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WAYE-ACTION  m  NATUKE, 

r  I  ^HE  waves  upon  water  are  always  objects  of  pleasing  interest. 

JL     From  the  ripples  of  the  pond  to  the  billows  of  the  ocean,  their 

beauty  and  their  sublimity  arc  sources  of  perennial  inspiration  to  the 

poet  and  the  painter.     But  there  is  an  invisible  realm  of  air-waves 

of  a  far  subtler  and  more  wonderful  order.     The  water-waves  belong 

to  the  sensuous  eye  and  to  art,  but  the  atrial  pulsations  belong  to  the 

eye  of  the  imagination  and  to  science,  the  great  revelator  of  the  super- 

seiisnoiis  barmouies  of  the  universe.     Water-waves  afford  au  agreeable 

spectacle,  and  have  little  further  concern  for  ue ;  but  the  waves  of  air 

take  hold  of  our  highest  life,  /or  the  multitudinous  sounds  of  Nature 

by  which  we  are  soothed  and  exhilarated,  all  the  deli£jhts  of  mnsic, 

the  pleasures  of  speech,  and  the  sweet  experiences  of  social  intercourse, 

are  made  possible  only  through  their  agency*     Besides,  air-waves  form 

one  liok  in  the  chain  of  agencies  by  which  we  pass  from  the  material  to 

the  spirilual  workL     The  first  is  the  capacity  by  which  matter  may  be 

ihroira  into  vibration ;  second,  the  properties  of  air  by  ivhich  it  can 

take  up  the  impulses  of  vibration  in  the  form  of  waves;  third,  those 

properties  of  the  mechanism  of  hearing  by  which  it  can  take  up  the 

motion  of  air-pulses  ;  and,  fourth,  those  properties  of  nerves  by  which 

iher  can  take  up  the  tympanic  vibrations  and  translate  them  into 

feeling  or  consciousness.     How  the  last  step  is  effected  we  do  not 

know,  but  many  of  the  preliminary  conditions  to  it  are  understood, 

sad  to  some  of  these  we  ask  the  render^s  attention, 

AU  sound  begins  in  those  collisions  and  attritions  among  mate** 

ihiiigs  by  which  their  parts  are  thrown  into  tremors.     These  r    . 

most  as  various  in  quality  as  the  properties  of  material  su\ 

The  sounds  we  bear  are  but  indices  to  the  vibrations  of  1  !  -. 

whieEi  they  proceed^  and  the  multitude  of  such  terms  as  \     j, 

""T  thud,  crack,  whiz,  squeak,  cfasb,  illustrate  the  ma    *        i        ^ 

if  characters  which  material  vibrations  may  tak  .      '     ^ 

•'        open  air  can  be 
vat.  UL— I  ^ 


SIm 


THE  POPULAR  SCIENCE  MONTHLY. 

(diictioB  of  noise,  the  thrillfl  of  matter  are  transient  and  irregular,  bnt, 
wlien  prolonged  and  regular,  they  give  rise  to  musical  sounds.  Vibra- 
tion dfpends  upon  elasticity,  and  bodies  which  are  eapable  of  the  pro- 

I  tracted  and  measured  pulsatione  of  music  must,  of  course,  be  highly 
elaBtie.  We  have  said  that  bodies  vibrate  differently,  and  this  de- 
pends  upon  the  nature,  form,  and  magnitude  of  the  mass  in  motion. 
The  vibrations  of  belU  differ  with  their  sizes  and  the  metals  and  alloys 
which  compose  them-  while  wooden  and  metallic  tubes,  strained 
strings,  and  stretched  membranes,  illustrate  the  same  thing.  If  a 
tense  wire  be  plucked  aside,  it  executes  lattTal  vibrations  which  differ 
with  its  varying  length,  strain,  and  density.  It  may  vibrate  as  a 
whole  (1),  Fig.  1,  while,  by  relaxing  the  tension,  or  by  touching  or 
damptng  it  at  different  points,  it  may  be  made  to  break  up  into  differ- 
ent systems  of  vibration  as  shown  in  (2),  (3),  (4),  Fig,  1.  The  points 
of  rest  ill  such  cases  are  called  node^.  Rods  and  tubes  of  wood  or 
glass  may  be  made  to  vibrate  longitudinaUy  by  rnbbing  them  length- 
wise with  the  rosined  fingers  or  a  damp  cloth.  Fig.  2  represents  a 
glass  tube,  six  feet  long  and  two  inches  in  diameter,  which,  by  being 
vigorously  rul^bed  iji  tliis  way,  was  set  into  such  violent  vibration  that 
it  went  to  pieces. 

Fia.  1. 
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A  tmi^G  DT  DimiuNT  Piuiifs  o^  VifiRAnoaf. 


If  thin  plates  ol  glass  or  metal  be  clamped  in  the  centre,  and  fin« 

eand  scattered  over  the  surface,  they  may  be  eet  into  vibration,  and 

the  sand  will  be  tossed  away  from  certain  parts  of  the  surface  and  col- 

^ted  in  other  parts,  forming  regular  geometrical  figures.     The  sand 

'^ts  at  the  lines  of  rest,  which  are  called  nodai  lines.     Fig.  3  rep- 

this  experiment,  the  vibration  being  produced  by  a  fiddle-lxiw, 

application  of  the  fingers  at  different  points  determines  the 

and  the  geometrical  figures*     Fig.  4  represents  a  number 

*\l  patterns  that  were  obtained  by  Chladni,  who  first 

^o  this  interesting  phenomenon. 
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IFA^H'ACTIO^r  IW  NATURE. 


VoWf  to  order  thm  all  ibeae  maltifiirioaB  and  diversified  tremblinga 
tuAtitnil  objects  may  be  brought  into  relation  with  animate  creatures. 
Hum  of  communication  is  necessary.  The  air  armind  ns 
im.  It  possesses  the  marvellous  power  of  taking  up 
IIm  numberless  and  ever-varying  thrills  of  material 
objects^  and  conveying  them  through. space  with  all 
didr  ptcaliarities.  The  sensitiveness  of  the  air  (if 
w^may  so  speak)  to  the  faintest  tremors  in  material 
and  its  power  of  transmitting  their  indi- 
qoalities,  are  most  wonderfuU  It  drinks  up 
Initesimal  motions  of  things,  and  dieses  them 
,  nimaltaneously,  and  in  countless  myriads  in 
ettoos  around. 

r  is  the  medium  of  Sbund  is  proved  by  the 
rhen  vibrations  occur  in  space  void  of  air, 
\  d!^ee  is  not  broken.  If  a  bell  suspended  by  a 
Kiin^  In  a  vacuum  be  struck,  nothing  is  heard,  al- 
iSmgh,  if  it  is  in  contact  with  the  jar,  the  vibra- 
tfepi  arc  communicated  to  the  outer  air,  and  sounds 
iueed.  That  air  transmits  the  kind  of  motion 
;  it  r«C€ivt!0  is  also  proved  by  the  fact  that  it  will 
jons  at  one  point  and  communicate 
ant  object  that  is  capable  of  vibrat- 
lig  HI  tbe  Fame  way. 

velocity  of  impulses  in  the  air  which  pro- 

•oood  has  been  well  established,  and  all  kinds 

lie  firing  of  a  ^n^  notes  of  a  musical 

ttt,  or  the  voice,  whether  higb  or  low,  harsh 

•cift— all  move  at  the  same  rate.     The  velocity 

ti^l  by  changes  in  atmospheric  pressure  or 

Br  hy  riitt  or  snow,  but  it  is  affected  by  wind 

if  >_».     The  speed  of  sound  is  1,090 

I' I  ;ii  the  freezing-potnt,  and  increases 

per  second  for  each  degree  of  ascent 

eit  scale.     It,  therefore,  takes  longer 

^r  than  in  summer.     In  many  parts 

the  change  of  temperature  is  so  great  that  the  velocity 

iir^'  more  than  100  feet  a  second  in  the  different  seasons. 

n  uir  with  about  the  speed  of  a  cannon-ball,  and  at  a 

IfTt^Ater  tlian  the  swiftest  motion  of  air  in  a  hurricane. 

♦Im^od  in  the  open  air  tends  to  mov>e  in  all  directions 

•   '    hut  this  tendency  may  be  disturbed  by  various  con- 

!ioh?  mass  of  air  is  moving  in  one  direction,  sound 

ith  it  than  against  it.     In  still  air  the  sound  of  a 

'  heard  farthest  in  the  direction  of  the  impulse.    Ex- 

14^  lia;  that  a  person  speaking  in  the  open  air  can  be 
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duction  of  noi&e,  the  thrills  of  matter  are  transient  and  irregular,  but, 
when  proloDged  and  reejular,  they  give  rise  to  musical  sounds.  Vibra- 
tion dependB  upon  elasticity,  and  boilies  which  are  capable  of  the  pro- 
tracted and  measured  pulsations  of  music  must,  of  course,  be  Lighly 
elastic.  We  haTe  said  that  bodies  vibrate  differently,  and  this  de- 
pends upon  the  nature,  fonn,  and  magpitncle  of  the  mass  in  motion. 
The  vibrations  of  bolls  differ  with  their  sizes  and  the  metals  and  alloys 
which  compose  them;  while  wooden  and  metallic  tubes,  strained 
stiings,  and  stretched  membranes,  illustrate  the  same  thing.  If  a 
tense  wire  be  phjcked  aside,  it  executes  lateral  vibrations  which  differ 
with  its  varying  length,  strain,  and  density.  It  may  vibrate  as  a 
whole  (l)j  Fig,  1,  while,  by  relaxing  the  tension,  or  by  touching  or 
damping  it  at  different  points,  it  may  be  made  to  break  up  into  differ- 
ent systems  of  vibration  as  shown  in  (2),  (3),  (4),  Fig.  L  The  points 
of  rest  in  sucli  cases  are  called  nodes.  Rods  and  tubes  of  wood  or 
glass  may  be  made  to  vibrate  longUndinaUy  by  rubbing  them  length- 
wise with  the  rosined  fingers  or  a  damp  cloth.  Fig.  2  represents  a 
glass  tube,  six  feet  long  and  two  inches  in  diameter,  which,  by  being 
\^goronsly  rul>l*ed  in  this  way,  was  set  into  such  violent  vibration  that 
it  went  to  pieces. 


A  bnnia  ik  DirrE&EJfT  Piuara  or  VisuttoM. 


If  thin  plates  oi  glass  or  metal  be  clamped  in  the  centrej  and  fine 
sand  scattered  over  the  surface,  they  may  be  set  into  vibration,  and 
le^the  sand  will  be  tossed  away  from  certain  parts  of  the  surface  and  col- 
colleC^^*^  in  other  parts,  forming  regular  geometrical  figures.  The  sand 
resents  Its  at  the  lines  of  rest,  which  are  called  nodal  lines.  Fig.  3  rep- 
while  the  .this  experiment,  the  vibration  being  produced  by  a  fiddle-bow, 
lines  of  rest  application  of  the  fingers  at  different  points  determines  the 
of  the  bea^itii^and  the  geometrical  figures.  Fig.  4  represents  a  number 
drew  attention  \*d  patterns  that  were  obtained  by  Chladni,  who  first 
\  to  this  interesting  phenomenon, 
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WAV£'ACTIOJ<^  IN  NATURE. 


Kow,  in  order  that  all  these  multifhrioafl  and  diversified  trembltngfl 
of  njiiaral  objects  may  be  brought  itito  relation  with  animate  creatnres, 
a  oommon  medium  of  commanication  is  necessary.  The  air  aroiiud  ns 
Ifl  itich  a  modium.  It  possesses  the  marvellous  power  of  taking  up 
ibc  numberless  and  ever-varying  thrills  of  material 
objects,  and  conveying  them  through, space  with  all 
iheir  peculiarities.  The  sensitiveness  of  the  air  (if 
we  may  so  9peak)  to  the  faintest  tremors  in  material 
objects,  and  its  power  of  transmitting  their  indi- 
vidiisl  qualities,  are  most  wonderful  It  drinks  up 
the  infinitesimal  motions  of  things,  and  disuses  them 
twiUly,  simultaneously,  and  in  countless  myriads  in 
all  directions  around. 

That  air  is  the  medium  of  sound  is  proved  by  the 
(act  that,  when  vibrations  occur  in  space  void  of  air, 
the  silence  is  not  broken.  If  a  bell  suspended  by  a 
stritig  in  a  vacuum  be  struck,  nothing  is  heard,  aU 
tboagb,  if  it  la  in  contact  with  the  jar,  the  vibra- 
tions are  communicated  to  the  outer  air»  and  sounds 
pn>daced.  That  air  transmits  the  kind  of  motion 
that  it  receives  is  also  proved  by  the  fact  that  it  will 
tjike  up  vibrations  at  one  point  and  communicate 
them  to  a  distant  object  that  is  capable  of  vibrat- 
ing in  the  same  way. 

The  Telocity  of  impulses  in  the  air  which  pro- 
duce 8oaod  has  been  well  established,  and  all  kinds 
of  shocks — the  firing  of  a  gun,  notes  of  a  musical 
instniment,  or  the  voice,  whether  high  or  low,  harsh 
or  soft — all  move  at  the  same  rate.  The  velocity 
ii  oat  affected  by  changes  in  atmospheric  pressure  or 
noisttire,  or  by  rain  or  snow,  but  it  is  affected  by  wind 
and  by  temperature.  The  speed  of  sound  is  1,090 
feet  per  second  at  the  freezing-point,  and  Increases 
aboat  one  foot  per  second  for  each  degree  of  ascent 
ea  the  Fahrenheit  scale.  It,  therefore,  takes  longer 
lo  hear  in  winter  than  in  summer.  In  many  parts 
of  the  country  the  change  of  temperatnre  is  so  great  that  the  velocity 
of  sofQud  will  vary  more  than  100  feet  a  second  in  the  different  seasons, 
Soitsd  moves  in  air  with  about  the  speed  of  a  cannon-ball,  and  at  a 
imte  ten  times  greater  than  the  swiftest  motion  of  air  in  a  htirricane. 
The  aonnd  produced  in  the  open  air  tends  to  move  in  all  directions 
with  €H|nal  speed,  but  this  tendency  may  be  diaturbed  by  varioiis  coo- 
ts. If  the  whole  mass  of  air  is  moving  in  one  direction,  sound 
.  .  travel  faster  with  it  than  against  it.  In  still  air  the  sound  of  a 
amfkket-ahot  will  be  heard  farthest  in  the  direction  of  the  impulse,  Ex- 
porimeots  have  shcnm  that  a  person  speaking  in  the  open  air  can  be 
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at  equally  well  at  a  distance  of  100  feet  in  front,  75  fe^  on 
and  30  feet  behind.  When  an  obBtacle  checks  a  sombd  in 
iion  it  can  be  heard  farther  in  others,  because,  as  a  giv^«n 
'  force  produces  a  given  amount  of  motion,  if  the  motion  is 
1  some  directions,  it  is  increased  in  others, 
ve  now  seen  that  air  Js  the  common  vehicle  of  sound,  and 
tound-impulse  moves  in  all  directions  at  a  high  speed.  But 
that  actually  moves  ?  The  particles  of  air  are  certainly  not 
the  vibrating  body  to  the  ear,  for  then  we  should  live  in  the 
itorms  ten  times  more  violent  than  tropical  cyclones.  The 
elastic  properties  of  gases  here  come  into  play.  The  vibra- 
odies  produce  waves  or  pulses  in  the  air.  It  is  the  same  in 
ith  water-waves.  When  we  throw  a  stone  into  a  quiet  pool, 
s  chase  each  other  in  circles  to  the  shore,  but  the  water  itself 

Fxo.  8. 


ViBBATioHS  or  ▲  Clamped  Plate. 

move  forward.  The  floating  straw  is  not  borne  along,  but 
es  and  falls  in  its  place,  and  so  the  particles  of  water  only 
p  and  down  in  circles,  and,  communicating  their  motion  to 
ent  particles,  there  is  an  outward  transference  of  force  by 
)n,  and  the  water-particles  move  up  and  down  while  the  wave 
ward.  Air-waves  exemplify  the  same  principle,  but  in  a  dif- 
jr.  A  vibrating  body  throws  the  contiguous  air  into  move- 
produces  the  wave.  But  the  air-particles  oscillate  backward 
ird  or  in  the  same  direction  as  the  advancing  wave.  The 
IS  in  water  are  transversal ;  in  air,  they  are  siiid  to  be  longitvr 
he  mode  of  movement  may  be  rudely  illustrated  by  a  row  of 
s  such  as  are  employed  in  the  game  of  "  Solitaire."  If  a 
them  are  placed  in  a  groove  in  contact  (Fig.  6),  and  one  of 
dthdrawn  with  the  hand  and  lightly  struck  against  its  neigh- 
otion  imparted  to  the  first  ball  is  delivered  up  to  the  second, 
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through  the  row.  In  a  Bimilar  way  the  action  of  a  vibrating  body 
upon  the  air  is  to  produce  a  series  of  condensations  and  rarefactions 
which  are  sent  successively  forward  through  the  atmosphere,  and  each 
condensation,  with  its  associated  rarefaction,  constitutes  a  sonorous 
wave.  This  is  illustrated  in  Fig.  6,  where  A  B  represents  a  tuning- 
fork  in  vibration.  As  the  prong,  a,  strikes  against  the  air,  its  particles 
are  driven  together  or  condensed  in  front  of  it,  and,  as  the  prong  re- 
treats, it  leaves  a  partial  vacuum  behind.     Each  vibration  thus  gen- 

Fio.  & 


Pbopaoatior  op  LfPULsn  thbougo  Balla. 

crates  a  wave.  The  oscillations  of  the  air-particles  are  communicated 
to  the  adjacent  particles,  and  the  impulse  is  sent  forward.  In  Fig. 
Q^b  c  d  represent  the  condensations,  and  h'  c  cF  the  accompanying 
rarefactions  in  the  propagation  of  impulses  through  the  air. 

If,  now,  we  imagine  these  dark  and  light  spaces  prolonged  in  cir- 
cles round  the  tuning-fork,  we  shall  have  an  idea  of  the  way  sound 
moves  in  all  directions.  We  are  to  conceive  of  air-waves  as  bubbles 
or  spheres,  which  rapidly  expand  from  the  point  of  vibration,  and 
chase  each  other  outward  with  the  speed  of  musket-balls. 

We  have  said  that  the  waves  of  sound  take  place  in  an  invisible 
realm,  yet  it  is  in  the  power  of  science  to  bring  them  mto  view.  This 
triumph  of  experiment  is  due  to  a  German  named  Toepler.  Prof. 
Rood  has  given  an  account  of  it  in  his  admirable  lecture  on  the  "  Mys- 
teries of  the  Voice  and  Ear."  It  depends  upon  the  principle  that, 
"  when  light  which  is  travelling  through  the  atmosphere  meets  with  a 
denser  or  rarer  layer,  it  is  usually  turned  a  little  out  of  its  straight 
path — a  very  little — but  enough,  sometimes,  to  render  the  layer  actu- 
ally visible,  if  proper  optical  means  are  employed."  But,  how  is  a 
wave  to  be  made  visible,  if  it  moves  with  the  speed  of  a  cannon-ball, 
"  which  goes  so  ^st  we  cannot  see  it  ?  "  It  is  by  getting  a  glimpse 
of  it  so  quickly  that  it  has  no  time  to  move,  and  appears  as  if  at  rest. 
Those  who  have  seen  a  railway-train  at  high  speed  illuminated  by  a 
flash  of  lightning,  will  remember  that  it  appeared  as  if  standing  still. 
So,  if  a  cannon-ball  were  passing  through  a  darkened  room,  and  could 
be  illuminated  by  an  electric  flash,  it  would  seem  to  be  at  rest  in  mid- 
air.   By  suitable  arrangements,  and  the  use  of  the  electric  spark,  Prof. 
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pier  caught  the  air-waves  on  tlie  mstant,  and  got  a  glimpse  of  tbeir 
il&r,  and  even  tbeir  shaded  aspect. 

We  bare  siud  that  "the  difference  between  noke  and  mii8ic  is,  that 

B  the  waTes  strike  the  ear  irreguJarly,  wliUe  in  uwmc  tlioy  are 

i^vUTi  and  ao  nipid  as  to  blend  together.     Any  sound  which  becomes 

ttMitioiioQa  by  rapid  pc*riodic  strokes  is  said  to  Ik*  mugical    **  If  a  watcb, 

Lfcf  •imnip!e,  c^uld  bo  caused  to  tick  with  sufficient  rapidity^ay  one 

l^pnndred  times  a  second^ — the  ticks  would  lose  their  individuality,  and 

^ftlend  to  a  masical  tone.   And,  if  the  strokes  of  a  pigeon's  wings  could 

b«  a<JComplished  at  the  same  rate,  tiie  progress  of  the  bird  through 

the  air  would  be  accompanied  by  music.     In  the  humming-bird,  the| 

aeocoary  rapidity  is  attained  i  and,  when  we  pass  on  &om  birds  toi 

inaeeta,  where  the  vibrations  are  more  rapid,  we  have  a  musical  note 

lithe  o^lina^y  accompaniment  of  the  insect's  flight," 

Sounds  vary  in  pitch,  and  the  pitch  depends  upon  the  rate  of  vibra*^ 
tioo.    The  greater  the  number  of  vibrations  in  a  second,  the  shorter 
sod  qaicker  are  the  waves,  and  the  higher  the  tone.     It  has  been  de- 
(maiaed,  in  various  ways,  exactly  how  many  vibrations  there  are  in 
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I  iiiiifl!«al  ooie.  Savart  employed  a  toothed  wheel,  which  could  be 
Mt  a  aotton  at  any  desired  rate  of  speed,  and  wliich  had  attached  a 
nail  reeoffding  apparatus  that  gave  the  number  of  revolutions  in  a 
inomL  Fig*  7  represents  the  mechanism,  and  the  modo  of  using  it. 
Wkik  tbo  wheel  Is  in  revolution,  a  thin  visiliug-card,  or  a  piece  of 
firteliOar«l|  ia  held  against  its  toothed  edge.  The  card  is  betjt  a  little 
^  taeh  tooth,  aa  it  goes  by,  and  springs  back  to  its  first  position  as 
iofliaa  it  le  frieaaed.  When  the  wheel  is  tunied  slowly,  there  is  heard 
«ly  a  MMSG«aaian  of  taps,  distinctly  separable  one  from  another;  but,  as 
\\m  ra|iidjiT  of  the  rotations  increases,  the  number  of  strokes  increasea 
aba,  aod  they  soon  unite  to  form  a  musical  sound,  while,  exactly  aa 
At  molloQ  is  aooeierated^  the  sound  rises  in  pitch.  In  this  way  it  la 
pOiiibh  to  eoant  the  number  of  vibrations  in  producing  every  note  in 
(ka  nunksal  ffnlf>. 


d 


THE  POPULAR   SCIENCE  MONTHLY. 


Thi^  QSiiaL  raoge  of  hearing  UeB  between  10  vibrations  in  a  second 
and  about  38,000  vibrations  per  second.  Starting  with  16  vibrationa 
per  second,  as  the  number  is  increaeed  we  have  a  series  of  rising  mu- 
aioal  notes,  until  the  number  is  doubled,  and  an  octave  is  produced 
with  32  vibrations  per  second.  Increasing  them  from  this  point,  the 
notes  rise  in  pitch  until  they  are  again  doubled,  and  we  lia^e  the  sec- 
ond octave  with  64  vibrationa  per  second.  By  thus  ascending  through 
11  octaves,  the  number  of  vibrations  reached  would  be  32,768  per  sec- 
ond ;  but  all  the  notes  comprised  within  these  limits  cannot  be  em- 
ployed in  music,    Tyndall  states  that  the  practical  range  of  musical 

Fia.  ?. 
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sounds  b  comprised  between  40  and  4,000  vibrations  per  second,  which 
amounts,  in  round  numbers,  to  seven  octaves.  Helmholtx  says  thai 
the  deepest  tone  of  orchestra  instruments  is  the  E  of  the  double  bass 
with  41|^  vibrations.  The  new  piano8  arid  organs  generally  go  down 
to  33  vibrations.  In  height,  the  piano-forte  reaehcB  to  3,520  vibrations, 
or  sometimes  to  4,224  *  while  the  highest  note  of  the  orchestra  is  that 
of  the  piccolo  flute,  with  4,752  vibrations  per  second.  The  limits  of 
hearing  vary  in  different  persons.  The  squeak  of  the  bat,  the  sound 
of  the  cricket,  and  even  the  chirrup  of  the  sparrow,  cannot  be  heard 
by  some  persons.  The  limit  of  sensibility  oflen  varies  by  as  much  aa 
two  octaves. 

Waves  of  water,  as  everybody  knows,  vary  greatly  in  magnitude ; 
the  riplets  of  the  pool  may  be  not  more  than  an  inch  in  length,  while 
the  sea^waves  may  measure  a  hundred  feet  from  crest  to  crest    Sound- 
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tv«i  ibo  rmrj  greatly  in  magnitude,  though  to  each  rate  of  vibtatiou 
pre  corresponds  a  definite  length  of  ware.     Knowing  the  rate  of  ti- 
aiton  per  second,  and  the  velocity  of  sound  per  second,  lengths  of 
iTC*  are  easily  calculated.     Take,  for  example,  a  tuning-fork  that 
the  lowest  note  of  the  comroon  D-fluto,  and  it  gives  288  vibra- 
I  per  second.    If,  now,  it  be  struck  in  still  air,  at  the  freezing-point, 
Uie  tntemo^  wave  will  reach  a  distance  of  1,090  feet,  at  the  end  of  a 
mood,  while  the  chain  of  waves  which  connects  it  with  the  vibrating 
tek  will  be  288  in  number :  each  wave-link  will  therefore  be  about  3 
if«l  0  inrhes  long.     With  few  vibrations  and  deep  tones,  waves  are 
long,  while,  with  rapid  vibrations  and  fibrill  tones,  waves  are  correspond- 
ingly ihort.    Within  the  limits  of  hearing,  sound-waves  vary  in  length, 
from  TO  feet  to  a  half  an  inch.     "  The  waves  generated  by  a  man's  or- 
giaji  of  voice  in  common  conversation  are  from  8  to  1 2  feet ;  those  of 
i  vomim  are  from  2  to  4  feet  in  length.     Hence,  a  woman's  ordinary 
pitdi,  ill  the  lower  sounds  of  conversation,  is  more  than  an  octave 
t  a  sialics;  in  the  higher  sounds  it  is  two  octaves." 
B«t«  bectiiiae  the  numbers  of  their  oscillations  are  exactly  deter- 
r*       '         must  not  suppose  that  the  motions  are  so  simple,  for,  as 
i  I  remarks,  smooth  and  clean-cut  waves  but  seldom  reach  the 

\m.    There  ar^*  compound  vibrations  which  give  complexity  to  wave- 
figarri^    The  large  waves  at  sea  are  often  covered  by  smaller  waves, 
w  thai  the  water-particles  obey  double  impulses,  and  swing  iu  double 
(Mcillationa.     It  was  illustrated,  in  Fig.  1,  that  a  string  may  vibrate  as 
^_»  whotot,  or  in  various  subdivisions.     When  a  string  or  any  other  body 
^■hbiatnai  aa  a  whole,  it  produces  its  lowest  note,  which  is  called  the 
^H^pmental  note.     But  the  fundamental  note  is  never  perfectly  pure. 
^HV  &ot  possible  to  sound  the  string  as  a  whole,  without  atthe  same 
that  causing  the  vibrationa  of  its  parts*     But>  as  these  shorter  vibra* 
turns  are  quicker,  they  yield  notes  of  a  higher  pitch,  which  mingle 
»iti  ilie  fundamental  note,  and  alter  its  quality.    These  accompanying 
fa%her  notes  may  be  in  harmony  with  the  fundamental  note  (when 
llijarv  culled  harmonics)^  or  they  may  not  harmonize  with  it.     The 
•oondi  emitted  by  the  jwir^  of  a  vibrating  body  are  called  overtones^  \ 
■iid  il  is  potsible  for  a  string  to  furnish  as  many  as  20  or  30  of  these. 
JIW  vam^Sng  of  the  overtones  with  the  fundamental  one  determines 
be  iimlrc  of  sound.     It  is  this  whieh  gives  their  peculiar  character  to 
mnsieal  instrumefits,  and  enables  us  to  distinguish  them,     A 
and  a  violin  may  give  the  same  fundamental  note,  but  their 
cv«rtofica  are  so  different  that  the  instruments  are  never  confounded. 

So«oi]-wavea  are  not  only  transmitted  by  the  air,  but  also  by  liquids 

lai  mMUm*    That  water  will  convey  musical  sounds  is  shown  by  the 

Muwijig  ""8  represents  a  tube  a  yard  long,  set  upon 

Jkamod^i  I  a  fuimel  at  the  top,  and  filled  with  water. 

^^■bg-Cbrk  ii  attached  to  a  little  wooden  foot,  set  into  vibration^ 

Hnbft  fi»Qi  b  tlien  dipped  into  the  water  without  touching  the  sides 
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of  the  funnel.  The  vibrationB  are  transmitted  by  the  liquid  to  the 
tray  below,  which  is  thrown  into  tremors,  and  a  swelling  musical  sound 
is  the  result. 

Fio.  8. 


VlBKATIOKS  COMYXTSD  THBOUOH    WaTEU. 


The  following  beautiful  experiment,  described  by  Prof.  Tyndall, 
shows  how  music  may  be  transmitted  by  ^n  ordinary  wooden  rod.  In 
a  room  two  floors  beneath  his  lecture-room,  there  was  a  piano  upon 
which  an  artist  was  playing,  but  the  audience  could  not  hear  it.  A 
rod  of  deal,  with  its  lower  end  resting  upon  the  sounding-board  of  the 
piano,  extended  upward  through  the  two  floors,  its  upper  end  being 
exposed  before  the  lecture-table.  But  still  no  sound  was  heard.  A 
violin  was  then  placed  upon  the  end  of  the  rod,  which  was  thrown  into 
resonance  by  the  ascending  thrills,  and  instantly  the  music  of  the  piano 
was  given  out  in  the  lecture-room.  A  guitar  and  a  harp  were  substi- 
tuted for  the  violin,  and  with  the  same  result.  The  vibrations  of  the 
piano-strings  were  communicated  to  the  sounding-board,  they  traversed 
the  long  rod,  were  reproduced  by  the  resonant  bodies  above,  the 
air  was  carved  into  waves,  and  the  whole  musical  composition  was  de- 
livered to  the  listening  audience. 

The  instrument  of  hearing  in  man  consists  of  an  external  orifice 
about  an  inch  and  a  half  deep  in  adults,  which  is  closed  at  the  bottom 
by  the  circular  tympanic  membrane.  This  membrane,  though  mod- 
erately strong,  is  quite  thin,  and  almost  transparent.    It  is  made  np 
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I  lae  ftbrefl,  tome  radiatmg  from  the  central  part  to  the  circumfer* 
ke,  imd  others  arranged  in  conceutric  ringB.  It  is  kept  gently  on 
b  fttr^tch  by  two  small  muscles,  one  of  wbicli  draws  it  tighter,  and 
be  other  loosens  it,  by  acting  upon  a  chain  of  small  bones.  We  shall ' 
bt  undertake  to  deacribe  the  curious  and  complicated  anatomy  of  the 
iner  ear^the  drum,  containing  air,  the  curious  chain-work  of  minute  vi- 
tating  bones,  the  labyrinth  filled  with  water  containing  little  crystalline 
Hfim^And  0ne  elastic  bristles,  and  where  the  delicate  fibres  of  the 
PHHPkerve  commence.  "  There  is  also,"  eays  Tyndall,  *'  in  the  laby- 
Both  a  wonderful  organ  discovered  by  the  Marchese  Corti,  which  is,  to 
•Q  appearance,  a  musical  instrument,  with  its  chords  so  stretched  as  to 
■ecept  vibrations  of  different  periods,  and  transmit  them  to  the  nerve- 
fikments  which  traverse  the  organ.  Within  the  ears  of  men,  and 
without  their  knowledge  or  contrivance,  this  lute  of  3,000  strings  (as 
|Ki3lliker  estimates)  has  existed  for  ages, accepting  the  music  of  the  outer 
▼ofltj,  and  rendering  it  fit  for  reception  by  the  brain.  Each  musical  , 
|n*.Qior  which  falls  upon  ihis  organ  selects  from  its  teusioned  fibres  the 
ioo£  appropriate  to  its  own  pitch,  and  throws  that  fibre  into  unisonant 
••Tibfation.  And  thus,  no  matter  how  complicated  the  motion  of  the 
txtemal  air  may  be,  those  microscopic  strings  can  analyze  it,  and  reveal 
[tiie  ooQfctituents  of  which  it  is  composed-'*  By  this  wonderful  apparatus  i 
mtt  all  the  tremulous  movements  of  the  outer  world  translated  to  the 
Lt^rld  within.  How  the  auditory  nerve  transmits  its  impressions  is 
ll^ijMMter  of  demonstration,  but  the  probability  is  great  that  it 
■Hub  them  as  it  receives  them  as  impulses  of  motion^ — waves  of 
fone  that  are  conveyed  to  the  brain  and  expended  in  the  production  of 
thoM  physical  motions  which  are  the  material  conditions  and  accompani- 
SMDtsof  conseiouenesB.  That  the  organ  of  feeling  and  thought  is  itself  ' 
re  of  vibrations  and  wave-actions  traversing  in  all  directions  the 

IDS  of  microscopic  fibres  which  pervade  the  encephalon,  will  be 
l  absnrd  by  many :   but  we  know  that  wave-action  is  a  part  of 
laoUuxl  of  Katnre ;  that  it  produces  the  most  wondei-ful  efieuts  in 
ill tlli  oommon  forms  of  matter;  that  the  brain  is  a  material  instru- 

m  the  closejt  physical  relation  with  the  outward  order ;  and  that 
il  changes  of  some  kind  within  it  are  the  concomitants  of  its 
fulieil  funeiions.  That  there  should  be  unity  in  the  whole  scheme  does 
iol  apjpeftf  irrationaL 

Bt  Uiia  aa  it  may,  the  marvels  of  what  is  known  are  inexhaustible. 
CifU  w«  tec  what  takes  place  in  a  room  when  a  tuning-fork  is  in 
Tikukifi,  giving  out  a  single  note,  we  should  behold  all  the  particles 
of  tb«  air  agitated  in  tremulous  sympathy,  and  filling  the  space  with 

Ij^sfAnding  spheres  of  spectral  beauty.     Or,  were  the  eflTect  pro- 
al  instruments  concurrently  played,  we  should  see  the 
k»s«  variety  carving  the  air  into  ever-changing  figures 
rf'gMiMCri^sal  harmony,  and  creating  the  perfect  mnsto  of  geometrical 
hmn,  Scteh  a  revelatioD  Is  impossible,  from  the  swiftness  of  movement. 
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which  would  foil  the  eye ;  bat  it  would  be  also  impossible,  because  the 
complications  of  movement  would  confuse  it.  But,  where  the  optical 
sense  fails,  the  auditory  sense  succeeds.  The  membrane  of  the  ear  re- 
ceives the  torrent  of  motion,  and  transmits  it  with  all  its  harmonies. 
In  an  orchestra,  where  scores  of  instruments  are  playing  through  the 
whole  compass  of  the  scale,  the  air  is  cut  into  waves  by  every  com- 
plexity of  vibration — ^grave  tones  mingle  with  shrill,  soft  with  harsh, 
fundamentals  are  merged  in  overtones,  and  the  storm  of  impulses  is 
shot  with  the  speed  of  rifle-bullets  against  the  tympanum ;  and  yet 
there  is  no  confusion.  In  all  their  infinite  diversity  of  qualities  the 
waves  are  legible  to  the  little  membrane.  It  vibrates  to  the  lowest 
and  to  the  highest,  to  each  and  all,  and  telegraphs  the  whole  per- 
formance with  incon^prehensible  exactness  to  its  cerebral  destination  • 
and  an  exquisite  work  of  art  is  produced  in  the  sphere  of  pleasurable 
feeling  and  critical  intelligenca 

Our  glance  at  this  fascinating  subject  has  been  very  imperfect,  but, 
if  any  care  to  pursue* it,  we  recommend  them  to  the  admirable  book 
of  Prof.  Tyndall,  "  On  Sound,"  to  which  we  are  indebted  for  the  fore- 
going illustrations,  and  for  many  of  the  facts  stated. 


INSTINCT    IN    INSECTS. 
Bt  geobqe  pouchet. 

TRANSLATED  FROM  THE  rRENOH,   BT  A.   B.   MACDONOUGH.   ESQ. 

L 

WHAT  is  instinct  ?  In  what  does  it  differ  from  intelligence  ? 
What  explanation  can  be  given  of  it  in  the  present  state  of 
the  sciences  of  life  ?  All  these  are  questions  to  which  a  positive  an- 
swer is  asked  for  the  first  time  in  our  day.  Philosophers  and  moralists 
do  not  in  our  time  concern  themselves  with  the  relations  or  the  differ- 
ences between  instinct  and  intelligence ;  for  they  have  no  means  of 
solving  problems  that  particularly  concern  biology.  Without  going 
farther  back,  we  remember  Descartes's  strange  notion  of  animal  ma- 
chines, adopted  by  Bossuet,  and  the  whole  seventeenth  century ;  but 
at  this  time  biologists  in  their  turn  attack  the  problem ;  anatomy  and 
physiology  will  perhaps  give  us  the  solution  sought  in  vain  at  the 
hands  of  philosophic  and  religious  systems  since  the  days  of  Aristotle 
and  St.  Thomas. 

George  Cuvier  was  the  first  to  draw  a  clear  distinction  between 
instinct  and  intelligence,  in  the  second  edition  of  the  '^  Animal 
Kingdom"  (1829), in  which  he  digests  the  works  published  during  the 
course  of  several  years,  by  his  brother  Fr6d6ric.  The  latter,  placed 
in  control  of  the  menagerie  of  the  museum,  believed  that  it  pertained 
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to  the  daties  of  his  poat  to  make  a  oourBe  of  connected  studies  upon 
tbe  animals  committed  to  his  charge :  he  thouglit,  as  GeoflProy  Saint- 
UliUir^  did,  that  such  Is  the  sole  purpose  of  establishments  of  that  kind. 
*^TIk«r6  exists  in  animalSj'*  Cuvier  tells  us,  "  a  faculty  distinct  from  intel- 
ttgofeee,  which  we  term  instinct     It  makes  them  do  acts  which  each  in- 
divMuai  jn?rform8  without  ever  ha\^ng  seen  them  done,  and  which  are 
i«p(ftted»  from  generation  to  geueratioti,  invariably  the  same.     Without 
luTtDg  learned^  the  animal  knows  ^  it  knows  from  its  birth,  and  knowftl 
foinrll,  thai  it  never  makes  a  mistake,  even  in  acts  of  extreme  complei?^ 
ilT,  Ibe  MM5n?t  oi  which  it  seems  to  bring  with  it  into  the  world.     Young 
dtteka  batched  under  a  hen  go  strai^^ht  to  the  nearest  piece  of  water, 
ud  boldly  pluuge  and  swim,  in  spite  of  their  foster-mother's  cries  and 
The  squirrel  lays  up  its  winter  stock  of  hazel-nuts  and  fil- 
before  it  knows  what  winter  is.     The  shepherd's  dog  and  the 
rmier  know  how  to  do  the  duties  expected  of  them,  through  a  gift 
birth*    Tlie  bird  hatched  in  a  cage  and  reared  a  captive,  if  set  free^J 
ill  Wild  a  nest  like  that  its  parents  built,  on  the  same  tree,  of  the" 
««ine  m^iterials,  in  the  same  shape.     The  spider,  more  amazing  still, 
w«if«;i  without  any  lessons  the  geometric  nt»t-work  of  its  web ;  and 
tiki  amaagbt  bee  builds  its  comb.     Man  too  has  his  instinct,  as  animals 
!•▼«.    By  instinct  the  new-bom  child  feels  for  and  finds  its  mother's 
breut ;  hut  instinctive  phenomena  in  man  are  less  easy  to  determine, 
and  Ujelr  discovery  demands   careful    research,  because  intelligence 
Uffiially  veils  them.     And  yet  intelligence  is  not  wanting  in  animals 
■    itbirr,  only  with  them  instinct  has  that  predominance  which  inteUi- 
^MifflCf  takes  in  man." 

^F  With  the  exception  of  a  few  mistakes  in  details,  Cuvier  marked 
^fim  accurately  the  line  between  the  instinctive  and  the  intellectual 
^^  hotldas^  but  he  went  no  further.  His  character  and  disposition  gave 
lioi  but  Utile  taste  for  penetrating  into  problems  of  that  kind.  With  a 
Iflfty  diKUin  to  which  posterity  has  done  justice,  he  left  to  his  rival 
Gttfinf  Sfttnt'IIilaire  the  care  of  inquiring  into  the  origins  of  vital 
^^  ■tnifrgfiTioiia.  Cuvier  affirmed  simply  that  every  species  received 
^Ml  ita  b^finiog  a  certain  share  of  intelligence,  with  a  certain  pron- 
^Hlan  of  liifftinct^  so  wisely  proportioned  as  to  insure  the  permanence  of 
^PHttl^Meles  till  the  end  of  time,  or  at  least  tiA  the  next  revolution  in 
Mr  globe.  The  intelligent  race  docs  its  part  with  its  faculties  as  it  I 
«•;  tbqr  roust  suffice  for  it.  The  race  without  intelligence,  to  make  ■ 
9f  for  111  want,  brings  into  the  world  a  supply  of  instinct  which  aids 
il  |0  mmke  ll^  way.  This  odd  theory  of  compensation,  instinct  and 
pittfceiital  faealties  respectively  complementing  each  other,  misled 
pm«}  H  agreed  with  the  general  scope  of  his  doctrine ;  but  it  does  | 
^■H^B<Witb  Ciiet4i,  Those  among  animals  that  present  the  most 
Bptteped  iaatinet  are,  unquestionably,  the  insects ;  the  silky 
of  eonooua,  the  structures  wrought  by  wasps,  the  beautiful 
ikti  are  Ireaaurcd  in  cabinets,  bear  witness  to  astonishing  in- 
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stinctive  fiaculties ;  every  thing  seems  to  be  instinct  with  the  insect s, 
and,  if  Cuvier's  idea  be  adopted,  it  ought  in  general  to  be  very  poorly 
endowed  as  regards  intelligence.  We  shall  presently  see  that  the  truth 
is  completely  the  reverse. 

Besides,  Cuvier  had  no  very  accurate  knowledge  of  insects,  which 
in  his  classification  he  degraded  to  a  place  below  molluscs.  We  cannot 
address  the  same  reproach  to  M.  Emile  Blanchard,  who  pursues  the 
natural  history  of  articulated  animals,  at  the  Jardin  des  Plantes.  We 
regret  keenly  that  in  his  late  work  on  the  "  Transformations,  Habits, 
and  Instincts  of  Insects,"  he  has  not  thought  fit  to  follow  the  sugges- 
tions of  such  a  title,  and  to  dwell  a  little  on  that  twofold  subject  of 
intelligence  and  instinct  which  would  gain  by  being  clearly  stated. 
His  usual  studies  and  the  direction  of  his  labors  enable  M.  Blanchard 
better  than  any  one  else  to  Complete  a  blank  which  must  be  supposed 
one  of  choice  only,  in  his  work.  The  learned  professor  of  the  museum 
goes  on  fipom  Cuvier's  startihg-point  with  him,  and,  with  Flourens  in  his 
last  work  ("Comparative  Psychology,"  1866),  M.  Blanchard  distin- 
guishes instinct  from  intelligence,  but  he  stops  there.  He  makes  no  at- 
tempt whatever  to  measure  the  reciprocal  influence  of  these  two  kinds 
of  faculties  in  the  very  complex  acts  of  insect-life ;  and,  above  all,  he 
refrains  from  the  study  of  their  intelligence,  full  of  interest  as  it  is, 
"  Individuals  of  the  same  species,"  he  says,  "  always  perform  the  same 
works  without  having  learned  any  thing ;  instinct  alone  guides  them«'* 
Yet,  together  with  this  instinct,  as  M.  Blanchard  himself  admits,  there 
are  faculties  of  intellect,  which  offer  greater  difficulties  of  study  by 
reason  of  the  existence  of  those  instinctive  faculties.  These  very  dif- 
ficulties make  the  study  more  worthy  of  attention.  How  are  the  two 
classes  of  faculties  combined  ?  If  that  winged  mite  had  nothing  but 
the  instincts  that  urge  it,  those  alone  would  make  it  interesting ;  how 
is  that  interest  increased,  when  in  that  tiny  body  instinct  is  paired 
with  reflection  that  analyzes  sensations,  and  will  that  determines  move- 
ments! what  a  study  might  we  find  in  these  intellectual  faculties 
used  by  so  perfect  an  instinct !  Does  it  not  become  indispensable  to 
measure  these  faculties  exactly  in  the  case  in  which  instinct  is  most 
developed  ?  Suppose  we  were  to  find,  contrary  to  Cuvier's  opinion, 
that  instinct,  far  from  being  inversely  proportioned  to  the  degree  of 
intelligence,  is  just  the  reverse,  and  is  greater,  according  as  intelli- 
gence is  more  active. 

This  really  is  the  truth,  and  it  is  important  to  fix  this  first  point 
clearly  in  the  study  of  instinct.  Human  inferiority  in  point  of  instinct 
is  perhaps  only  apparent,  since  education  hardly  allows  us  to  guess 
what  we  should  be  without  it  We  know  from  the  history  of  more 
than  one  child  found  wild  in  the  woods,  especially  from  that  of  the 
idiot  boy  so  well  studied  by  Itard,  what  amazing  instincts  may  be  dis- 
played by  a  human  creature,  even  one  absolutely  without  understand- 
ing, when  abandoned  to  itsel£    Among  all  animals,  insects  are  assuredly 
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in  whicb  instinct  is  most  developed;  we  except  neither bbds  with 
nests,  nor  beavers  with  their  dams.  Among  insects,  those  in 
the  Highest  expression  of  instinct  is  noted  are  beeSj  that  build 
odU  like  the  work  of  profound  geometry ;  and  particularly  ants,  acting 
with  iiidtincts  yet  higher,  which  eeem  to  approach  those  perhaps 
smotbered  by  education  in  man.  A  Genevese,  Peter  Huber,  made 
these  known  to  us,  Hia  book  (1810)  croi^nns  a  period  of  remarkable 
^Mo4i^  apon  insects.  Before  his  time,  as  fur  back  as  1 705,  a  woman, 
^^■DcL  Sybitle  de  Merian,  crosf^ed  the  ocean  and  made  a  voyage  to 
^Hmfum,  to  paint  the  caterpillars  of  the  tropics;  then  after  her  come 
^Btenoiiiri  Da  Geer,  Bonnet,  who  watches  night  and  day  his  flea,  the 
dmstgiiter  of  five  virgin  generations,  and,  when  it  dies,  writea  to  all 
Europe  to  disclaim  any  responsibility  for  the  event.  The  pursuit 
grows  %  passion,  Lyonnet  passes  his  life  in  describing,  drawing,  and 
tograving  the  anatomy  of  the  willow-caterpillar.  Enthusiasm  works 
flrixades  ;  Francis  Huber,  the  father  of  the  man  of  ants,  although  blind, 
lierlbriBS  the  marvel  of  muking  wonderful  discoveries  as  to  things  tak- 
ing place  in  the  inner  darkness  of  beehives.  Peter  Huber,  the  son,  is 
Uitt  sad  absorbed  in  those  societies  of  the  ants  to  which  he  devotes 
hii  slodies.  While  all  Europe  is  agitated  by  coalitions,  nothing  from 
withottl  reaches  him. 

Peu-r  Huber  observes  and  experiments  with   rare  sagacity.     No 

fa«cl  escapes  him;  he  may  remark  upon  it  or  explain  it  ill,  but  he  notes 

b  mosi  accurately.     His  observations  have  not  been  contradicted ;  his 

•xperiiiMnts  still  remain  patterns  of  care  and  patience.     He  peopled 

wMi  aats^  his  garden,  the  terrace  of  his  house,  his  study,  his  tables, 

phiefa  wens  turned  into  a  kind  of  hives,  and,  lest  this  new  dwelling 

ight  be  unsatisfactory  to  the  ants,  and  in  order  that  they  might  keep 

work  in  it,  he  made  rain  and  fair  weather  for  them ;  his  rain-making 

tag  in  rubbing  his  hand  for  hours  at  a  time  over  a  wet  brush. 

brief^  he  supplied  them  so  richly  with  tempting  dainties  and  weath- 

r-^oDtrivances,  that  at  last  they  wanted  nothing  better  than  their 

home^  a  bureau-drawer.     Did  he  not  even  one  day  cheriBh  the 

^ataitie  uutiou  of  bringing  up  the  larvae  of  his  ants  by  feeding  by 

bsad?    We  cannot  resist  loving  him  for  Us  attachment  to  these  little, 

tkinking  bf*tfig&     He  meditated  long  over  one  decisive  experiment — 

aoiUag  leas  than  the  question  of  setting  two  colonics  of  ants  at  war 

01  die  floor  of  his  study.     He  hesitated  and  lingered  to  awake  the 

mmu  heUi  which  should  be  the  signal  of  slaughter ;  he  devised  pre- 

isnt  to  adjourn  the  dreadiul  scene.     "  I  thought  over  this  experiment 

Jbralomg  time,**  he  says,  **and  I  constantly  postponed  it,  because  I 

kad  irrciwu  to  be  very  fond  of  my  captives."     This  recalls  one  of 

RiMmor^i  sayings.     He  observes  mth  what  celerity  humble-bees  re- 

MA  iheir  n^st  of  mos8  after  it  has  been  opened  to  examine  tbe  in- 

iiiC|  aa  iBlniS'  '     '     "  -^e  insects  allow  much  more  patiently  than 

do,  !  -^ :  "  If  the  raoss  from  above  is  thrown  down 
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pretty  near  to  the  foot  of  the  nest,  as  one  would  natorally  do  without 
even  thinking  that  it  ought  to  be  done  to  save  the  insects  some  trouble, 
they  very  soon  busy  themselves  with  putting  it  back  in  its  place.''  To 
save  the  insects  some  trouble !  What  a  love  for  Nature  the  eighteenth 
century  had,  and  how  differently  things  are  done  nowadays!  Our 
entomologists  study  their  ant-hills  spade  in  hand ;  a  stroke  of  the  pick 
into  the  mysteries  of  that  underground  dwelling  costs  their  feverish 
passion  for  inquiry  nothing,  and  yet  what  a  spectacle  rewards  such 
barbarity  I  If  the  spade  uncovers  a  house  of  tawny  ants  ( Formica 
fused)  ^  we  see  under  the  arched  top  a  labyrinth  of  low  rooms,  of  gal- 
leries and  passages,  which  penetrates  the  ground  and  leads  to  spacious 
chambers  full  of  nymph»  in  their  cocoons,  or  of  larvse  almost  as  mo- 
tionless. That  ant,  larger  than  the  others,  which  is  busily  coming  and 
going,  is  a  female ;  for  the  common  ants,  the  workmen,  have  no  sex ; 
naturalists  call  them  neuters.  The  female  lays  eggs,  and  some  work* 
ers,  surrounding  her,  take  these,  one  by  one,  and  pile  them  in  little 
heaps.  The  worms,  when  hatched,  would  perish  without  the  workers, 
being  able  only  to  lift  their  heads  to  show  their  want  of  food ;  a  work- 
er comes  up  and  lets  them  take  from  between  its  mandibles  such  nour- 
ishing juices  as  it  has  brought  from  its  quest  in  the  fields.  When  the 
hour  comes  for  carrying  all  these  papooses  into  the  sun,  they  carry 
them  up  and  spread  them  out  on  the  arched  top.  If  the  heat  is  too 
strong,  or  if  it  rains,  they  bring  them  back  again  at  once  into  rooms 
of  suitable  temperature.  When  the  time  of  their  transformation  comes, 
the  larva  has  spun  itself  a  cocoon,  but  is  quite  unable  to  get  out  of  it 
alone.  It  is  the  duty  of  the  workers  again  to  extract  it ;  they  cut  the 
silk,  tear  the  shell,  release  the  weak,  new-grown  creature,  and  then  the 
old  empty  cocoons  are  stored  away  in  a  remote  chamber.  Thus  are 
produced  males,  females,  and  neuters.  The  males  and  females  fiy  off; 
some  females  will  come  back  to  lay  eggs  in  the  ant-hill ;  the  neuters 
do  not  leave  it.  As  soon  as  they  have  gained  a  little  strength,  they 
set  about  all  those  labors  that  instinct  teaches  them — ^the  repair  and 
keeping  in  order  of  the  ant-hill,  inside  and  without,  carrying  of  useful 
materials,  pursuing  plant-lice,  and  gathering  stores  of  all  kinds.  As- 
suredly, these  instincts  alone  are  very  wonderful ;  but  there  remains 
still  another  to  be  spoken  of,  peculiarly  conferred  on  certain  species, 
and  which  is  indisputably  the  highest  of  all  those  we  know  among 
animals. 

Peter  Huber  discovered  it  on  the  afternoon  of  the  17th  of  June, 
1804.  The  date  is  a  memorable  one  for  biology.  He  was  walking  in 
the  environs  of  Geneva,  between  four  and  five  o'clock  in  the  evening, 
when  he  saw  a  regiment  of  great  red  ants  crossing  the  road.  They 
marched  in  good  order,  with  a  front  of  three  or  four  inches,  and  in  a 
column  eight  or  ten  feet  long.  Huber  followed  them,  crossed  a  hedge 
with  them,  and  found  himself  in  a  meadow.  The  high  grass  plainly 
hindered  the  march  of  the  army,  yet  it  did  not  disband ;  it  had  its  ob- 


jeci^  aiid  reiiched  it.     This  was  the  nest  of  another  species  of  ants, 

hbdpflb-graf  ones,  whose  hill  rose  in  the  grass  twenty  steps  from  the 

liedge.     A  few  blackiuh-gray  ones  were  scattered  about  the  hill ;  as 

soon  as  these  perceived  the  enemy,  they  darted  upon  the  strangers, 

while  others  biury  into  the  galleries  to  give  the  alarm.     The  besieged 

tula  come  oat  in  a  body.     The  assailants  dash  upon  them,  and,  after  a 

very  short  but  very  spirited  struggle,  drive  the  black-gray  ones  back 

lotbi  bottom  of  their  holes.     One  army  corps  presses  after  them  into  the 

glUcnes,  while  other  groups  labor  to  make  themselves  an  opening  with 

Ikir  teeth  into  the  lateral  parts  of  the  hilL    They  succeed,  and  the 

remainder  of  the  troop  makes  its  way  into  the  besieged  city  by  the 

breach.    Peter  Eluber  had  seen  battles  and  exterminations  of  ants  be* 

^J^G  this ;  he  supposed  they  were  slaughtering  each  other  in  the  depths 

^Hf  the  caverns.     What  was  his  amazement^  after  three  or  four  minutes, 

^H||^lifi  8JIW  the  assailants  issue  hurriedly  forth  again,  each  holding 

^■BtoD  iU  maQdiblea  a  larva  or  a  nympha  of  the  conquered  tribe ! 

Ik  aggressors  took  exactly  the  same  road  again  by  which  they  had 

eomt,  passed  through  the  hedge,  crossed  the  road,  at  the  same  place, 

aftdnuide  their  way,  still  loaded  with  their  prey,  toward  a  field  of  ripe 

grain,  into  which  the  honest  citizen  of  Geneva,  respecting  another's 

l&iopeny,  refrained,  with  regret,  from  following  them, 

1   Tbis  expedition,  worthy  of  the  annals  of  barbarian  piracy,  inspired 

■bber  with  an  amazement  easy  to  understand.     He  examined,  and 

EbeofM^d,  to  his  great  surprise,  that  some  ant-hills  were  iuhabited  in 

ooffloioQ  by  two  kinds  of  aots,  forming  two  castes.     He  designates 

^hC  these  by  the  name  of  ^^amazon  or  legionary  ants;    a  name 

H^i^  taggesting  their  martial  character,^'  he  says.     The  others  he 

iNli,  f  ery  justly,  "  auxiliaries*"     The  amazons  do  not  work ;  their  duty 

'vSgbltiig  and  carrying  off  the  nymph^e  and  larvje.    They  choose  the 

lour  toward  sunset  for  iheir  warlike  raids  against  the  industrious  and 

pneeable  tribes  of  the  neighborhood.     Whenever  the  weather  is  fine, 

^If  sally  out  thuSf  and  levy  their  tribute  of  flesh.     The  auxiliaries, 

■rttifir  part)  are  employed  in  all  internal  duties^  and  in  keeping  up 

htorpairing  the  dwelling.      They  alone  open  and  close  the  entrances 

Pdie  ant-hill,  night  and  morning;  they  alone  (in  the  species  observed 

If  P.  Huber)  go  after  provisions,  for  they  ft?cd  the  whole  establish- 

■mi^  even  the  legionaries,  which  are  idle  except  when  on  their  forays  ; 

pKy  rear  with  equal  care  the  larvse  of  the  legionaries  and  those  that 

ire  itolcn ;  they  alone,  in  fine,  seem  to  decide  upon  the  material  inter* 

pti  of  the  community,  the  requisite  enlargements,  the  need  of  eraigra- 

pm,  and  the  place  suitable  for  it.     Peter  Hnber  made  one  experiment 

ktibowa  very  plainly  the  absolute  dependence  of  the  amazons  upon 

ma  aMOcmtes.     These  fierce  warrioi-s  do  not  understand  any  house- 

Pd  work,     Httber  put  thirty  amazons  into  a  glazed  drawer,  covered 

on  the  bottom^  with  a  certain  number  of  larvse  and  of 

both  of  their  own  kind  and  of  the  auxiliary  species.     A  little 

vol-  m.— a 
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honey  in  a  comer  was  provided  for  the  support  of  tbe  colony.  At  first, 
the  Htnazons  seemed  to  pay  some  attention  to  the  larva?,  carrying  them 
abotit  here  and  there,  but  they  eoon  left  them.  Tliey  did  not  know 
how  to  provide  themselves  with  food*  At  the  end  of  two  days  some 
had  already  died  of  hunger  elose  alongside  the  honey-drops,  all  were 
languishing,  and  they  had  not  even  built  a  chamber.  **  I  was  sorry  for 
them,*'  says  Iluber.  He  put  an  auxiliary  into  the  drawer.  This  soli- 
tary one  restored  order,  made  a  house  in  the  earth,  gathered  the  larvs 
into  it,  released  several  nymph je  of  both  kinds  that  were  ready  to  leave 
the  cocoon,  and  at  last  saved  the  lives  of  those  among  the  amaisons  that 
still  had  breath. 

Peter  Ilober  reframs  from  any  comments  in  describing  all  these 
wonders;  he  leaves  each  one,  as  he  says,  at  liberty  to  draw  any  con* 
elusions  he  pleases.  This  one  conclusion  is  inevitable:  We  do,  tben, 
tiud  among  animals  artificial  societies,  communities  of  beings  strangers 
in  race,  yet  living  together,  contributing,  toward  oue  common  end,  their 
diSerent  qualities  and  their  individual  eibrts.  The  hive  is  always  one 
family  only.  A  mixed  ant-hill  is  inhabited  by  individuals  belonging 
to  species  at  least  as  different  as  the  horse,  the  ass,  the  zebra — so  dif- 
ferent sometimes  that  zoologists  have  classed  them  in  distinct  genen 
{ Pol i/erff Its  formica).  Like  provinces  subject  to  the  same  form  of 
government,  every  ant-hill  has,  nevertheless,  its  local  history,  explained 
by  external  circumstances,  by  conditions  of  neighborhood  and  boundary. 
Each  one  has  only  the  principle  of  its  organization  in  common  with 
the  rest.  The  same  legionaries  have  sometimes  one  species  of  aaxilia- 
ries  and  sometimes  another,  the  black-grey  or  the  mason  ant,  which- 
ever is  within  their  reach,  sometimes  both  together;  or  thero  may  be 
two  kinds  of  legionaries,  the  "polyergus"  and  the  dark-red,  living  in 
the  same  hill,  with  one  or  two  species  of  auxiliaries.  Some  naturalisti, 
Darwin  among  others,  call  these  frankly  **  slave-holders,"  and  the  others 
"slaves.*'  These  names  are  unfair*  We  must  guard  against  any  mis- 
take as  to  the  very  peculiar  nature  of  the  relations  existing  betweea 
the  two  castes.  Each  fills  a  special  part  in  the  community,  and  nei- 
ther exercises  control  or  despotism  in  it.  If  the  association,  at  the 
outset,  rests  on  violence  and  abduction,  nothing  has  ever  given  rise  to 
a  suspicion  that  there  is  anything  else  in  a  mixed  ant-hill  than  a  colleo^ 
tion  of  individuals  kept  together  by  special  instincts.  These  names 
of  "slavery"  and  "republic,"  applied  to  such  a  form  of  life,  are  quite 
void  of  meaning.  Any  allusion  to  politics,  to  systems,  or  doctrines  of 
equality,  is  wholly  out  of  place  here ;  biology  aloue  has  the  right  of 
giving  a  name  to  a  social  state  which  is  its  peculiar  subject  of  study; 
this  territory  belongs  to  it  alone,  i 

We  have  selected  these  instances  because  they  furnish  the  most 
striking  proof  both  of  the  perfection  that  instinct  may  reach,  and 
of  the  degree  of  intelligence  of  which  animals  are  capable  which  are 
placed  by  their  nature  at  an  immeasurable  distance  from  man,    Peter 
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Kuber  did  not  clearly  draw  the  distinction,  Dor  could  he  do  so  iti  his 

00^1  between  that  which  is  instinct  and  that  which  is  the  share  of  in- 

ItflBgence  in  those  acts  which  he  witnessed.     It  is  clear  that  these  two 

■rderg  of  faculties  are  constantly  combined.     It  is  by  reason  of  their 

krfeetioii  in  instinct  that  intelligence  appears  so  clearly  in  these  little 

feoaga.     The  construction  of  the  ant-hill  is  an  act  of  instinct ;  the 

Iboice  and  distribution  of  its  materials  partake  of  intelligence*     A 

BioasaDd  trzuts  reveal  the  thought  which  perccivesj  deliberates,  wills, 

kecittes.     We  may  cite  the  observed  fact  of  a  crowd  of  ants  dragging 

with  great  effort  a  beetle's  wing  toward  their  hole.     The  opening  is 

too  smalt,  the  wing  will  not  go  in.     The  workers  drop  it  a  moment, 

tear  down  a  piece  of  the  wall,  and  renew  their  attempt.     Some  push 

it  from  outside,  others  drag  it  from  withiiu     Fruitless  effort !     The  au- 

perb  spoil,  which  will  make  an  entire  ceiling,  will  not  pass  yet;  they 

drop  it  once  more ;  the  breach  is  widened,  and  the  wing  at  last  is 

iwallowed  up  in  the  cavern,  where  perhaps  ten  partitions  must  be  torn 

down  to  carry  it  to  the  proper  place*     The  wing  once  got  in,  they  ro- 

build  the  wall,  and  restore  its  former  dimensions  to  the  entrance.     Wo 

camtot  cite,  in  the  case  of  monkeys  watched  in  captivity  in  menageries, 

i  riagle  instance  so  clearly  showing  deliberation  and  common  judg- 

meaL 

The  social  phenomena  presented  by  the  higher  animals  are  unfor- 
timately  very  little  known.     We  know  scarcely  any  thing  of  what  goes 
dn  m  a  habitation  of  beavers ;  we  know  nothing  of  the  habits  of  the 
republican  sparrow,  which  builds  a  city  for  its  nest ;  the  insect  com- 
munities are  the  most  perfect  ones  that  have  been  studied  hitherto.     So 
600B  as  a  society  exists,  there  are  understanding  and  concurrence  of  all 
at  every  monl^nt  to  reach  a  definite  object.     No  zoologist  now  doubts 
lat  insects  of  the  same  species  may  communicate  with  each  other, 
idcr  Certain  circumstances,  by  a  language  of  which  the  methods  elude 
Btanchard  says  of  the  ant:  "  It  has  its  ideas,  and  communicatei 
;**  but  a  singular  detail  of  the  history  of  the  sacred  scarabee 
ibowfl  this  still  more  clearly.     The  female,  as  we  know,  wraps  up  her 
ii«wly-]aid  egg  in  a  ball  of  manure,  the  nourishment  for  the  coming 
grab*     The  point  now  is  to  transport  the  ball  into  a  suitable  place, 
it  may  be  buried.     The  insect  rolls  along,  with  its  hind-claws, 
necessary,  hoists  with  its  head,  this  little  w^orld,  in  which  the 
M  found  an  emblem  for  their  myths.     Sometimes  the  journey 
pretty  long;  the  ball,  lifted  to  the  ridge  of  a  mole-hill,  rolls  down 
er  side,  and  so  much  is  gained.     But,  if  a  rut  or  a  crevice  is 
itered,  the  precious  globe  drops  to  the  bottom,  and  would  be 
liopeleAftly  lost  if  the  scarabee  had  only  its  own  strength  to  depend  on 
for  mounting  that  steep  wall     It  struggles  in  vain,  and  begins  again 
twenty  times  over;  at  last  it  seems  to  desert  its^  load,  and  tlies  oC 
Wail  and  watch ;  after  a  little  while  you  will  see  the  insect  coming 
hsckf  but  not  ilone  now.    It  is  followed  by  two,  three,  four,  five  com- 
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panioos,  which  all  drop  down  into  tho  place  pointed  out,  combine  their 
EedbrtB,  drag  oat  the  ball,  and  set  it  on  its  path  again«     What  did  the 
Scarabee  say  to  its  comrades  ?  how  did  it  make  itself  undcratood  ? 
how  did  it  bring  them  back  wiih  it  ?    It  is  not  possible  to  make  any 
poisitiire  answer  to  these  qoestions ;  what  is  beyond  dispute  is,  that 
'Ihere  was  in  this  case  a  concert  of  inlselligences  knowing  how^  to  under- 
stand each  other  and  to  come  together.     Nothing  more  is  needed  for 
the  assertion  that  the  insect  juijges^  wills,  and  perhaps  speaks,  a  lan- 
guage of  which  we  know  as  yet  neither  the  signs  nor  the  organs, 

Covier,  then,  was  in  error  when  he  announced  that  instinct  in  ani- 
mals is  in  an  inverse  ratio  to  their  intelligence.  The  contrary  seems 
rather  to  be  true,  and  it  is  at  least  probable  that  in  those  intclligencefl 
of  insects  which  feel,  will,  understand,  deliberate,  there  are,  on  a  finer 
scale,  differences  similar  to  those  we  remark  in  the  higher  animals, 
Tho  faculty  is  common  to  all,  but  with  shades  as  marked  among  the 
wild  beasts  of  menageries  as  among  our  domestic  animals.  One  is 
cross,  and  another  jealous ;  this  one  is  good-tempered,  that  other  quar- 
relsome, faithful  to  the  house,  or  a  vagabond  in  the  streets — all  are 
more  or  less  intelligent.  In  the  lower  animals  these  differences  have 
not  been  as  closely  observed  ;  in  the  first  place,  they  are  probably  lesa 
distinctly  marked,  and  in  any  case  they  are  much  more  difiicult  to  ob- 
serve for  reasons  of  all  kinds.  The  small  size  of  the  being,  its  life 
wholly  alien  to  our  own,  the  predominance  of  instinct,  are  all  so  many 
impediments ;  but,  on  the  other  hand,  the  acts  we  see  them  perform 
under  our  very  eyes,  the  admitted  existence  of  faculties  that  may  be 
\  compared  with  our  own,  and  those  of  a  relatively  high  order»  aJlow 
'  of  very  little  doubt  that  not  only  do  insects  possess  a  remarkably-de- 
veloped intelligence,  but  that  this  intelligence  presents,  in  consequenee 
:  of  its  very  development,  individual  variations,  just  as  in  the  higher 
^  animals. 

This  is  already  a  great  advance  upon  Descartes,  whose  strange 
theory  no  one  at  this  day,  that  we  are  aware  of,  undertakes  to  defend ; 
but  this  is  not  all — a  new  step  has  been  taken  in  these  later  times.  We 
I  are  beginning,  with  our  better  knowledge,  to  ask  whether  those  intellec- 
'  tual  and  instinctive  faculties,  arranged  by  Cuvier  in  two  parallel  series, 
may  not  have  some  common  bond,  so  that  one  would  flow  from  the  other, 
and  instinct,  after  all,  be  definitely  a  product  of  iistelHgence,     The  qaa> 
tion  has  its  importaDce.     Instinct  would  then  no  longer  be  one  of 
[those  essential  properties  of  living  beings  which  absolutely  elude  our 
^  comprehension,  such  as  thought  in  the  brain,  contraction  in  the  mus- 
cles, the  electricity  of  the  eel,  or  the  gleam  of  the  glow-worm ;  it 
would  be  accessible,  like  all  dependent  phenomena,  to  our  processes  of 
experiment  and  investigation. 

Darwin  is  entitled  to  the  credit  of  having  takeu  tho  question  into 
this  entirely  new  region.  This  bold  attempt  to  found  the  scientific 
study  of  instinct  is  found  rather  indefinitely  in  the  "  Origin  of  Spe- 
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ctes^**  Barwin  doc^8  not  enter  on  tte  problem  with  deliberate  purpose 
fts  E  physiologist.  He  continues  to  be  what  he  ib  in  the  whole  work, 
the  zoologist,  exclusively  occupied  with  his  great  theory  :  he  foresees 
and  meets  objections  ;  he  has  particularly  anticipated  those  that  might 
be  brought  against  him  in  the  name  of  instinct ;  and  he  gives,  in  a 
few  pages,  a  more  complete  study  of  instinct  than  any  philosopher  had 
made  before  him,  and  the  first  study  ever  made  by  aid  of  experi- 
ment. He  ignores  instinct  as  an  essential  property,  and  treats  it  as  a 
function — ^that  is,  he  explains  it.  Instinctj  as  he  holds,  is  nothing  but 
a  result  from  the  intellectual  faculties,  properly  so  called,  modified 
in  a  particular  way  under  the  twofold  power  of  habit  and  inherited 
in^ueoce. 

Inherited  tendency,  like  intelligence,  is  one  of  those  properties  pe- 

enliAT  to  living  beings  of  which  we  can  prove  the  existence,  while  its 

|]»nncip!e  completely  and  absolutely  baffles  investigation*     When  we 

attempt  to  pierce  the  mystery  by  which  the  plant  that  springs  from 

the  eeed,  the  bird  that  grows  from  the  yelk,  will  be  more  like  the  plant 

or  the  bird  it  proceeds  from  than  like  any  other^  we  confront  the  ira* 

^oetrable  unknown.      Hereditary  tendency  does  not   merely  carry 

lown  from  one  generation  to  another  all  the  imaginable  modifications 

form,  size,  coloring ;  it  extends  to  the  cerebral  faculties,  transmitted 

I  doubtless  by  the  help  of  some  physical  peculiarity  of  the  organ  of  in* 

I'telligence.     This  is  what  is  called  the  spirit  of  race,  which  decides  that 

lie  shall  be  bom  brave  and  crafty,  like  the  Greeks  of  Homer; 

i'»us,  like  th^  Chinese  ;  traders,  like  the  Jews  ;  or  hunters,  like 

Khe  red-skin.     This  is,  if  we  choose  to  term  it  so,  a  kind  of  instinct 

ttb»t  education  sometimes  allows  us  to  control,  but  never  eradicates. 

pA«  the  Wolf,  fattened  in  the  kennel,  ends  by  going  back  to  his  wretched 

[life  of  the  woods,  the  child  of  a  savage  reared  in  the  midst  of  civiliza- 

[tion  preserves  in  his  mind,  as  upon  his  features,  the  deep,  hereditary 

litaiiip  of  bis  origin.     Habit,  almost  as  much  as  hereditary  tendency, 

h  another  mysterious  faculty  which  we  recognize  without  being  able 

ID  explain  it.     Some  act,  most  difBcuIt  in  appearance,  which  required 

on  the  part  of  our  brain  a  considerable  effort  of  will  and  all  our  mental 

activity,  at  last  surprises  us  by  almost  performing  itself.     We  might 

•ay  that  attention  and  reflection  have  gone  down  into  our  limbs,  which 

peHbrm  the  most  delicate  tasks,  and  protect  themselves  against  attacks 

from  without,  while  the  mind,  occupied  with  sometliing  else,  is  pur* 

mug  a  different  object, — Revue  des  Deux  Mondes* 
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THE  DrXJTRIXE  OF  NATURAL  SELECTIOX." 

Bt  ALFRED  B.  WALLACE. 

"'Vrr/mTTHSTAXDIXG  the  objections  which  are  still  made  to  the 
-LN  theory  of  Natural  Selection,  on  the  groond  that  it  is  either  a 
pure  hy  [Kithesis  not  founded  on  any  demonstrable  facts,  or  a  mere  truism 
which  can  lead  to  no  useful  results,  we  find  it  year  by  year  sinking 
d4;efH;r  into  the  minds  of  thinking  men,  and  applied,  more  and  more 
frc'juently,  to  elucidate  problems  of  the  highest  importance.  In  the 
works  now  before  us  we  have  thb  application  made  by  two  eaiinent 
writers,  one  a  politician,  the  other  a  naturalist^  as  a  means  of  working 
out  so  much  of  the  complex  problem  of  human  progress  as  more  espe- 
cially interests  them. 

Mr.  Dagehot  takes  for  granted  that  early  progress  of  man  which 
resulted  in  his  separation  into  strongly-marked  races,  in  his  acquisition 
of  language,  and  of  the  rudiments  of  those  moral  and  intellectual 
faculties  which  all  men  possess ;  and  his  object  is  to  work  out  the  steps 
by  which  ho  advanced  to  the  condition  in  which  the  dawn  of  history 
finds  him — aggregated  into  distinct  societies  known  as  tribes  or  na- 
tions, subject  to  various  forms  of  government,  influenced  by  various 
boliefH  and  prejudices,  and  the  slave  of  habits  and  customs  which  often 
seem  to  us  not  only  absurd  and  useless,  but  even  positively  injurious. 
Now,  every  one  of  these  beliefs  or  customs,  or  these  aggregations  of 
mm  into  groups  having  some  common  characteristics,  must  have  been 
UHoful  at  the  time  they  originated ;  and  a  great  feature  of  Mr.  Bage- 
hot^s  little  book  is  his  showing  how  even  the  most  unpromising  of 
those,  as  we  now  regard  them,  might  have  been. a  positive  step  in  ad- 
vance when  they  first  appeared.  Ilis  main  idea  is,  that  what  was 
wanted  in  those  early  times  was  some  means  of  combining  men  in  so- 
cieties, whether  by  the  action  of  some  common  belief  or  common 
danger,  or  by  the  power  of , some  ruler  or  tyrant.  The  mere  fact  of 
t>l)edienoo  to  a  ruler  was  at  first  much  more  important  than  what  was' 
done  by  means  of  the  obedience.  So,  any  superstition  or  any  custom, 
even  if  it  originated  in  the  grossest  delusion,  and  produced  positively 
bad  results,  might  yot,  by  forming  a  bond  of  union  more  perfect  than 
any  other  then  existing,  give  the  primitive  tribe  subject  to  it  such  a 
relative  advantage  over  the  disconnected  families  around  them  as  to 
load  tt>  their  increase  and  permanent  survival  in  the  struggle  for  ex- 

1  **  ThTniM  and  PoHtton;  Of^  ThooghU  on  the  Application  of  the  Principles  of  *  Kat- 
urftl  Selection  *  and  '  Inheriunco  *  to  Political  Society.**  By  Walter  Bagehot  (King  ft 
To.,  18T1) 

*'  11iiitoir«  dea  Sciences  ei  dea  Sarantii  dcpuis  deux  S^c1e^  BniTie>(3*antre8  Etudes  sor 
W  S«\jeU  ScicntiAqnea,  en  parilcnlier  aar  la  Selection  dans  TEap^  HamainoL**    Par  Al- 

'4e  de  CandoQe.    (Qm^tc  :  H.  G«org,  IS7S,) 
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Utence,  In  lliose  early  days  war  was  perliaps  the  most  powerful 
ineaas  of  forcing  men  to  combined  action,  and  migbt  tberefore  have 
been  necessary  for  the  ultimate  development  of  civilization.  Freedom 
of  opinion  was  then  a  positive  evil,  for  it  would  lead  to  independent 
action,  the  very  thiag  it  was  most  essential  to  get  rid  of.  In  early 
times  isolation  was  an  advautagCjin  order  that  these  incipient  societies 
^flght  not  be  broken  up  by  intermixture,  and  it  was  only  after  a  large 
liamber  of  such  little  groups,  each  with  its  own  idiosyncrasies,  habits, 
md  beliefs,  had  been  formed,  t)iat  it  became  advantageous  for  them  to 
meetlo  intermingle  or  to  struggle  together,  and  Ibe  stronger  to  drive 
out  or  exterminate  the  weaker.  Out  of  the  great  number  of  petty 
tribes  tbiia  formed,  only  a  few  had  the  qualities  which  led  to  a  further 
iMlvanccnicnt,  The  rest  were  either  exterminated  or  driven  out  into 
remote  and  inaccessible  or  inhospitable  districts,  and  some  of  those 
are  the  "savages"  which  still  exist  on  the  earth,  serving  as  a  measure 
of  the  vast  progress  of  the  human  race.  Yet  even  these  never  show 
08  ibe  condition  of  the  primitive  man  ;  they  are  m^n  who  advanced  up 
to  a  certain  point  and  then  became  stationary : 

" Their  prog:res9  was  arrested  at  varioaa  points;  bat  nowhere,  not  even  in 
the  bill-tribes  of  India,  not  evon  in  the  An^laman  Islands,  not  even  in  tlio  sav> 
iigeiof  Terra  del  Faego,  do  w©  find  men  who  have  not  got  sonie  way^  Ther 
bsTimade  their  little  progress  in  a  hundred  different  wajs;  the/  fjave  framed 
with  infinite  assiduity  a  hundred  curious  habits ;  they  have,  so  to  say,  serened 
themselves  into  the  uncomfortable  comers  of  a  complex  life,  which  is  odd  and 
drttry,  but  yet  is  possible.  And  the  coMiors  are  never  the  same  in  tmj  two 
of  the  world.  Our  record  beijrins  with  a  thousand  unchanging  edifices, 
illihowB  traces  of  previous  hnilding.  In  historic  times  there  has  been  but 
progress,  in  prehistoric  times  there  must  have  been  mnoh/' 

Again  our  author  shows  how  valuable  must  have  been  the  iastitu- 
lion  of  caste  in  a  certain  stage  of  progress.  It  established  the  divis- 
ion of  labor,  led  to  great  perfection  in  many  arts,  and  rendered  gov- 
ernment easy.  Caste  nations  would  at  first  have  a  great  advantage  ■ 
over  non-caste  nations,  would  conquer  them,  and  increase  at  their  ei- 
pense.  But  a  caste  nation  at  last  becomes  stationary  ;  for  a  habit  of 
sction  and  a  type  of  mind  which  it  can  with  difficulty  get  rid  of  are 
established  in  each  caste.  When  this  is  the  case,  non-caste  nations 
Boan  catch  them  up,  and  rapidly  leave  them  far  behind. 

This  outline  will  give  some  idea  of  the  way  in  which  Mr.  Bagehot  dis- 

an  immense  vaiiety  of  topics  connected  with  the  progress  of  so- 

ties  and  nations,  and  the  development  of  their  distinctive  peculiarities. 

e  b<jok  is  somewhat  discursive  and  sketchy,  and  it  contains  many 

Icmeuts  and  ideas  of  doubtful  accuracy^but  it  shows  an  abundance 

ingenious  and  original  thought.     Many  will  demur  to  the  view  that 

re  accident  and  imitation  have  been  the  origin  of  marked  national 

rities;   such   as   those  which    difitinguish   the   German,   Irish, 

h,  English,  aad  Yankees ;  **  The  accident  of  some  predominant 
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perflOQ  possessing  certain  pecaliarities  set  the  fashion,  and  it  has  been 
imitated  to  this  day."  And  again  :  **  Great  models  for  good  or  evil 
sometimes  appear  among  men  who  follow  them  cither  to  improvement 
or  degradation.*-  This  is  said  to  be  one  of  the  chief  agents  in  *' na- 
tion-making/* but  a  much  better  one  seems  to  be  the  affinity  of  like 
for  like,  which  brings  and  keeps  together  those  of  like  morals,  or  reli- 
gion, or  social  habits  ;  but  both  are  probably  far  inferior  to  the  long* 
cx>ntinued  action  of  external  Nature  on  the  organism,  not  merely  as  it 
acts  in  tlie  country  now  inhabited  by  the  particular  nation,  but  by  its 
action  during  remote  ages  and  throughout  all  the  migrations  and  in- 
termixtures that  our  ancestors  have  ever  undergone.  We  also  find 
many  broad  statements  as  to  the  low  state  of  morality  and  of  intel- 
lect in  all  preliietoric  men,  which  facts  hardly  warrant,  but  this  is  too 
wide  a  question  to  be  entered  upon  here.  In  the  concluding  chapter, 
"  The  Age  of  Discussion,"  there  are  some  excellent  remarks  on  the 
restlessness  and  desire  for  immediate  action  which  civilized  men  in- 
herit from  their  savage  ancestore,  and  how  much  it  has  hindered  trne 
progress  J  and  the  following  passage,  with  which  we  will  conclude  the 
notice  of  Itir,  Bagehot's  book,  might  do  much  good  if,  by  means  of 
any  skilful  surgical  operationj  it  could  be  firmly  fixed  in  the  minds  of 
our  legislators  and  of  the  public : 

**If  It  had  not  be<?n  for  quiet  people,  who  sat  still  and  studied  the  soctiocs 
of  the  coDo ;  if  other  pcoplo  bad  not  sat  still  and  worked  out  the  doctrine  of 
chances,  the  raoflt  '  dreamy  moonshine,'  as  the  ptirely  practical  mind  would  con- 
eider,  of  all  human  pursuits;  if  4d]e  star-gazers^  had  not  watched  long  anil 
carefallj  the  motions  of  the  heavenly  bodies — our  modern  astronomy  would 
have  been  impoBsible;  and,  without  astronomy,  *our  shipti)  our  colonies^  our 
teamen,^  all  that  makes  inodorn  life,  could  not  have  existed.  Age9  of  quiet, 
•edentory,  thinking  people  were  required  before  that  noiay  existence  bcgaji,  and 
without  those  pale,  pr^jlirainarj  fitudouts  it  nerer  could  have  been  brought  Into 
being.  And  n mo-tenths  of  modern  science  is,  in  this  respect,  the  same ;  it  is 
the  produce  of  men  whom  their  coatomporariea  thought  dreamers — who  were 
laughed  at  for  caring  for  what  did  not  concern  them — who,  a*?  the  proverb  went, 
*  wdked  into  a  well  from  looking  at  the  stars  ^ — who  were  believed  to  be  n»e* 
leas,  if  any  one  could  be  such.  And  the  coucltision  is  plain  that^  if  there  had 
been  more  such  people ;  if  the  world  had  not  laughed  at  those  there  were ;  if, 
rather,  it  had  encouraged  them— there  would  have  been  a  great  accumalation 
of  proved  science  ages  before  there  was.  It  was  the  irritable  activity,  *  the  wish 
to  be  doing  something/  tiiat  prevoated  it.  Most  men  inherited  a  nature  too 
eager  and  too  restless  to  find  out  thingB;  and,  even  worse — with  their  idle 
clamor  they  *  disturbed  the  brooding  ben,-  they  would  not  let  those  be  quiet 
who  wished  to  be  so,  and  out  of  whose  calra  thought  much  good  might  have 
f  ome  forth.  If  we  consider  how  much  good  science  has  done,  and  how  maeh 
it  is  doing  for  mankind,  and,  if  the  over-activity  of  men  is  proved  to  be  the 
cause  why  science  came  so  late  into  tbo  world,  and  ia  so  small  and  scanty  stilly 
that  will  convince  most  people  that  our  over-activity  ia  a  very  great  evih^* 

In  the  second  work,  of  which  we  have  given  the  title,  the  veteran 
f        tniat,  Alphonec  de  Candolle,  sets  forth  hia  ideas  on  many  subjects 


THE  DOCTRINE  OF  NATURAL   SELECTION.        25 


E 


not  immcdiatdy  connected  with  tho  acieuce  in  which  he  is  so  great  an 
ithorilv.  The  most  imijortant,  though  not  the  longest,  essay  in  the 
olume  U  that  on  '*  Sel^tion  in  the  Human  Race,*'  in  which  he  arrives 
»t  some  results  which  differ  considerably  from  those  ol*  previous 
writers.  In  a  section  on  '*  Selection  in  lluman  Societies  or  Nations," 
ve  find  a  somewhat  novel  generalization  as  to  the  progress  and  decay 
of  nations.  Beginning  with  small,  independent  states,  we  see  a 
gindoal  fusion  of  these  into  larger  and  larger  nations,  sometimes  vol- 
nntary^  sometimes  by  conquest,  but  the  fusion  always  goes  on,  and 
tends  to  become  more  and  more  complete,  till  wo  have  enormous  ag- 
gregations of  people  under  one  government,  m  which  local  institutions 
gradoally  disappear,  and  result  in  an  almost  complete  political  and 
social  uniformity.  Then  commences  decay;  for  tho  individual  is  so 
Bmall  a  unit,  and  so  powerless  to  influence  the  government,  that  the 
mmaa  of  XDeo  resign  themselTea  to  passive  obedience.  There  is  then  no 
longer  any  force  to  resist  internal  or  external  enemies,  and  by  means 
of  one  or  the  other  the  "  vast  fabric  "  is  dismembered,  or  falls  in  ruins. 
The  Roman  Empire  and  the  Spanish  possessions  in  America  are  ex* 
ttiuples  of  this  process  in  the  past ;  the  Russian  Empire  and  our  Indian 
pOMCflsions  wull  inevitably  follow  the  same  order  of  events  In  a  not 
very  distant  future. 

Although  AL  de  CandoUe  is  a  firm  believer  in  Natural  Selection,  he 
lal&et  great  pains  to  show  how  very  irregular  and  uncertain  it  is  in  its 
efflbetfi.  The  constant  struggles  and  wars  among  pavagcSj  for  example, 
might  be  supposed  to  lead  to  so  rigid  a  selection  that  all  would  be 
nearly  equally  strong  and  powerftd ;  and  the  fact  that  some  savages 
are  so  weak  and  incapable  as  they  are  shows,  ho  tliinks,  that  the  action 
of  natural  selection  has  been  checked  by  various  incidental  causes. 
He  omits  to  notice,  however,  that  the  struggle  between  man  and  the 
lower  animals  was  at  first  the  severest,  and  probably  had  a  consider- 
able infiaence  in  determining  race-characters.  It  may  bo  something 
more  than  accidental  coincidence  that  the  most  powerful  of  all  savagea 
— tho  negroes — inhabit  a  country  where  dangerous  wild  beasts  most 
abound ;  while  the  weakest  of  all — the  Australians^ — do  not  come  into 
oontaet  with  a  single  wild  animal  of  ivblch  they  need  be  afraid. 

Selection  among  barbarous  nations  will  often  favor  cunning,  lying, 
tod  baseness ;  vice  will  gain  the  advantage,  and  nothing  good  will  be 
but  physical  beauty.  Civilization  is  defined  by  the  prepon- 
of  three  facts^ — the  restriction  of  the  use  of  force  to  legitimate 
defence  and  the  repression  of  illegitimate  violence,  speciality  of  pro* 
fMsioDa  and  of  functions,  and  individual  liberty  of  opinion  and  action 
under  the  general  restriction  of  not  injuring  others.  By  the  applica- 
tion of  the  above  tests  we  can  determine  the  comparative  civilisation 
of  nations  j  but  too  much  civilization  is  often  a  great  danger,  for  it 
iatvitahly  leads  to  such  a  softening  of  manners,  such  a  hatred  of 
bloodfibed,  cruelty,  and  injustice,  as  to  expose  a  nation  to  conquest  by 
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itB  more  warlike  and  less  scrupulous  neigbborB.  ProgreBs  iq  ctvilka- 
tion  must  necessarily  be  very  slow,  and  to  be  permanent  must  pcrrade 
all  classes  and  all  tLe  surrounding  nations ;  ai^l  it  is  because  past  civ* 
ilizations  have  been  too  partial  that  there  have  been  so  many  relapses 
into  comparative  barbarism*  All  this  is  carefully  worked  out,  and  is 
well  worthy  of  attention. 

In  the  last  section,  on  the  probable  future  of  the  human  race, 
have  some  remarkable  speculations,  very  different  from  the  somewhal 
Utopian  views  held  by  most  evolutionists,  but  founded,  nevertheless,  on 
certain  very  practical  considerations.  In  the  next  few  hundred  or  a 
thousand  years  the  chief  alterations  will  be  the  extinction  of  all  the 
less  dominant  races,  and  the  partition  of  the  world  among  the  three 
great  persistent  types,  tho  whites,  blacks,  and  Chinese,  each  of  which 
will  have  occupied  those  portions  of  the  globe  for  which  they  are  be^t 
adapted.  But,  taking  a  more  extended  glance  into  the  future  of  50,000 
or  100,000  years  hence,  and  supposing  that  no  cosmical  changes  occur 
to  destroy,,  wholly  or  partially,  the  human  race,  there  are  certain  well- 
ascertained  facts  on  which  to  found  a  notion  of  what  must  by  that  time 
have  occurred.  In  the  first  place,  all  the  coal  and  all  the  metab  avail* 
able  will  then  have  been  exhausted,  and,  even  if  men  succeed  in  find- 
ing other  sources  of  heat,  and  are  able  to  extract  tho  metals  thinly 
diffused  through  the  soil,  yet  these  products  must  become  far  dearer 
and  less  available  for  general  use  than  now.  Railroads  and  steam* 
fljiips,  and  every  thing  that  depends  upon  the  possession  of  large  quan- 
tities of  cheap  metals,  w  ill  then  be  impossible,  and  sedentary  agrienb 
taral  populations  in  warm  and  fertile  regions  will  be  the  best  off. 
Population  will  have  lingered  longest  around  the  greatest  masses  of 
coal  and  iron,  but  will  finally  become  most  densely  aggregated  within 
the  tropics*  But  another  and  more  serious  change  is  going  on,  which 
will  result  in  the  gradual  diminution  and  deterioration  of  the  terres- 
trial surface.  Assuming  the  undoubted  fact  that  all  our  existing  land 
is  wearing  away  and  being  earned  into  the  sea,  but,  by  a  strange  over- 
sight, leaving  out  altogether  the  counteracting  internal  forces,  which 
for  countless  ages  past  seem  always  to  have  raised  ample  tracts  above 
the  sea  as  fast  as  suba^rial  denudation  has  lowered  them,  it  is  argued 
that,  even  if  all  the  land  does  not  disappear  and  so  man  become  finally 
extinct,  yet  the  land  will  become  less  varied,  and  will  consist  chiefly 
of  a  few  flat  and  parehed-up  plains,  and  volcanic  or  coralline  islands. 
Population  will  by  this  time  necessarily  have  much  diminished,  but  it 
is  thought  that  an  intelligent  and  persevering  race  may  even  then 
prosper.  "They  will  enjoy  the  happiness  which  results  from  a  peace- 
able existence,  for,  without  metals  or  combustibles,  it  will  be  difficult 
to  form  fleets  to  rule  tbe  seas,  or  great  armies  to  ravage  the  land  ;" 
and  tbe  conclusion  is  that  **  such  are  the  probabilities  according  to  the 
actual  course  of  things."  Now,  although  we  cannot  admit  this  to  be 
»  probability  on  the  grounds  stated  by  ^i,  de  Candollo,  it  does  seem  a 
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pmtkabiUtj,  at  eome  more  distant  epocli,  on  otlier  grounds.  The  great 
deptbof  the  oceans  extend  over  wide  areas,  whereas  tho  great  lieights 
of  the  land  are  only  narrow  ridges  and  peaks ;  hence  it  has  been  eal- 
ctthted  that  the  mean  height  of  the  land  is  only  1,000,  while  the  mean 
dt'ptliof  the  sea  is  about  15,000  feet.  But  the  sea  is  2  J  times  as  cx- 
tensire  as  the  land,  so  that  the  bulk  or  mass  of  the  land  above  the  sea- 
lefd  will  be  only  about  one  thirty-seventh  of  the  mass  of  the  ocean, 
Kor,  doi*s  not  this  small  proportion  of  bulk  of  land  to  water  render  it 
highly  probable  that  the  forces  of  elevation  and  depression  should 
loOB^iiQes  cause  the  total  or  almost  total  submersion  of  tlie  land  ? 
Of  flQch  an  epoch  no  geological  record  could  be  left  because  there 
could  be  no  strata  formed,  except  from  the  debris  of  coral-islands,  and 
ftooh  a  period  of  destruction  of  the  greater  part  of  terrestrial  life  may 
bve repeatedly  occurred  between  the  period  when  the  several  Primary 
or  Secondary  formations  were  deposited.  At  all  events,  with  such  a 
proportion  of  land  and  sea  surface  as  now  exists,  with  such  a  small 
bulk  of  land  above  tho  enormous  bulk  of  water,  and  with  no  known 
aose  why  the  dry  land  rather  than  tlie  sea-bottom  should  be  con- 
^lUBlly  elevated,  we  must  admit  it  to  be  almost  certain  that  great  flue 
BinatioD!}  of  the  area  of  the  land  must  occur,  and  that,  while  those  fluc- 
Bluatioas  could  not  very  conBiderably  increase  the  area  of  the  laud  they 
V  BiigHt  immensely  diminish  it.  There  is  here,  therefore,  a  cause  for 
the  possible  depopulation  of  tho  earth  likely  to  occur  much  sooner 
thiQ  my  cosmical  catastrophe. 

The  largest  and  most  elaborate  essay  in  the  volume  is  that  on  the  * 

''History  of  the  Sciences  and  of  Scientific  Men  for  the  last  Two  Cen- 

taries."    In  this  the  author  endeavors  to  arrive  at  certain  conclusions 

M  to  the  progress  of  science  under  diflferent  conditions  and  in  different 

coBDlries,  the  influence  of  political  institutions  and  of  heredity,  and 

■     nriois  other  phenomena,  by  a  method  which  is  novel  and  ingenious. 

HPe  takes  account  only  of  the  men  honored  as  foreign  aesociates  or 

^Hnbers  by  the  three  great  European  ectentific  bodies,  the  Royal  So- 

^H^'of  London  and  the  Paris  and  Berlin  Academies.     By  this  means 

lo  tvoids  all  personal  bias,  and  secures,  on  the  whole,  impartiality. 

^»^  tables  drawn  out  by  this  method  are  examined  in  every  possible 

^VAf,aad  the  results  worked  out  in  the  greatest  detail.    The  main  con- 

^ftouon  arrived  at  is  the  determination  of  a  series  of  eighteen  causes 

Wiforable  to  the  progress  of  science;   and  it  is  shown  that  a  large 

iwoportion  of  these  are  present  in  a  considerable  degree  in  coun- 

irm  where  science  flourishes,  while  they  arc  almost  wholly  absent 

tt»  bftrbaroos  or   semi-civilized   countries  where    science    does    not 

CXiBU 

Another  intereating  essay  is  that  on  the  importance  for  sciebce  of  a 
inant  language,  and  it  contains  some  very  curious  facts  as  to  the 
bi  which  the  Snglish  language  is  spreading  on  the  Continent,   M. 

Candolle  believes  that  in  less  than  two  centuries  English  will  be 
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the  dominant  language,  and  will  be  almost  exclusively  used  in  scien* 
tific  works. 

There  are  also  short  but  very  interesting  essays  on  methods  of 
teaching  drawing  and  developing  the  observing  powers  of  chLldren,  on 
statistics  and  free-will,  and  on  a  few  other  eubjects  of  less  importance, 
all  of  which  are  treated  in  a  thoughtful  manner,  and  illustrate  one  of 
the  views  on  which  mnch  stress  is  laid  in  this  work,  viz.,  that  the 
mental  faculties  which  render  a  man  great  in  any  science  arc  not  spe- 
cial, but  would  enable  him  to  attain  equal  eminence  in  many  other 
branches  of  science  or  in  any  professional  or  political  career. — Nature. 
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Bt  HEZEKIAH  BOTTEKWOEXn,  Ebq. 


THE  ancient  leprosy,  the  red  plague,  and  the  disease  known  in  Eu- 
rope as  the  Black  Death,  have  ceased  to  afflict  mankind.  They 
seem  to  belong  to  the  evils  of  the  past ;  tbelr  banishment  is  due  to 
human  progress,  to  abetter  knowledge  of  hygiene,  and  a  clearer  under* 
standing  of  the  causes  that  develop  infection  and  produce  contagious 
and  epidemic  diseases.  It  is  an  interesting  question  to  ask,  **  AYill  not 
the  small-pox  and  the  cholera,  whose  effects  science  has  already  raodi- 
fied,  become  extinct  diseases  ?  " 

The  disease  known  as  the  black  death  made  its  first  appearance  in 
Europe  at  Constantinople  in  1347.  It  was  brought  there  from  Asia, 
probably  from  the  northern  coasts  of  the  Black  Sea.  From  Turkey  it 
gradually  spread  over  Europe,  almost  depopulating  whole  districts  as 
it  travelled  north,  Florence  was  terribly  smitten.  Boccaccio,  in  the 
preface  to  his  *'  Decameron,"  has  left  us  an  acconnt  of  the  sweeping 
destruction  of  the  Florentines  by  the  scourge,  which  one  who  reads  can 
never  forget.  From  Florence  it  travelled  into  Spain,  swept  over 
France,  and  crossed  the  Straits  of  Dover. 

It  made  its  appearance  in  England  late  in  the  snmmer  of  1348. 
From  June  to  December  of  that  year  there  was  an  almost  incessant 
fall  of  rain.  The  ground  was  continually  damp,  and  the  streams  were 
polluted  by  surface  drainage*  When  the  sun  shone,  it  was  through  a 
misty  sky,  producing  a  vapory  heat,  particularly  unhealthy  and  ener- 
vating. In  August,  a  few  cases  of  a  disease  supposed  to  be  tho  black 
death  were  reported.  In  September  the  plague  was  surely  among  the 
people.  In  November  it  reached  London,  and  from  the  capital  it  rap- 
idly spread  into  all  parts  of  the  kingdom* 

The  symptoms  of  this  terrible  disease,  which  nsnally  proved  fatal, 
were  inflammatory  boils  and  swelling  of  the  glands,  similar  to  those 
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Uut  appear  in  the  worst  eruptive  fevers,  with  black  patches  all  over 
tb«  ikin,  from  which  the  disease  received  the  name  Black  Death.  The 
pAlieat  was  next  Bcized  with  violent  vomkingb  of  blood ;  he  sometimes 
died  al  once,  and  he  seldom  survived  more  than  two  days.  It  is  stated 
ih^  toward  the  end  of  the  pestilence,  many  lives  were  saved  by  puiic- 
luriBg  the  boils. 

It  was  a  fearful  time.  The  population  of  England  and  Wales  num- 
bered probably  between  three  and  four  millions,  and  of  these  at  least 
anfrhalti  or  more  than  a  million  persons,  perished.  Stowe  says  that 
tk scourge  "so  wasted  and  spoyled  the  people  that  scarce  the  tenth 
penou  of  all  sorts  was  left  alive."  Another  old  writer  says ;  "  There 
died  an  innumerable  sort,  for  no  man  but  God  only  knew  how  many." 
loiix  months  from  January  1st  there  died  in  the  city  of  Norwich  more 
thaa  57,000  persons.  In  the  graveyard  of  Spittle  Croft,  thirteen  acres 
«f  land,  which  was  used  for  the  burial  of  the  dead,  because  the  London 
gnveyards  were  *' choke  full,'*  tliere  were  buried  60,000  persons.  Far- 
hament  was  prorogued  in  January,  on  account  of  the  plague  having 
broken  out  in  Westminster,  and  again  in  March,  on  account  of  the  in- 
cittge  of  the  disease.  On  the  10th  of  June,  1350,  an  important  public 
regolatioQ  was  made,  "  because,**  as  the  law  ran,  "  a  great  part  of  our 
people  is  dead  of  the  plague." 

Kot  only  the  people  but  the  cattle  were  infected.    The  disease  was 

liighly  contagious.     Peath  was  in  the  air.     "The  pestilential  breath 

rfthe  sick  who  spat  blood,"  says  Hecker,  "  caused  a  terrible  contagion 

far  and  near,  for  even  the  vicinity  of  those  who  had  fallen  of  the  plague 

tie  certain  death,  so  that  parents  abandoned  their  infected  children, 

tod  ill  the  ties  of  kindred  were  dissolved  I " 

Half  the  population,  or  more  tlian  a  million  souls  1     What  a  stretch 

imagination  does  it  require  to  cover  such  an  appalling  calamity  ! 

were  reduced  to  towns ;  towns  to  hamlets.    The  work  of  the 

isbandman  ceased.    The  dead  were  unburied,  and  lay  in  the  fields 

Ln  the  sun.     People  stayed  in  their  own  houses,  often  half 

and  half  famished,  waiting  for  the  destroyer  to  come. 

the  year  1604  a  similar  visitation  of  the  plague  cime  upon  Lon- 

The  dtseaso  was  perhaps  not  as  swift  and  violent  as  had  been 

black  death  three  hundred  years  before,  but  it  was  of  the  same 

eral  character.     It  broke  out  in  Drury  Lane  in  December.     It  had 

n  raging  for  a  considerable  period  in  Holland,  and  the  minds  of  the 

glish  people  had  been  filled  with  apprehension  for  months.    If  De- 

I's  oarrative  \%  true,  the  people  believed  that  they  had  supernatural 

ing»  of  the  impending  catastrophe.    The  symptoms  of  this  disor- 

were  frinular  to  the  black  death,  except  that  it  was  usually  preceded 

dimnesa  of  vision,  and  the  discolored  patches  on  the  body  were 

i,  instead  of  black.     At  the  beginning  of  the  following  summer  the 

mm  fearfully  increased.    We  may  get  an  idea  of  the  scene  at  the 

tuning  of  the  calamity,  from  some  little  incidents  recorded  in  the    ^ 
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journal  of  Pepys.  "  June  7th,"  says  this  writer,  **  was  the  hottest  that 
ever  I  felt  in  my  life.  This  day,  much  against  my  will,  did  I  see  in 
Drury  Lane  two  or  three  houses  marked  with  a  red  cross  upon  the 
doors,  and  ^  Lord,  have  mercy  upon  us ! '  writ  there — a  sad  sight  to 
me,  being  the  first  of  the  kind  I  ever  saw."  Again,  on  the  17th  of  the 
same  month,  he  says :  *'  It  struck  me  very  deep  this  afternoon,  going 
with  a  hackney  coach  down  Holbom,  from  the  Lord  Treasurer's,  I 
found  the  coachman  to  drive  easUy  and  eaaUy^  and  the  coach  stood 
still.  Ho  told  me  that  he  was  suddenly  struck  very  sick  and  almost 
blind.  I  took  another  coach,  with  a  sad  heart  for  the  poor  man,  and 
fearing  for  myself  also,  lest  he  should  have  been  struck  with  the 
plague." 

As  the  calamity  increased,  shops  were  closed,  dwellings  were  left 
empty,  and  the  public  thoroughfares  were  deserted.  The  markets 
were  removed  beyond  the  city-walls,  coaches  were  seldom  seen,  except 
when  people  were  fleeing  from  ;the  city ;  a  solemn  stillness  prevailed 
in  many  districts,  and  grass  grew  in  the  streets.  People  might 
be  heard  crying  out  of  the  windows  for  help,  but  the  cry  returned 
echoless.  Some  went  mad;  some  rushed  into  the  river,  and  ended 
their  tortures  by  suicide.  On  a  single  night  in  the  month  of  Septem- 
ber 10,000  people  died. 

Many  incidents  of  this  terrible  visitation  are  preserved,  the  best 
known  being  from  the  pen  of  Defoe.  Rev.  Thomas  Vincent  describes 
some  touching  scenes,  of  which  lie  himself  was  a  witness.  ^^  Among 
other  spectacles,"  he  says,  "  two,  methought,  were  very  affecting ;  one 
of  a  woman  coming  alone  and  weeping  by  the  door  where  I  lived, 
with  a  little  coffin  under  her  arm,  carrying  it  to  the  new  church-yard. 
I  did  judge  that  it  was  the  mother  of  the  child,  and  that  all  the  iasct^ 
ily  besides  were  dead." 

An  old  writer  thus  describes  an  impressive  scene  in  London  during 
the  reign  of  the  plague : 

"  O  Dnr^oicing  Sabbath !  not  ef  yore 
Did  thy  sweet  evenings  die  along  the  Thames 
Thus  silently.    Now,  every  sail  is  furled, 
The  oar  hath  dropped  from  out  the  rower^s  hand, 
And  on  thou  flowest  in  lifeless  migesty. 
River  of  a  desert  lately  filled  with  joy  I 
O^er  all  the  mighty  wilderness  of  stone 
The  air  is  clear  and  cloudless,  as  the  sea 
Above  the  gliding  ship.    All  fires  are  dead, 
And  not  one  single  wreath  of  smoke  ascends 
Above  the  stillness  of  the  towers  and  spires. 
IIow  idly  hangs  that  arch  magnificent 
Across  the  idle  river  I    Not  a  speck 
Is  seen  to  move  along  it.    There  it  hangs 
Still  as  a  rainbow  in  the  pathless  sky." 

~^ohn  Wilson. 
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^m  These  are  old  facts,  aud  are  generally  well  known  to  the  readers  of 
H  old  histories*  But  it  may  not  be  as  well  known  to  our  readers  that 
H  the  black  death,  or  at  least  a  most  malignant  form  of  the  true  plague, 
B    premied  in  North  America  during  the  first  part  of  the  seventeenth 

■  eeoturr,  sweeping  off  the  Indian  tribes  on  the  Atlantic  coast,  and  es- 
H   pi'cialljr  the  tribes  of  New  England,     In  the  charter  of  New  England, 

■  granted  by  James  L,  and  bearing  date  of  November  3,  1B20,  the  king 
H  states  "that  he  had  been  given  certainly  to  know,  that,  within  these 
H  late  years,  there  hath,  by  God's  visitation,  reigned  a  wonderful  plague, 
H  etc^tothe  depopulation  of  that  whole  territory,  so  that  there  is  not 
H  left,  for  many  leagues  together  in  a  manner,  any  that  do  claim  or  chal- 
H   IfiQge  any  kind  of  interest  thereim^^ 

"  **These  late  years"  seem  to  have  been  1617,  1618,  and  1619.  Its 
nrages  from  the  Narragansett  Bay  to  the  Penobscot  were  of  the  most 
fcwful  character,  constantly  destroying  one*foorth,  and,  according  to 
L  iooje  authorities,  one-thirtieth  of  the  natives.  The  old  Indians  gave  a 
B  frightfnl  account  of  it  to  the  Pilgrims,  saying  that  the  victims  had 
H  "died  Id  heaps,^'  and  that  the  disease  swept  them  off  so  rapidly  that 
H  *'  the  living  were  not  able  to  bury  the  dead." 

It  is  stated  that,  of  the  Indians  inhabiting  Patnxet,  Squanto  only 
iwnained.  Norton,  in  his  '*  New  England  Canaan  *'  (Amsterdam, 
1637),  save :  **  They  died  in  heaps,  as  they  lay  in  their  houses,  and  the 
living  that  were  able  to  shift  for  themselves  would  run  away  and  let 
Ikm  dy,  and  let  their  carkases  ly  above  the  ground  without  bnrill 
For,  in  the  place  where  many  inhabited,  there  hath  been  but  one  left 
ilire  to  tell  what  became  of  the  rest,  the  living  being,  it  seems,  not 
ibie  to  bury  the  dead.  They  were  left  for  crowes,  kites,  and  verraine, 
topray  upon«  And  the  bones  and  skulls,  upon  the  several  places  of 
their  habitation,  made  such  a  spectacle  after  my  coming  ioto  these 
parts  that,  as  I  travelled  in  that  forest  near  the  Massachusetts,  it 
«ecmed  to  me  a  new-found  Golgotha."  We  should  add  that  Mr,  Nor- 
toti  came  to  this  country  in  1622* 

Sir  Fernando  Gorges,  who  sent  a  ship  to  the  East  Atlantic  coast  at 
tlili  period,  tells  us  that,  according  to  the  reports  given  to  him,  those 
*>f  the  savages  who  had  escaped  the  wars  had  been  sore  afflicted  with 
ibe  plague :  ^  Notwithstanding,  Yine^  "  (his  navigator),  "  and  the  rest 

Pwilh  him  that  lay  in  the  cabins  with  those  people  who  died,  did  not  so 
laacb  as  feel  their  heads  ache  while  they  stayed  there." 
It  has  been  stated  that  the  tribe  of  the  Wampanoags  was  reduced 
ifom  thirty  thousand  to  a  few  hundred  people,  which  will  account  for 
the  small  number  of  tiraves  who  appeared  with  Massasoit  during  his 
early  visits  to  Plymouth.  The  Massachusetts,  a  tribe  about  as  large 
la  the  Wampanoags,  according  to  an  early  authority,  were  reduced  in 
like  proportion. 

Some  have  Supposed  that  this  disease  was  the  yellow  fever,  bccauso 
AQ  old  Indian  had  told  oae  of  the  early  historians  that  the  bodies  of 
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tlie  deceased  turned  the  color  of  his  blanket^  which  was  yellow*  But, 
in  most  allusions  to  it,  we  find  it  spoken  of  as  the  true  plague,  or  the 
pestilence  in  its  worst  and  most  destructive  fomu 

The  solitude  of  the  forest  at  this  time  must  have  been  most  solemn 
and  awe-inspiring.  Of  villages  once  populouSj  nothing  remained  but  de- 
caying huts,  tenanted  by  birds  and  beasts,  who  had  left  white  and  bare 
the  human  bones  scattered  around.  The  desolationfl  of  Athens,  of 
Constantinople,  of  Florence,  and  of  London,  were  all  unequalled  by 
the  spectacle  of  depopulation  that  has  been  presented  on  our  very 
Bhores. 

The  Indian  plague  becomes  an  interesting  fa«t  of  medical  sctence, 
since  it  has  been  supposed  that  our  climate  has  prophylactic  virtues 
which  render  the  pestilence^  that,  after  an  interval  of  centuries,  has 
Again  and  again  ravaged  Europe,  impoBsible.  We  have  strong  reason 
to  hope  that  the  progress  of  scieuco  has  baniBhcd  this  swift  minister 
of  death  from  the  civilized  races,  and  that  even  the  modified  forms  of 
the  disease  are  gradually  yielding  and  disappearing.  Still  it  is  by  no 
means  certain  that  it  may  not  come  travelling  from  the  East  again, 
and,  if  so,  we  are  no  more  protected  by  territorial  or  climatic  influ- 
ences than  the  inhabitants  of  the  Old  World,  At  least,  so  we  might 
reasonably  infer  from  this  last  fearful  but  iiiteresting  chapter  of  histoiy* 
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TO  give  readers  some  idea  of  the  contents  of  a  good  book  is  very 
often  the  most  useful  thing  a  reviewer  can  do.  Unfortunately, 
that  course  is  not  open  to  us  in  the  present  instance.  The  subject  is 
too  vast.  We  cannot  exhibit  the  grandeur;  we  can  only  in  a  few  gen- 
eral phrases  express  our  admiration  of  the  profound,  all-embracing 
philosophy  of  which  the  work  before  us  is  an  instalment.  The  doo* 
trine  of  evolution,  when  taken  up  by  Mr.  Spencer,  was  little  more  thjut 
a  crochet.  He  has  made  it  the  idea  of  the  age.  In  its  presence  other 
systems  of  philosophy  are  hushed ;  they  cease  their  strife,  and  become 
its  'fierrants,  while  all  the  sciences  do  it  homage.  The  place  that  the 
doctrine  of  evolution  has  secured  in  the  minds  of  those  who  think  for 
the  educated  public  may  be  indicated  by  a  few  names  taken  just  a3 
they  occur.  ]\tr.  Darwin's  works,  the  novels  of  George  Eliot,  Mr. 
Tylor's  ** Primitive  Culture/'  Dr»  Bastian's  "Beginnings  of  Life,"  and 
Mr.  Bagehot's  "Physics  and  Politics,"  have  hardly  aoything  in  com* 


*  •*  The  Principles  of  Fajchology/* 
D.  Appletoo  &  Co. 


In  Iwo  Totiim<».   Bj  Herbert  Spencer*   Neir  Todtt:  < 
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bat  the  idea  of  eTolation,  with  whicli  they  are  all  more  or  less 
u&boed.  In  a  word,  we  have  but  one  otber  thinker  with  whom,  in 
potnt  of  mflo^Qce  on  the  higher  thought  of  this,  and  probably  of  bcv- 
ef*l  lacceeding^  generations,  Mr,  Spencer  can  be  classed ;  it  does  not 
ncid  Sftjing  that  that  other  is  Mr,  J.  S*  Mill. 

As  we  cannot  present  such  an  outline  of  Mr.  Spencer's  system  of 

piydiology  as  would  make  it  generally  intelligible,  the  purpose  of  di- 

nctisg  altentioD  to  the  work  will  perhaps  be  best  served  by  selecting 

as  ibe  subject  of  remark  one  or  two  points  to  which  the  presence  of 

the  ooatroversial  element  may  lend  a  special  interest.     After  pointing 

om  UiAt  the  eardinal  fact  brought  to  light,  when  nervous  action  is 

leolifd  at  entirely  from  the  objective  point  of  view,  is,  that  the  amount 

iml  beterogeneity  of  motion  exhibited  by  the  various  liviBg  creatures 

AM  greater  or  less  in  proportion  to  the  development  of  the  nervous 

^fflein,  Mr,  Spencer  comes  to  the  vexed  question  of  the  relation  be- 

tvecn  norrons  phenomena  and  the  phenomena  of  consciousness.     This 

I   if  a  nbjeet  about  which,  in  its  more  subtle  aspects,  there  is  much  un- 

eataloty  and  some  confusion  of  thought.     It  may  be  taken  as  estab- 

UUied,  that  every  mode  of  consciousness  is  a  concomitant  of  some 

^broiia  change.     Giren  certain  physical  conditions,  accompanied  by 

^HMtml  state  of  consciousness,  and  there  is  every  reason  to  believe 

piiC  pliyaical  conditions  in  every  respect  identical  will  always  be  at- 

t«iiic4  by  a  similar  state  of  consciousness.     This,  and  not  more  than 

|||ii^  W«  diink,  was  intended  by  Mr.  Spencer  in  his  cliapter  on  ^stho- 

^Bjiiology*     Nevertheless,  several  able  men  have,  it  would  appear, 

Hiea  IihI  to  suppose  that  he  countenances  a  kind  of  materialism  (not 

^■u^  the  word  to  imply  any  thing  objectionable  ;  for  why  not  bo  ma- 

^kyists,  if  malerialism  be  truth  ?),  which  forms  no  part  of  his  pbilos- 

HMij.    Tci  give  precision  and  emphasis  to  what  we  say,  we  would  take 

Hk  Kbfpfty  to  refer  to  the  position  taken  up  by  Dr.  Bastian  in  his  re- 

sarkably  able  and  important  work  on  the  "Beginnings  of  Life."    The 

aff«Mioii  that  definitely  raises  the  issue  of  which  we  wish  to  speak, 

Hjad  wbich  at  the  same  time  fixes  Dr.  Bastian  to  a  view  not  in  harmony 

^■H  tbe  t4»aching  of  Mr.  Spencer,  is  the  following :  **  We  have  not 

Hb  Wen  able  to  show  that  there  is  evolved,  daring  brain  action,  an 

Hnnkii  of  heat,  or  other  mode  of  physical  energy,  less  than  there  would 

fliTT  been  had  not  the  Sensations  been  felt  and  the  Thoughts  thought;" 

^Jtt  be  bdicvcs  that  this  is  the  case.      Our  present  object  is  not  so 

^kek  lo  abow  that  hero  speculation  has  got  on  the  wrong  track,  as 

HUty  Ifwc  understand  Mr.  Spencer,  it  is  not  his  opinion  that  any  thing 

Bf  lUi  kind  takes  place  ;    though  certainly  some  ambiguotis  phrases 

■  1^  be  hchl  to  convey  this  meaning.  We  have  mentioned  the  sig- 
I  aiesm  fjirt  that  the  sixe  of  the  nervous  system  holds  a  pn-tty  constant 

■  aUUon  U\  till*  amount  and  heterogeneity  of  motion  generated.  The 
I  i^iticstioci  is,  Uiat  none  of  the  motion  evolved  duriDg  nervous  action 
■isipears  Irotn  tho  object  world,  passes  into  consciousness  in  the  same 
^m  fst.  m, — S 
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sense  tliat  physicists  wpcak  of  momentum  passing  into  heat;  that 
whether  consciousness  arise  or  not,  there  will  be  for  the  molecular 
motion  set  up  in  the  nerve-suhstance  exactly  the  same  mechanical 
equivalents.  Whether,  for  example,  those  ganglia  that  in  the  body 
of  each  one  of  us  are  employed  in  carrying  on  what  we  call  reflex  ac- 
tion, are  bo  many  distinct  eeats  of  consciousness,  liJce  so  many  separate 
animals,  an  idea  for  which  much  has  been  said,  or  whether  the  nenre- 
changes  that  go  on  iti  these  ganglia  have  no  subjective  side ;  in  eitber 
case  the  objective  facts  will  remaiu  the  same.  If  consciousness  is 
evolved,  it  is  not  at  the  expense  of  a  single  oscillation  of  a  molecule 
disappearing  from  the  object -world.  No  doubt  it  is  hard  to  conceive 
consciousness  arising  in  this  apparently  self-created  way;  but,  if  nny 
suppose  that  by  using  phrases  that  would  assimilate  mind  to  motion 
they  ease  the  difficulty,  they  but  delude  themselves.  It  is  as -easy  to 
think  of  consciousness  arising  out  of  nothing,  if  they  will,  as  to  con- 
ceive it  as  manufactured  out  of  motion ;  that  is  to  say,  t!ie  one  and  the 
other  proposition  are  alike  absolutely  unthinkable.  On  this  point  Mr. 
Spencer  writes :  '*  Can  we  think  of  the  subjective  and  objective  activi- 
ties as  the  same  ?  Can  the  oscillations  of  a  molecule  be  presented  in 
consciousness  side  by  side  with  a  nervous  shock,  and  the  two  be  rec- 
ognised as  one  ?  No  effort  enables  us  to  assimilate  them,  Tliat  a 
unit  of  feeling  has  nothing  in  common  with  a  unit  of  motion,  becomes 
more  than  ever  maniftst  when  we  bring  the  two  into  juxtaposition." 
Mr.  Spencer's  idea  is  that  feeling  and  nervous  action  are  two  faces  of^ 
the  same  ontological  something — a  view  that  prohibits  the  notion  o£ 
the  one  passing  into  or  being  expended  in  producing  the  othen  Tha 
conclusion  is,  that  tlie  transformations  of  physical  energy  remain  un-^ 
affected  by  the  presence  or  absence  of  consciousness. 

Psychology  has  as  yet  been  ma<le  a  serious  study  by  only  a  few  in- 
dividuals.  Accordingly,  it  is  only  the  more  striking  and  easily  graspeA 
peculiarities  of  Mr.  Spencer's  system  that  can  he  referred  to  with  ad-^ 
vantage.     Of  these,  the  most  imposing,  and  the  one  of  which  the  edu- 
cated public  have  already  a  slight  second-hand  acquaintance,  is  the, 
doctrine  that  the  brain  and  nervous  system  is  an  organized  register  of  I 
the  experiences  of  past  generations,  that  consequently  the  intelligence 
and  character  of  individuals  and  of  races  depend  much  more  on  this, 
on  the  experiences  of  their  ancestors,  than  on  their  individuul  expe- 
riences.     The  flood  of  light  thrown  by  this  conception  un  so  many 
things  previously  dark  and  unfathomable,  its  power  of  bringing  about 
harmony  where  before  there  was  nothing  but  confusion  and  unsatis- 
factory wrangling,  ought  to  have  been  suificient  to  have  secured  it  a 
uriiversaVly  favorable  reception.     This,  however,  has  not  been  the  ease, 
and  partly,  perhaps,  because  of  the  very  merits  that  recommend  at. 
It  may  be  that  veterans  who  have  won  their  laurels  on,  say,  the  battle- 
field  of  innate  ideas,  loVe  the  old  controversy,  and  are  not  anxious 
to  learn  that  both  sides  were  right  and  both  wrong.     Moreover,  it  iB 


THE  NEW  PSYCHOLOGY, 


V5 


i  nmfortcme  of  this  important  addition  to  psjchology,  that  it  shows 
It  pre>ious  workers  in  this  field  of  inquiry  have  at  times  been  labor- 
in  ibe  dark  to  solve  problems  like  in  kind  with  the  famous  diffi- 
lly  of  accoanting  for  the  supposed  fact  that  the  weight  of  a  vessel 
'  water  is  not  increased  by  the  addition  of  a  live  fish.  For  instance^ 
dulil  Mr.  Spencer  be  right,  the  celebrated  theory  of  the  Will,  elabo- 
nS<d  by  ProC  Bain,  the  able  representative  of  the  iudividual-experieuee 
ptyclioiogj,  bec:>me«  a  highly-ingenious  account  of  what  does  not 
bippea.  Thus,  the  new  doctrine  can  be  accepted  ouly  at  the  erpense 
•I  garmg  op  much  of  what  has  hitherto  passed  for  mental  science. 

The  following  sentences  will  serve  to  indicate  Mr*  Spencers  posi- 

iicm:  **  The  ability  to  coordinate  impressions,  and  to  perform  the  ap 

yioprijite  actions,  always  implies  the  preSxistence  of  certain  nerves 

^cmigi^  ia  a  certain  way.    What  is  the  meaning  of  the  human  brain  ? 

mk  is  that  the  many  establuhed  relations  among  its  parts  stand  for  so 

Bioy  eiiabiUheii  relations  among  the  psychical  changes.     Each  of  tho 

nBnstant  coonections  among  the  fibres  of  the  cerebral  masses  answers 

toaome  constant  connection  of  phenomena  in  the  experiences  of  tho 

nm  .  *  *  Thoee  who  contend  that  knowledge  results  wholly  from  the 

t[p€rJ€(oe>es  of  the  individual,  ignoring  as  they  do  the  mental  evolu- 

fiaa  which  accompanies  the  autogenous  development  of  the  nervous 

IJileBi,  fall  into  an  error  as  great  as  if  they  were  to  ascribe  all  bodily 

gfowtk  and  Ktractore  to  eiercise,  forgetting  the  innate  tendency  to 

J— ae  the  adult  form.  .  .  .  The  doctrine  that  all  the  desires,  all  the 

gMloiinta^  are  generated  by  the  experiences  of  the  individiml,  is  so 

Btfmgly  at  variance  with  facts,  that  I  cannot  but  wonder  how  any 

^■ifhoald  ever  have  entertained  it."     The  circumstances  which  ac- 

Bant  for  the  existence  of  the  individual-experience  psychology^  and 

Hikh  enable  it  still  to  hold  out  as  a  rival  of  the  more  advanced  form 

Htei  Mr.  Sj>encer  has  given  to  the  science,  are  these :  (1)  the  imma- 

Hlrity  ofihe  human  infant  at  birth  ;  (2)  the  lack  of  precise  knowledge 

'  vitkngard  to  the  mental  peculiarities  of  the  lower  animals;  (3)  tho 

«ll  popular  notion  that  the  human  mind  does  not  resemble  the  mental 

ODttititiilioQ  of  the  animals ;  that  it  is  of  a  different  order.     Of  course 

lini  Jail  is  nowadays  little  more  than  a  popular  superstition,  neverthe^ 

hJm  il  can  be  taken  advantage  of;  and  an  argument  to  the  effect  that 

operations  of  the  animals  are,  to  all  appearance,  so  very 

» from  the  workings  of  the  human  mind  that  they  can  supply 

snore  than  a  worthless,  if  not  a  miBleading  analogy,  has  a 

1  nnd  scientific  look  about  it  in  the  eyes  of  those  who  are 

IBlftrjr  well  acquainted  with  the  subject.     Our  ignorance  of  animal 

ftjohologf  may  be  still  more  boldly  drawn  on  in  defence  of  the  theory 

Milir  flonafalgration.     W^ith  a  hyper-scicntific  caution,  its  advocates 

BMt  la  take  Into  account  any  thing  (iQeompatlble  with  their  theory) 

^■■eaiiig  any  one  apecies  of  animal  that  has  not  been  proved  by  a 

Bbrvf enrhdiniogly  large  namber  of  very  accurate  observations.   And 
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ihtj  find  it  poflsibk  to  xndiitain  tliat  it  etill  remAms  unproYed  that 
any  tpecies  of  animal  posseMca  either  knowledge  or  skill  not  wholly 
aoquired  by  each  indlvidna].  A  better  acquaintance  with  the  mental 
pecuUanties  of  the  animals  is  certainly  a  desideratum,  and  we  hope 
that  thU  rich  field  of  investigation  will  not  long  remain  uncnltivated. 
In  MacmiUatiU  Maja^ine  for  February  there  is  an  account  of  a  seriea 
of  observalionB  and  experiments  on  young  animals  by  the  present 
writer,  which,  unless  they  can  be  discredited,  may  reasonably  be  ex- 
pected to  go  far  to  establish  the  fact  of  instinct,  the  fact  of  innate 
knowledge  and  unacquired  skill ;  in  other  words,  the  phenomena  on 
which  the  experience-psychology,  minus  the  doctrine  of  inheritance, 
can  throw  no  light  whatever.  Now,  had  not  Mr,  Darwin  banished 
from  every  scientific  mind  the  hypothesis  of  the  miraculous  creation 
of  each  distinct  species  of  animal  just  as  we  see  it^  with  all  its  strange 
organs,  and,  to  most  people,  still  stranger  instincts,  the  presumption 
against  a  system  of  human  psychology  that  not  only  can  give  no  ac- 
count of  tbe  moEst  striking  phenomena  in  the  mental  life  of  the  animals, 
but  which  strongly  inclines  those  who  hold  it  to  pronounce  such  phe. 
nomena  incredible,  might  not  have  been  so  apparent.  But,  in  the 
present  atate  of  our  scientific  knowledge,  such  a  psychology,  profess* 
ing  to  be  a  complete  system,  is  self-condemned.  In  its  fundamen- 
tal principles  the  science  of  mind  must  be  the  same  for  all  living 
creatures.  Further,  if  man  be,  as  is  now  believed,  but  the  highest, 
the  last,  the  most  complex  product  of  evolution,  a  system  professing 
to  be  an  analysis  and  exposition  of  his  mind,  yet  confessing  itself  ia* 
competent  to  deal  with  the  necessarily  simpler  mental  processes  of 
lower  creatures,  must  surely  feel  itself  in  an  uncomfortably  anoraaloua 
position. 

It  is,  however,  on  the  first-mentioned  circumstance,  the  immaturity 
of  the  infant  at  birth,  that  most  stress  can  be  laid*  The  newly-born 
babe  cannot  raise  its  hand  to  its  motith,  and  doubtless  for  a  long  time 
after  birth  it  has  no  conBciousness  of  the  axiom,  "  Tilings  that  m 
equal  to  the  same  thing  are  equal  to  one  another.*'  The  helpleasneefl 
of  infancy  is  pointed  to  as  furoishing  ocular  demonstration  of  the 
doctrine  that,  whatever  may  be  the  case  with  the  animals,  all  human 
knowledge,  all  human  ability  to  perform  useful  actions,  must  be  wholly 
the  result  of  associations  formed  in  the  life-history  of  each  individuaL 
But  it  can  surely  require  little  argument  to  show  that  this  is  an  entirely 
unwarranted  assumption.  It  might  as  well  be  maintained  that,  W 
eansea  child  is  born  without  teeth  and  without  hair,  the  subsequenl 
apfiearance  of  these  must  be  referred  wholly  to  the  operation  of  ex- 
ternal forces.  Of  the  several  lines  of  argument  that  might  here  be 
employed,  let  us,  for  the  sake  of  freshness,  take  the  analogy  from  the 
lower  animals.  We  are  not  aware  that  it  can  be  asserted,  as  the  result 
of  prearranged  and  careful  observations,  that  any  creature  at  the  in- 
stant of  birth  exhibits  any  of  the  higher  instincts.    A  number  of  iso- 
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Uiei  snd  more  or  less  aoddental  observations  have  been  recorded  * 

atjd  apparently  on  the  strength  of  these  Mr.  Spencer  has  made  the  fol- 

towing  tuiquallfied  statement .  -^  A  chiek,  immediately  it  comes  out  of 

the  tgg,  not  only  balances  itself  and  runs  about,  but  picks  up  frag- 

mmts  of  food,  thus  showing  ns  that  it  can  adjust  its  muBcular  move- 

OMints  in  a  way  appropriate  for  grasping  an  object  in  a  position  that  is 

iccunitcly  perceived,"    The  fact  is,  that,  on  emerging  from  the  shell, 

the  chick  can  no  more  do  any  thing  of  all  this  than  can  the  new-born 

chilli  run  about  and  gather  blackberries.     But  between  the  two  there 

is  this  great  difference,  that,  whei-eas  the  chick  can  pick  about  perfectly 

in  lees  than  twenty-four  hoars,  the  child  b  not  similarly  master  of  its 

movements  in  as  many  months.     Our  present  point  is,  that  it  can  be 

^stiown  by  experiment  that  the  performances  of  the  chick  a  day  old, 

wkidi  involve  the  perceptiona  of  distance  and  direction  by  the  eye  and 

the  wr,  and  of  many  other  qualities  of  external  things,  are  not  in  any 

digr^e  the  results  of  its  individual  experiences.     Let  it  now  be  remem* 

hmi  that,  in  the  absence  of  conclusive  evidence  to  the  contrary,  it 

his  been  considered  a  safe  position  to  hold  that  the  early  knowledge 

^Hitl  intelligent  action  of  the  chicken  "may  be,  after  all,  nothing  more 

an  very  rapid  acquisitions,  the  result  of  that  experimentation,  prompt* 

I  by  the  inborn  or  spontaneous  activity,"    May  we  now,  on  the  other 

IpiBirailarly  presume,  until  the  contrary  is  shown,  that  the  more 

ttrdj  progress  of  the  infant  is  not  because  its  mental  constitntiou  has 

to  be  Wilt  up  from  the  foundation  out  of  the  primitive  elements  of 

ooQiicioasiiess,  which  the  chicken'^s  has  not,  but  rather  because  the 

hitd  comes  into  the  world  in  a  state  of  greater  physical,  and  therefore 

al  immaturity  ?    The  progress  of  the  infant,  however,  has  been 

motinnally  spoken  of  as  if  it  were  a  visible  process  of  unaided  ac- 

,  thut  it  may  give  some  surprise  when  it  is  asserted  from  the 

lide  that  we  have  no  sufficiently  accurate  acquaintance  with  the 

acquisitions  of  infancy  to  justify  the  doctrine  that  they  are 

at  in  kind  from  the  unfolding  of  the  inherited  instincts  of  the 

en.     To  give  definiteness  to  the  attitude  taken  up,  we  would  say, 

r  example,  that  the  facts  concerning  the  early  movements  of  the  two 

I  »nd  the  calf  observed  by  Prof,  Bain,  and  which,  looked  at  from 

at  of  view,  were  strong  confirmation  of  the  doctrine  of  indi- 

luat  acquisition,  may  be  just  as  readily  interpreted  as  the  unfolding 

inberited  powers;  which,  as  far  as  we  know,  start  into  perfect 

at  the  moment  of  birth,  in  no  single  instance.     From  observa- 

on  sereral  newly-dropped  calves,  the  facts  corresponding  sub- 

utially  with  those  recorded  by  Prof.  Bain,  the  present  writer  could 

4faw  no  conclusive  evidence  in  favor  of  either  the  one  theory  or  the 

Dtlier.     One  observation,  however,  may  here  be  mentioned  that  seemed 

ntlitr  U>  favor  the  doctrine  of  inheritance.     A  calf  one   hour  old, 

which  had  been  irtaggering  about  on  its  legs  for  ten  minutes,  stepped 

W  ai  the  open  door  of  the  byre*     It  no  sooner  found  itself  in  the 
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open  air  tBan  it  began  to  frisk  and  dance ;  it  was  left  entirely  to  i^eeI4 
aod,  when  it  had  been  on  its  legs  fifteen  minutes,  it — apparently  in 
obedience  to  the  feeling  of  fatigne— deliborately  lay  down,  foldin^in 
its  limbs  after  the  established  manner  of  its  kind*  This  is  all  we  know 
abont  calves ;  about  children  wo  know  Dothing  at  alL  And  it  may 
fairly  be  asked  how>  when  called  in  question,  the  assumption  that  tm- 
derlics  such  statements  as  the  following  can  be  made  good.  We  quote 
from  Prof.  Bain's  account  of  the  growth  of  voluntary  power.  He 
says  :  "  The  infant  is  miable  to  masticate ;  a  morsel  put  into  its  mouth 
at  first  usually  tumbles  out.  But,  if  there  occur  spontaneous  move- 
ments of  the  tongue,  mouth,  or  jaw,  giving  birth  to  a  strong  relish^ 
these  movements  are  sustained,  and  begin  to  be  associated  with  the 
sensations ;  so  that,  after  a  time,  there  grows  up  a  firm  connection," 
Bearing  in  mind  that,  when  bom,  the  child  has  no  occasion  for  the 
power  of  masticating  solid  food ;  that  the  ability  to  suck,  which  in- 
volves an  equally  complex  series  of  muscular  adjustments,  is  what  it 
requires,  and  this  it  has  by  instinct ;  bearing  all  this  in  mind,  the  ques- 
tion 18,  Why  may  not  the  innate  ability  to  masticate  be  developed  by 
the  time  it  is  required  quite  as  spontaneously  as  the  teeth  used  in  the 
operation  ?  Take  a  parallel.  The  feeble  nestling  when  it  leaves  the 
shell  is  blind.  One  of  the  several  very  pronounced  and  interesting  in- 
stincts  it  exhibits  at  this  stage  is,  that  in  response  to  certain  sounds  it 
opens  its  mouth  and  struggles  to  hold  up  its  head  to  be  fed.  Several 
weeks  later  it  begins  to  pick  for  itself.  Now,  we  put  the  question,  Is 
this  second  mode  of  filling  its  stomach  to  be  considered  a  pure  acqui* 
sition,  while  its  original  plan  must  certainly  be  regarded  as  pure  in- 
stinct? No  one,  we  think,  will  venture  to  answer  in  the  affirmative; 
the  more  so  as  this  is  a  case  that  may  any  day  be  put  to  the  test  of 
experiment.  Where,  then,  is  the  evidence  that  the  analogous  progress 
from  drawing  milk  to  masticating  soEd  food  is  of  a  different  kind?— 
Nature, 
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Br    Sib    JAMES    ANDEESON. 


THIS  is  by  no  means  a  new  subject  for  investigation,  but  in 
present  day  I  am   certain  that  it  will*  be  instructive  to  ma 
among  the  thousands  who  are  now  interested  in  this  class  of  prope* 
to  have  their  attention  briefly  called  to  all  that  has  been  done  to  mi 
submarine  cables  a  sound  property. 

Eleven  years  ago  there  was  a  joint  committee  appointed  by  i 
"  Lords  of  the  Committee  of  Privy  Council  for  Trade  and  Atlau 
Telegraphy,  to  inquire  into  the  construction  of  submarine  cables,  1 
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gellier  with  other  evideuce."  Attention  is  called  in  the  report  to  the 
«  remarkable  fjict  that  in  almost  all  cases  smaU  cables  Lad  been  found 
liable  to  mishaps,  while  the  heavier  the  cable  liad  been  the  greater 
liad  been  its  dorability."  The  report  is  full  and  complete,  and  estab- 
lifibes  principles  which  np  to  the  present  time  have  uniformly  giiar- 
loteed  success,  while  the  neglect  of  them  has  as  uniformly  resalted  in 
partial  loss  or  failure. 

The  loss  of  cables  was  found  to  be  attributable  to  the  following 
caoaes :  First,  and  the  most  important  of  all,  from  imperfect  manufac- 
ture, resulting  without  doubt,  prior  to  this  date,  from  inexperience  of 
the  materials  for  insulating  the  copper  ^ire,  and  from  ignorance  of 
the  fact  discovered  by  Prot  Thomson  about  1856,  viz,,  that  some  kinds 
^f  copper  wire  were  no  better  than  iron  for  the  purpose  of  conduc- 
■rity,  and  that  it  required  carefully-selected  copper  to  give  the  desired 
HpuidArdp  wluoh  may  be  represented  by  a  copper  wire  one-tenth  of  an 
Wkgh  in  diameter,  being  equal  to  an  iron  wire  one-third  of  an  inch  in 
dkmeter  for  electrical  purposes*    All  cables  manufactured  previous  to 
^hia  dale  had  no  advantage  from  this  discovery, 

B   Tfc«re  appear  to  have  been  mechanical  difficulties  in  keeping  the 

copper  conductor  in  the  centre  of  the  insulating  medium,  so  that  the 

^pper  was  sometimes  found  to  be  almost  visible  under  the  light  film 

Hi  gutta-percha  which  covered  it.     The  electric  current  soon  weakened 

^ikm  film,  stronger  currents  were  used  to  overcome  the  weakness  of 

]jkA  ligoala,  and  the  cable  was  soon  destroyed.     Experience  about  this 

Hme  had  eatal»ljshed  that  a  cable  from  the  commencement  of  its  manu- 

^etnre  to  Uie  time  of  its  being  laid  should  be  tested  under  water  and 

indcr  presflure,  and  kept  as  much  as  possible  under  all  the  conditions 

ia  vlddi  it  waa  meant  to  continue. 

Auempta  to  lay  cables  from  sailing-shipB  towed  by  steamers  was 
inoiber  •oorce  of  failure.  The  ships  had  not  enough  steerage-way 
when  met  with  strong  head-winds,  and  too  much  slack  was  paid  out. 
It  was  diflictilt  under  such  circumstances  to  steer  a  straight  course, 
tnd  eailitig-fibips  pOMMsedno  power  of  being  readily  stopped  when  a 
I   iudl  or  accident  occurred. 

I       Ha&y  accidenta  happened  from  inexperience  in  the  method  of  pay- 

I  iB|^  out  cables ;  at  the  present  day  the  wonder  is,  that  they  should 

I  kive  mececded  so  well  with  the  rude  methods  and  inexperience  which 

I  tkos  6ziitedf  and  not  that  there  should  have  been  many  failures  and 

I  ttarfi  reeriminattOM.     Reading  the  history  of  these  first  attempts  to 

fJieea  mst-work  of  cables  at  the  bottom  of  the  ocean  fifteen  and  twenty 

pv%  ago,  ta  a  good  deal  like  reading  the  old  stories  of  the  early  voy- 

%ef  of  diaeorery.     There  are  difficulties   and    disasters  peculiar  to 

'  <vcry  ailemptp  and  the  grand  result  is  that,  one  way  or  another,  they 

wwm  oreroooie,  or  else  they  suggested  such  modifications  that  their 

iHmmaoo  waa  avoided,  and  an  accident  to  a  well-manufactured  cable 

'  <»Miatiiatea  a  loss. 
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The  first  Atlantic  cal>le  failed  principally  on  account  of  imperfect 
manufacture,  in  a  great  measure  arising  fi*om  untlue  baste  and  urgency, 
but  largely  owing  to  insufficient  experience.  The  cable  was  not  tested 
onder  water,  for  fear  of  rusting  the  snaall  steel  Trirefl  of  the  external 
coverings  and  small  wires  have  never  since  been  used ;  large  wires, 
the  larger  the  better,  is  now  a  principle.  The  copper  was  not  all  good. 
It  had  often  been  coiled  and  uncoiled,  and  bad  been  exposed  to  the 
strong  heat  of  the  sun,  and  to  many  changes  of  temperature.  Any  of 
these  conditions  would  nowadays  be  regarded  as  enough  to  condemn 
the  most  carefully-manufactured  cable. 

The  Red  Sea  and  Indian  cables  are  said  to  have  been  imperfectly 
manufactured  and  laid  too  taut,  but  they  were  not  tested  under  water 
from  the  time  of  manufacture  until  they  were  placed  at  the  bottom  of 
the  sea,  and  this  one  grand  omission,  largely  due  to  inexperience,  is 
enough,  without  the  recriminatory  points,  to  condemn  to  loss  and 
failure  any  cable  whatever. 

The  cables  laid  from  Cagliari  to  Malta  and  Malta  to  Corfu  are  said 
to  have  failed  from  imperfect  manufacture.  One  experienced  gentleman 
in  his  evidence  said  these  cables  were  "  such  as  nobody  should  have 
laid  in  deep  water,"  It  is  suflicient  at  present  to  know  that  they  bave 
failed  from  neglect  or  inexperience,  and  that  they,  among  other  fail- 
ures, bave  established  the  principles  which  bave  since  insured  success. 

The  want  of  constant  supervision  by  engineers,  exclusively  in  the 
interests  of  the  purchasers  of  the  cable,  has  been  a  great  cause  of  de- 
fective cables.  There  may  often  be  miuute  defects  in  the  core  itself, 
or  a  slightly  defective  splice  which  may  reduce  the  electrical  condition 
of  a  comparatively  short  length  ;  this  may  easily  be  raised  above  the 
average  standard  required  by  the  contract,  by  the  next  length  being 
more  carefully  manufactured.  Thefie  minute  defects  must,  however, 
kill  the  cable  in  more  or  less  time,  and  the  principle  is  established  that 
every  inch  should  be  tested  in  course  of  manufacture,  and  rejected  if 
there  is  any  irregularity  of  condition  to  cause  suspicion.  There  should 
be  constant  supervision,  and  a  record  of  all  the  tests  kept  for  the 
purchasers  of  the  cable  from  the  commencement  of  the  contract  to  ite 
final  completion,  and  continued  ever  afterw^ard  by  the  purchasers. 

The  principal  sources  of  injury  to  cables  are — ^first,  moving  water, 
either  currents  or  tides,  chafing  the  cables  upon  rocks  or  shingle.  Ex- 
perience has  given  many  costly  lessons  of  the  effect  of  moving  water. 

Ten  years  ago  it  was  generally  believed  that  water  bad  very  little 
motion  below  50  fathoms,  and  100  fathoms  was  considered  a  |»oint  of 
great  safety.  We  now  know  that  there  are  exceptional  localities  where 
there  is  motion  in  the  water  at  a  depth  of  500  fathoms.  The  Fal- 
mouth cable  was  chafed  and  destroyed  at  this  depth  from  this  cause. 
The  Channel  Islands  cable  was  also  destroyed  from  the  same  cause. 
The  first  cable  ever  manufactured  with  due  regard  to  the  principle  of 
carefml  supervision,  testing  under  water,  and  being  retained  quietly  in 


OCEAK-CABLES. 


4» 


Mat  condition  nntil  it  was  laid,  was  the  Malta  and  Alexandria  cable, 
iWd  m  186 L  This  cable  was  submerged  in  too  shallow  water,  for 
I  many  luiles  in  less  depth  than  20  fathoms;  the  result  was  the  frequent 
mei^resce  of  fracture  from  being  rolled  about  by  the  surf,  and  yet 
|fiiiB  cable  was  only  finally  abandoned  last  year;  not  beeiuiBe  it  could 
lliotbeltept  in  repair,  but  because  it  was  too  expensive  to  keep  in 
lorder.  These  and  many  other  examples  have  established  tlie  principle 
■  that  no  cable  should  be  laid  without  first  obtaining  an  accurate  sur- 
Tcy  of  the  approach  to  the  coast  and  landing-places,  with  accurate 
loundlngs  over  the  intended  routCj  and  as  much  knowledge  as  possible 
of  the  nature  of  the  bottom.  Currents  and  anchorage  should  be 
liroided,  and,  where  that  is  impossible,  the  heaviest  cable  that  can  be 
Ihid  should  be  provided.  Heavy  cables  should  be  laid  out  to  depths 
|«f  400  fathoms,  where  there  are  tide-ways.  Where  a  current  exists,  a 
poeitiofi  should  be  sought  for  as  far  removed  from  it  as  possible.  A 
^ptat  cause  of  injury  to  cables  is  the  corrosion  of  the  externa!  wires, 
MTt^d  by  moving  water  or  n^iine  vegetation^  etc.,  and  this  has 
^BUittbcd  the  general  practice  of  covering  the  external  wires  with 
BhH  yam  saturated  with  a  mixture  of  pitch  and  silica.  There  is 
mH  great  room  for  improvement  upon  the  present  method  of  protecl- 
ng  the  external  covering  of  cables,  and  I  commend  at  to  the  further 
Pttnjful  study  of  telegraph-engineers  as  a  subject  of  vital  importance* 

Anather  enemy  of  submarine  cables  is  the  teredo  *  of  all  kinds ;  there 
|it  one  kind  which  has  proved  destructive  by  boring  through  the  core, 
DQt  that  has  only  occurred  in  shallow  water;  there  is  another  kind 
Iriitch  destroys  the  hemp  in  a  few  months,  and  is  then  satisfied  to  fix 
Itself  npon  the  gutta-percha  and  remain  there.  Cables  have  been  re- 
BoTCFed  from  depths  of  1,200  fathoms  with  all  the  hemp  eaten  away, 
Rtod  the  core  pitted  with  these  marine  animals.  The  recovery  ia  then 
pwily  possible  by  the  strength  of  the  external  wires. 

All  the  experience  wehavo  points  to  the  value  of  protection,  first, 

of  the  core,  then  of  the  external  covering,  and,  if  those  responsible  for 

the  Bjifety  and  maintenance  of  submarine  cables  could  be  allowed  to 

£ctste  the  most  desirable  conditions  of  safety,  they  would  select,  be- 

I  the  strongest  possible  cable  to  be  manufactured,  and  laid  with 

Be  care,  a  depth  of  water  of  about  500  fathoms,  and  a  bottom  of 

I  or  mud  ;  but,  as  this  cannot  always  be  secured,  nothing  should  be 

flitted  in  the  direction  of  strength  and  quality. 

Lightning  is  still  another  source  of  injury  to  cables  ;  this  is,  how- 

wer,  so  readily  guarded  against  that  we  no  longer  hear  of  injury  from 

tills  cause :  it  is  said  to  have  destroyed  three  cables.     ^Ir.  Siemens 

jKOdooed  before  the  committee  a  piece  of  the  core  of  the  Corfu  cable 

iBJafied  by  lightning;  the  land-line  had  been  struck,  and,  from  the  ab- 

«Dee  of  any  lightning-guards,  the  cable  was  damaged.     Mr,  Preece 

<Inertbed  the  Jersey  cable  as  having  been  destroyed  by  lightning.    Mr, 

^^^g_  Set  Article,  in  this  number,  on  the  ^'Borers  of  the  Sea.*- 
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Fleeming  Jenkin  has  Been  a  fault  18  inches  long  due  to  thia  eauM 
and  it  h  aBserted  that  the  same  cause  destroyed  the  Toulon-Algiew 
cable,  which  was  connected  to  the  land-linea  without  ligbtning-guardB. 

We  are  every  now  and  then  startled  by  the  announcement  that 
light  cables  are  to  be  preferred  to  the  present  iron-clad  type,  and  tlie 
object  of  this  investigation  baa  been  to  discover  what  data  there  are 
to  justify  any  preference  to  one  form  of  cable  over  another.  I  have 
said  already  that  the  committee  called  attention  to  the  remarkable  fact 
that,  in  almost  all  cases,  small  cables  have  been  found  liable  to  mis* 
haps,  while  the  heavier  the  cable  the  greater  had  been  its  durability, 

Mr.  Newall,  in  his  evidence,  said  that  the  hemp-covered  cable 
which  he  attempted  to  lay  in  1859,  between  Candia  and  Egypt,  had 
the  hemp  eaten  off  by  the  teredo  in  a  very  short  time,  and  it  '*'as  too 
weak  to  recover  for  repairing*  The  same  firm  laid  an  unprotected  core 
from  Yama  to  the  Crimea,  and  it  histed  until  the  winter  set  in  ;  it 
frequently  said  that  it  was  cut  by  order  of  the  French  commander- 
chief,  but  there  is  no  proof  of  this,  an^L  I  am  not  disposed  to  believe 
it.  Mr,  Woodehouse,  the  engineer  who  laid  this  core,  said  in  his 
evidence  he  "should  not  advise  anybody  to  lay  so  Egbt  a  cable  across 
the  Atlantic,  because  so  small  a  strain  would  break  it.  If  it  is  once 
safe  at  the  bottom,  perhaps  it  may  rest."  Mr.  Kewall  said  he  thought 
it  folly  to  lay  any  thing  excepting  unprotected  core.  Consistently 
with  this  conviction,  he  laid  in  1869  several  lines  of  unprotected  India- 
rubber  core,  connecting  the  Grecian  islands  with  the  main-land  ;  they 
were  protected  only  near  the  shore.  The  sea  is  quiet  and  tidelees  in 
those  parts ;  no  better  spot  could  be  wished  for  the  experiment,  yet 
they  eveiy  one  of  them  gave  out  within  two  years. 

Tbe  Bed  Sea  cable,  covered  externally  with  light  wires,  and  unpro- 
tected with  bituminous  compound,  was  so  rusted  in  a  short  time  tliat 
it  could  not  be  lifted  for  repairs. 

Notwithstanding  Mr.  Nevvall's  partiality  for  light  cables,  he  sug- 
gests at  the  close  of  his  evidence  what  I  assume  he  would  consider 
the  most  perfect  form  of  cable.  Ho  would  cover  the  copper  with 
India-rubber,  protect  this  core  with  steel  wires  vulcanized,  the  whole 
then  passed  through  heat;  thus  insulating  all  the  wires,  he  would  make 
the  cable  in  one  length,  and  have  no  joints.  Mr  Fleeming  Jenkini  in 
his  report  to  the  International  Exhibition  of  1802,  says : 

^'  So  long  ns  the  iron  wirei  lasted,  the  cables  frequeatlv  continued  to  woJ 
in  spito  of  faults^  hut  sooner  or  kter  the  iron  wires  of  all  these  light  cahW 
niflted  away  in  parts ;  so  soon  as  this  took  place  they  one  and  all  broke  np  Into 
short  sections ;  this  fact  ha«  been  observed  in  depths  of  100  fathoms  j  "  the  reasont 
were  not  obvions  to  Mr*  JenkiBj  bnt  ho  says :  **  Meanwhile  the  use  of  large  iron 
wire  seems  a  sure  guarantee  against  this  danger,  for  as  yet  no  cablo  covered 
with  wire  of  tlie  large  gjiuges  has  ever  parted  in  the  manner  described*  Tlio 
difficulty  13,  to  find  a  permanent  material  which  shall  retain  its  strength  and  ( 
tinue  to  aflbrd  protecfcioa  after  the  cablo  is  laid,^* 
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^V  Eveiy  word  of  this  can  be  written  at  the  present  moment,  that  is, 
^■tea  years  later,  with  exactly  the  same  Bignificance.  All  cables  which 
^F  We  been  manufactured  and  laid  upon  the  principles  which  were  es* 
[  tablishcd  in  1859  are  yet  in  good  working  order,  and  every  divergence 
I  from  theae  principles  has  be«n  at  best  but  a  costly  experiment  or  titter 
I  Mtire.  There  is  no  instance  yet  of  a  well-manufactured  heavy  cable 
I  breaking  or  giving  out  iu  deep  water  after  it  has  been  carefully  laid 
L  free  from  defects  \  but  there  may  be  much  due  to  the  external  cover- 
I  ing  keeping  it  quiet;  there  has  assuredly  been  a  great  deal  due  to  the 
I  external  covering  in  the  successful  submerging,  and  there  is  no  expe- 
t  rienoe  whatever  to  justify" the  assumption  that  an  unprotected  core 
^P  wcmld  last,  even  if  laid. 

^P  It  has  been  nrged  that  an  iron-covered  cable,  suspended  from  one 
I  point  to  another,  gradually  becomes  weaker,  that  rust  and  marine 
I  gRwtb  or  deposit  accumulate  and  break  the  cable  with  their  weight; 
^L  bfllHo  not  know  of  any  instance  iu  support  of  the  assumption,  nor  is 
^H  it  at  ttll  certain  that  a  simple  unprotected  core  would  exist  for  any 
^H  length  of  time,  or  be  in  any  way  better  adapted  for  the  supposed  con- 
^M  ditions.  Mn  Latimer  Clark,  in  his  evidence,  says :  "  You  want  a  cer- 
^H  taiQ  degree  of  weight  to  enable  your  cable  to  sink  steadily  to  the  bat- 
^r  torn,  especially  when  it  has  to  fall  into  hollows  and  cavities,  and  not 
L      lie  loosely  across  elevations*" 

^m  Again,  it  is  urged  that  experiments  with  liglit  cables  have  been 
^1  tried  ia  factories  or  sheds,  and  the  result  proves  that  there  are  many 
^P  adrantages  in  their  favor ;  but  I  am  of  opinion  that  no  experiments 
W^  viiich  can  be  made  on  shore  will  sufficiently  resemble  the  exigencies 
^_  wWch  may  occur  over  a  period  of  several  days  and  nights  at  sea  in 
^P  storms  and  darkness,  and  still  less  will  they  prove  their  fitness  for  the 
^^  uaknoirn  conditions  which  may  exist  at  great  ocean-depths.  I  desire  to 
I  ^te  with  great  respect  for  the  opinions  of  the  talented  men  who  urge 
I  the  adoption  of  light  cables ;  it  is  my  special  duty  to  weigh  well  and 
F  witboat  prejudice  all  they  have  to  advance;  but  I  think  a  careful  in- 
I  tegtigatiOD  into  the  experience  and  practice  of  the  last  twenty  years 
fttahlishes  conclusively  that  all  light  cables  have  been  short-lived,  and 
I  liat  all  heavy  cables  have  continued  working,  often  under  most  ad- 
Terse  conditions.  It  is  my  own  opinion,  and  I  am  authorized  to  say 
^Lthat  it  is  also  the  opinion  of  my  friend  Captain  Ilalpin,  who  has  laid 
^mU  the  cables  from  Suez  to  Australia,  besides  the  French  Atlantic 
^Hlble  (11,000  miles),  and  has  also  recovered  and  repaired  cables  from 
^^  great  variety  of  depths,  that  a  cable  should  bo  as  heavy  as  it  can  be 

laid  with  safety,  and  admit  of  being  recovered  in  case  of  accident, 

Moltiply  every  precaution  which  shall  increase  the  strength  and  keep 

that  strength  intact  as  long  as  possible. 

The  best  form  of  light  cable  I  have  seen  is  the  copper-covered  core 

invent e*l  by  Mr.  Siemens  (No.  8).     I  should  have  anticipated  that,  if 
light  cable  could  have  been  successfulj  this  one  would  have  met 
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all  the  conditions,  excepting  that  of  extreme  cheapness,  but  it  has  nd  j 
heen  so  uniformly  successful  as  the  heavy  iron-clad  cables.     The  very 
Hght  cable  invented  by  Jlr,  Varley  (Ko.  21)  admits  of  being  laid  by 
having  the  strain  taken  off  the  core  by  the  two  hempen  strands^  the  j 
core  itself  being  the  third  strand  of  the  cable.     As  a  light  cable,  to  be   ' 
manufactured  in  a  great  hurry,  and  laid  to  meet  some  emergency,  it 
has  a  good  deal  of  merit,  but  for  a  deep-sea  cable  I  am  of  opinion  that 
it  would  be  found  too  incomplete  and  unfinished,  and  that  difficulties 
would  be  experienced  in  laying  which  are  not  at  once  foreseen,  and 
that  there  would  be  no  durability  even  if  succesBfuUy  laid. 

Every  day  of  my  experience  iu  watchiiTg  over  the  permanence  of 
the  10,000  miles  of  cable  under  my  care,  eon^nns  me  in  the  opinion 
that  too  great  caution  and  vigilance  cannot  be  exercised  in  the  making 
and  laying  a  thread  which  is  to  be  removed  from  all  human  vision  for- 
ever, and  designed  to  earn  dividends  by  continuing  a  perfect  conductor 
of  electricity.  Upward  of  30,000  miles  of  cable  have  been  laid  si 
the  report  of  the  committee  was  printed,  eleven  years  ago,  and  mi 
experience  has  been  gained  of  the  exigencies  incidental  to  submergL 
buoying,  grappling,  and  repairing;  but  no  fact  has  resulted  from 
that  experience  which  has  established  that  any  one  precaution  recom- 
mended in  t!ie  report  has  been  superfluous,  whereas  much  has  occurred, 
which  I  will  not  particularize,  proving  that  any  attempt  to  disregard 
any  single  precaution  has  resulted  in  great  pecuniary  loss  or  utter 
failure. 

We  have  many  reasons  to  confirm  the  belief  that  a  submarino 
cable,  manufactured  and  laid  with  strict  attention  to  all  known  princi- 
ples, may  be  regarded  as  a  eubstantial  property,  hkely  to  last  for  any 
length  of  time;  for  there  is  no  evidence  whatever  upon  record  which 
shows  any  decay  of  tlie  insulating  medium  or  copper  conductor  of  a 
well-manufactured  cable,  i.  e.,  there  is  no  decay  inherent  in  the  nature 
of  a  cable;  all  deterioration  is  external;  nor  is  there  any  experience 
whatever  to  establish  that  this  insulated  copper  wire  will  enjoy  any 
durability  if  unprotected  with  an  external  covering* 

A  light  cable  or  unprotected  core  must  therefore  be  regarded  at 
best  as  an  experiment,  with  the  chances  against  the  successful  layings 
and  still  more  against  its  existing  as  a  permanent  property, 

I  have  written  enough  to  illustrate  that  the  present  submarine 
cable  is  not  a  haphazard  idea,  but  one  which  has  grown  oxxt  of  many 
failures  and  thousands  of  experiments ;  all  the  principles  of  m.anufac- 
ture  and  laying  down  have  been  established  by  great  anxiety  and  re- 
flection on  the  part  of  the  able  men  who  gave  their  energies  to  this 
kind  of  enterprise  prior  to  1865.  Wo  who  have  come  upon  the  stage 
since  that  date  have  only  diacovered  that  we  may  not  neglect  one  of 
all  the  known  principles,  but  elaborate  every  one  of  them,  and  even 
then  the  duty  of  laying  and  maintaining  this  class  of  property  has 
enough  of  risks  and  anxieties  to  make  one  heartily  dislike  any  experi- 


J 


mE  STUDY  OF  SOCIOLOGY. 


45 


tiieiit  whicli  can  only  be  advocated  for  the  sake  of  cheapnoss  in  tho 

trel  oost*     I   believe  this  economy  would  be  at  the  expense  of  se- 

finrity,  and  that  the  cable  of  the  future  will  be  even  heavier,  more  per- 

fiact^  and  more  costly,  than  tho  cable  oi  tho  present  day. — Abstract  of 

AMnH  before  the  Statistical  Socittt/, 


THE  STUDY  OF  SOCIOLOGY. 

Br  HERBERT  6PENCER. 

X.—Th6  Class-Bias. 

"\  f'ANY  years  ago,  a  solicitor,  sitting  by  me  at  dinner,  complained 
-^-L  bitterly  of  the  injury  which  the  then  lutcly-cBtablished  County 
Courts  were  doing  his  profession.  lie  enlarged  on  the  topic  in  a  way 
implying  that  he  expected  me  to  agree  vrith  him  in  therefor©  con- 
dimniog  them.  So  incapable  was  he  of  going  beyond  the  professional 
|wint  of  view,  that  what  he  regarded  as  a  grievance  he  thought  I  also 
Ottght  to  regard  as  a  grievance :  oblivious  of  the  fact  that  tho  more 
Mooomical  admiuistration  of  justice,  of  which  his  lamentation  gave  me 
pioof,  was  to  me,  not  being  a  lawyer,  matter  for  rejoicing. 

The  bias  thus  exemplified  is  a  bias  by  which  nearly  all  have  their 
opiniona  warped.  Xaval  officers  disclose  the  imhesitating  belief  that 
te  are  in  imminent  danger  because  the  cry  for  more  fighting-ships 

I       tad  more  sailors  has  not  been  met  to  their  satisfaction.     Tlie  debates 
<m  the  purcbas&«ystem  proved  how  strong  was  the  conviction  of  mDi- 
tary  men  that  our  national  safety  depended  on  the  maintenance  of  an 
army-organization  like  that  in  which  they  were  brought  up,  and  had 
^Mttained  their  respective  ranks.     Clerical  opposition  to  the  repeal  of 
^Bu)  Corn-laws  showed  how  completely  that  view  which  Christian  min- 
^Mters  might  have  been  expected  to  take,  was  shut  out  by  a  view  more 
^%0llgraou3  with  their  interests  and  alliances.     In  all  classes  and  sub- 
nliirrr  it  is  the  same.     Hear  the  murmurs  uttered  when,  because  of 
ihm  Queen^s  absence,  there  is  less  expenditure  in  entertainments  and 

«CHcaUed  gayeties  of  the  season,  and  you  perceive  that  London 
EB  think  the  nation  suffers  if  the  consumption  of  superiuities  is 
ed.  Study  the  pending  controversy  about  cooperative  stores  versus 
shops,  and  you  find  the  shopkeeping  mind  possessed  by  the  idea 
t  society  commits  a  wrong  if  it  deserts  shops  and  goes  to  stores — 
unconscious  that  the  present  distributing  system  rightly  exists 
a  means  of  economically  and    conveniently  supplying   con* 
iers,  and  mast  yield  to  another  system  if  that  should  .prove  more 
icul  and  convenient.     Similarly  with  the  other  trading  bodies, 
gmerfti  sod  special — similarly  with  the  merchants  who  opposed  the 
icpeal  of  the  Navigation  Laws  ;  similarly  with  the  Coventry  weavers, 
lio  like  free-trade  in  all  things  save  ribbons* 
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The  class-bias,  like  the  bias  of  patriotism,  is  a  reflex  egoism;  and, 
like  it,  baa  its  uses  and  abuses.  As  the  strong  feelings  enlisted  on 
behalf  of  one's  nation  canse  that  enthnsiastic  cooperation  by  which  its 
integrity  is  maintained  in  presence  of  other  nations,  severally  tending 
to  spread  and  subjugate  their  neighbors  j  so  the  esprit  de  corps^  more 
or  less  manifest  in  each  specialized  part  of  the  body  politic,  prompts 
measures  to  preserve  the  integrity  of  that  part  in  opposition  to  other 
parts,  all  more  or  less  antagonistic.  The  egoism  of  individuals  be- 
comes an  egoism  of  tho  class  they  fonn ;  and,  besides  the  separate 
eflforts,  generates  a  joint  effort  to  get  an  undue  share  of  the  aggregate 
proceeds  of  social  activity.  The  aggressive  tendency  of  each  class,  so 
produced,  has  to  be  balanced  by  like  aggressive  tendencies  of  other 
classes.  The  class-feelings  do^  in  short,  develop  one  another ;  and  the 
respective  organizations  in  which  they  embody  themselves  develop 
one  another.  Large  classes  of  the  com monity,  marked  off  by  rank, 
and  sub-classes  marked  off  by  special  occupations,  everywhere  form 
their  defensive  combinations,  and  set  up  organs  advocating  their  inter- 
ests ;  and  the  reason  assigned  is  in  all  cases  the  same^ — the  need  for 
self-defence. 

Along  with  the  good  which  a  society  derives  from  this  Bclf-asfterl* 
ing  and  self-preserving  action,  by  which  each  division  and  subdivision 
keeps  itself  strong  enough  for  its  functions,  there  goes,  among  other 
evils,  this  which  we  are  considering — the  aptness  to  contemplate  all 
social  actions  in  their  bearings  on  clasB-inlerests,  and  the  resulting  ina- 
bility to  estimate  rightly  their  effects  on  the  society  as  a  whole.  The 
habit  of  thought  produced  perverts  not  merely  the  judgments  on  quefr 
tioDS  which  directly  touch  class- welfare,  but  it  perverts  the  judgment! 
on  multitudinous  questions  which  touch  elasa-welfare  very  indirectly, 
if  at  all.  It  fosters  an  adapted  theory  of  social  relations  of  every  kind, 
with  sentiments  to  fit  the  theory ;  and  a  characteristic  stamp  is  given 
to  the  beliefs  on  public  matters  in  general.     Take  an  instance : 

Whatever  its  technical  ownership  may  be,  Hyde  Park  is  open  for 
the  public  benefit :  no  title  to  special  benefit  is  producible  by  those 
who  ride  and  drive.  It  happens,  however,  that  those  who  ride  and 
drive  make  large  use  of  it  daily ;  and  extensive  tracts  of  it  have  been 
laid  out  for  their  couvenience  :  the  tracts  for  equestrians  having  been 
from  time  to  time  increased.  Of  people  without  carriages  and  horses, 
a  few,  mostly  of  the  kind  who  lead  easy  lives,  use  llyde  Park  fre- 
quently as  a  promenade.  Meanwhile,  by  the  great  mass  of  Londoners, 
too  busy  to  go  so  far,  it  is  scarcely  ever  visited :  their  share  of  the 
general  benetit  is  scarcely  appreciable.  And  now  what  do  the  few 
who  have  a  constant  and  almost  exclusive  use  of  it  think  about  the 
occasional  use  of  it  by  the  many  ?  They  are  angry  when,  at  long  in- 
tervaln,  even  a  small  portion  of  it,  quite  distant  from  their  haunts,  is 
occupied  for  a  few  hours  in  ways  disagreeable  to  them— nay,  even 
when  such  temporary  occupation  is  on  a  day  during  which  Rotten 
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Row  u  nem-ljr  vacant,  and  the  drives  not  one-third  filled.  In  tbis,  any 
one  unconcerned  may  see  the  influence  of  the  class-biaB.  But  he  will 
hiTe  an  inadequate  conception  of  its  distorting  power  unless  ho  turns 
to  fome  letters  from  members  of  the  ruling  class  published  in  the 
Tivm  in  November  last,  when  the  queetion  of  the  Park  Rules  was 
being  agitated.  One  writer,  signing  himself  *' A  Liberal  M.P,,'*  ex- 
pressing his  disgust  at  certain  addresses  he  heard,  proposed,  if  others 
would  join  him,  to  give  the  offensive  speakers  punishment  by  force  of 
fists;  and  then,  on  a  subsequent  day^  another  legislator,  similarly 
moTedf  writes : 

"If  *iL  P.'*  is  in  earnest  in  bis  desire  to  get  some  honest  men  together  to 
td€  the  law  into  their  onrn  hands^  I  can  promise  him  a  pretty  good  bflcking 
from  those  irho  are  not  afraid  to  take  all  the  conBequences. 

*'  I  am,  sir,  your  obedient  flervaut,  AK  EX-M,  P,^' 

And  thus  we  find  class-feeling  extinguishiog  rational  political 
tHnldng  so  completely  that,  wonderful  to  relate,  two  law-makera  pro- 
powto  support  the  law  by  breaking  the  lawl 

In  larger  ways  we  have  of  late  seen  the  clasH*bias  doing  the  same 
tMag — causing  contempt  for  those  principles  of  constitutional  govern- 
ment slowly  and  laboriously  established,  and  prompting  a  return  to 
Urbane  forms  of  government.     Read  the  debate  respecting  the  pay- 
ment of  Governor  Eyre's  expenses,  and  study  the  division-lists,  and 
you  *^e  that  acts  which,  according  to  the  Lord  Chief  Justice,  **have 
brought  reproach  not  only  on  those  who  were  parties  to  tbem^  but 
OQ  the  very  name  of  England,"  can,  nevertheless,  find  numerous  de- 
fenders among  men  whose  class-positions,  military,  naval,  official,  etc., 
nuke  them  love  power  and  detest  resistance,      Nay,  more,  by  rais- 
^^  an  Eyre-Testimonial  Fund,  and  in  other  ways,  there  was  shown 
I  deliberate  approval  of  acts  which  needlessly  suspended  orderly  gov- 
ernment and  substituted  unrestrained  despotism.     There  was  shown  a 
,  <ieliberate  ignoring  of  the  essential  question  raised,  which  was — whether 
l&n  eiecutive  head  might,  at  will,  set  aside  all  those  forms  of  administra- 
Ition  by  which  men's  lives  and  liberties  are  guarded  against  tyranny* 
Jilore  recently,  this  same  claBs-bias  has  been  shown  by  the  protest 
t  when  Mr.  Cowan  was  dismissed  for  executing  the  Kooka  rioters 
L  fiurrendered.     The  Indian  Government,  having  inquired  into 
urs,  found  that  this  killing  of  many  men,  without  form  of 
Uw  and  contrary  to  orders,  could  not  be  defended  on  the  plea  of  press- 
ing danger;  and,  finding  this,  it  ceased  to  employ  the  oMcer  who  had 
mnmitted  so  astounding  a  deed,  and  removed  to  another  province  the 
^^■fior  officer  who  had  approved  of  the  deed.     Not  excessive  punish- 
^^K  one  would  say.     Some  might  contend  that  extreme  mildness 
^^^kowu  in  thus  inflicting  no  greater  evil  than  is  inflicted  on  a  la- 
Hm^vi*hen  he  does  not  execute  his  work  properly*     But  now  mark 
fchat  is  thought  by  one  who  gives  utterance  to  the  bias  of  the  govern- 
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ing  clasfies,  intensified  by  life  in  India*  In  a  letter  published  in  the 
Times  of  May  1%  18^2,  the  late  Sir  Donald  McLeod  writes  concerning 
this  dismissal  and  removal: 

"All  the  informalion  tbst  reaches  mo  tends  to  proye  that  a  severe  Moir  has 
heen  giren  to  all  chance  of  vigorous  or  independent  aotion  in  future,  when  emtr* 
gencies  may  arise.  Tlio  whole  service  appears  to  have  been  astonished  and 
applied  by  the  mode  in  which  the  officers  have  been  dealt  with/* 

That  we  may  see  clearly  what  amazing^  perversions  of  sentiment 
and  idea  are  caused  by  contemplating  actions  from  class  points  of 
view,  let  ns  turn  from  this  feeling  of  sympathy  with  Mr.  Cowan  to  the 
feeling  of  detestation  shown  by  members  of  the  same  class  in  England 
toward  a  man  who  kills  a  fox  that  destroys  his  poultry.  Here  is  a 
paragraph  from  a  recent  paper : 

"Five  poisoned  foxes  have  been  found  in  the  neigbborbood  of  Penzance,  and 
tbere  iss  consequently  great  indignation  among  the  western  sportsmen,  A  re- 
ward of  £20  has  been  offered  for  information  that  shall  lead  to  the  conyiction 
of  the  poisoner," 

So  that  wholesale  homicide,  condemned  alike  by  religion,  by  equity, 
by  law,  is  approved ,  and  the  mildest  punishment  of  it  blamed ;  whils 
vulpicide,  committed  in  defence  of  property,  and  condemned  neither 
by  religioUj  nor  by  equity,  nor  by  any  law  save  that  of  sportsmen,  ex- 
cites an  anger  that  cries  aloud  for  positive  penalties ! 

I  need  not  further  illustrate  the  more  special  distortions  of  socio* 
logical  belief  which  result  from  the  class-bias.  They  may  be  detected 
in  the  conversations  over  every  table,  and  in  the  articles  appearinsf  in 
every  party-jotirnal  or  professional  publication.  Tbe  effects  here  most 
worthy  of  our  attention  are  the  general  eflecta — the  effects  produced  on 
the  minds  of  the  upper  and  lower  classes.  Let  us  observe  how  greatly 
the  sentiments  and  ideas  generated  by  their  respective  social  positions 
pervert  the  conceptions  of  employers  and  employed.  W*e  will  deal 
with  the  employed  first. 

As  before  shown,  mere  associations  of  ideas,  especially  when  joined 
with  emotionSj  affect  our  beliefs,  not  simply  without  reason,  but  in 
spite  of  reason,  causing  us,  for  instance,  to  think  there  is  something 
intrinsically  repugnant  in  a  place  where  many  painful  experiences  bmve 
been  received,  and  something  intrinsically  charming  in  a  scene  con- 
nected with  many  past  delights.  The  liability  to  such  perversions  of 
judgment  is  greatest  where  persons  are  the  objects  with  which  pleas- 
ures and  pains  are  habitually  associated.  One  who  has  often  been,  % 
even  unintentionally,  a  cause  of  gratification,  is  favorably  judged ;  and.  *i 
an  unfavorable  judgment  is  apt  to  be  formed  of  one  who,  even  invot- *>4 
tintariiy,  has  often  inflicted  sufferings,  Ilenee,  where  there  are  social  ^ 
antagonisms,  arises  the  universal  tendency  to  blame  tbe  tndividuak^^^,^ 
and  to  hold  them  responsible  for  the  system,  j^ 
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It  b  tbuB  with  the  ooneeptions  the  workiug-classes  frame  of  those 
hj  whom  they  are  immediately  employed,  and  of  those  who  fill  the 
lier  social  positions.     Feeling  keenly  what  they  have  to  bear,  and 
stindry  real  grievances  to  men  who  buy  their  labor,  and  men 
I  are  most  influential  in  making  the  law^s,  artisans  and  rustics  con- 
ickilo  that,  considered  individually  aad  in  combination,  those  above 
Ihem  arc  personally  bad-*selfish,  or  tyrannical ,  in  special  degrees.     It 
[»(Tver  occurs  to  them  that  the  evils  they  complain  of  result  from  the 
leverage  human  nature  of  our  age.     And  yet,  were  it  not  for  the  clash- 
^ihey  would  see,  in  their  dealings  with  one  another,  plenty  of 
I  that  the  injustices  they  suffer  are  certainly  not  greater,  and  pos- 
'  less,  than  they  w^ould  be  were  the  higher  social  functions  dis- 
by  individuals  taken  from  among  themselves.     The  simple 
yt,  notorious  enough,  that  working-men,  who  save  money  and  become 
[lii45ter8,  are  not  more  considerate  than  usaal  toward  those  they  em- 
ploy, bat  <*ften  the  contrary,  might  alone  convince  them  of  this.     On 
ill  ei'ies  there  is  ample  evidence  having  kindred  meaning.     Let  them 
i<jalre  about  the  life  in  every  kitchen  where  there  are  several  servantS| 
od  they  will  find  quarrels  about  supremacy,  tyrannies  over  juniors 
pfho  are  made  to  do  more  than  their  proper  work,  throwings  of  Idame 
one  to  another,  and  the  many  forms  of  misconduct  caused  by 
jmAot  right  feeling;  and  very  often  the  evils  growing  up  in  one  of 
fmall  groups  are  greater  than  the  evils  pervading  society  at 
The  doings  in  workshops,  too,  illustrate  in  various  ways  the 
Iment  of  arlisans  by  one  another.     Hiding  the  tools  and  spoil* 
^  work  of  those  who  do  not  conform  to  their  unreasonable  cus- 
,  prove  bow  little  individual  freedom  is  respected  among  them. 
ir«l  itill  more  conspicuously  is  this  proved  l)y  the  internal  goveni- 
nts  of  their  trade-combiuatitms,     Xot  to  dwell  on  the  occasional 
;  of  men  among  them,  who  assert  their  rights  to  sell  tlieir  labor 
please,  or  on  the  frequent  acts  of  violence  and   intimidation 
[jtoitled  by  those  on  strike  against  those  who  undertake  the  work 
have  refused,  it  suffices  to  cite  the  despotism  exercised  by  trades- 
^<il!icers.    The  daily  acts  of  these  make  it  manifest  that  the  ruling 
as  formed  by  working-men  inflict  on  thera  grievances  as 
not  greater  than,  those  which  the  organization  of  society 
inflicts.     When    the  heads  of  a  combination  he  has  joined 
m  collier  to  work  more  than  three  days  in  a  week — when  he 
ited  to  a  certain  "get"  in  that  space  of  time — when  he  dares 
[  AOoept  from  his  employer  an  increasing  bonus  for  every  extra  day 
t  works — when,  as  a  reason  for  declining,  he  says  that  he  should  be 
9do  miserable  by  his  comrades^,  and  that  even  his  wife  would  not  be 
lyolDni  to;  it  becomes  clear  that  he  and  the  rest  have  made  for  them- 
a  tyranny  worse  than  the  tyrannies  complained  of.     Did  he 
at  the  facts,  apart  from  class-bias,  the  skilful  artisan,  who  in  a 
lime  can  do  more  than  his  fellows,  but  who  dares  not  do  it  be- 
roL.  III. — I 
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isanse  he  would  be  *'  «cnt  to  Coventry "  by  them,  and  who  cause- 
quently  cannot  reap  the  beneiit  of  his  superior  powers,  would  see  that 
he  is  thus  aggresBed  upon  by  his  fellows  more  seriously  than  by  acts 
of  Parliament  or  combinations  of  capitalists.  And  he  would  further 
see  that  the  sentiment  of  justice  in  his  own  class  is  certainly  not  greater 
than  in  the  classes  he  ihinks  so  unjust* 

'Hie  feeling  which  thus  warps  working  men's  conceptions,  at  the 
same  time  prevents  them  from  seeing  that  each  of  their  unions  is  self- 
ishly aiming  to  benefit  at  the  expense  of  the  industrial  population  at 
large*  When  a  comluTiation  of  carpenters  or  of  engineers  makes  rules 
limiting  the  number  of  apprentices  admitted,  with  the  view  of  main- 
taining the  rate  of  wages  paid  to  its  members— when  it  thus  tacitly 
Bays  to  every  applicant  beyond  the  number  allowed,  *'  Go  and  appren- 
tice yourself  elsewhere ;"  it  is  indirectly  saying  to  all  other  bodies  of 
artisans,  **  You  may  have  your  wi^gos  lowered  by  increasing  your 
Dumbers,  but  we  will  not,"  And  when  the  other  bodies  of  artisans 
severally  do  the  like,  the  general  result  is  that  the  incorporated  work- 
ers, of  all  ordc?rs,  say  to  the  surplus  sons  of  workers  who  want  to  find 
occupations,  '^  We  will  none  of  us  let  our  masters  employ  you/'  Thus 
each  trade,  in  its  eagerness  for  self-protection,  is  regardless  of  other 
trades^  and  sacrifices  numbers  among  the  rising  generation  of  the  ar- 
tisan class.  Kor  is  it  thus  only  that  the  interest  of  each  class  of  arti- 
eans  is  pursued  to  the  detriment  of  the  artisan-class  in  general.  I  do 
not  refer  to  the  way  in  which,  when  bricklayers  strike,  they  tlirow  out 
of  employment  the  laborers  who  attend  them,  or  to  tlie  way  in  which 
the  colliers  now  on  strike  have  forced  idleness  on  the  iron-workers  ;  but 
I  refer  to  the  way  in  which  the  course  taken  by  any  one  set  of  opera- 
tives, to  get  higher  wages,  is  taken  regardless  of  the  fact  that  an  event- 
ual rise  in  the  price  of  the  commodity  produced  is  a  disadvantage  to 
all  other  operatives.  The  class-bias,  fostering  the  belief  i  hat  the  ques- 
tion in  each  case  is  entirely  one  between  employer  and  employed,  be- 
tween capital  and  labor,  shuts  out  the  truth  that  the  interests  of  all 
consumers  are  involved,  and  that  the  immense  majority  of  consumers 
belong  to  the  working-classes  themselves.  If  the  consumers  are  named ^ 
such  of  them  only  are  remembered  as  belong  to  the  wealthier  classes^ 
who,  it  is  thought,  can  well  afford  to  pay  higher  prices.  Listen  to  a 
passage  from  IMr.  George  Potter's  paper j  read  at  the  late  Leeds  Con- 
gress : 

**The  consumer,  in  fact,  in  so  high  a  civilization,  so  arrogant  a  luxurious- 
ness,  <i]id  so  impatieut  an  expectancj  as  characterize  hira  in  our  lanxi  and  age, 
is  ever  ready  to  take  the  alarm  and  to  pour  out  the  pliials  of  his  wrath  tipon 
those  whom  he  merely  suspects  of  taking  a  oonr§e  which  may  keep  a  feather 
out  of  his  bed,  a  spice  out  of  his  dish,  or  a  coal  out  of  his  fire ;  and,  unfortu- 
nately for  the  chance:^  of  fairness,  the  weight  of  his  auger  seldom  falls  upon  tlie 
capitalists,  but  is  most  certain  to  come  crushing  down  upou  the  lowly  laborer, 
who  hm  dared  to  staud  upon  his  own  right  and  independence.^^ 
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From  which  it  might  be  supposed  that  all  skilled  and  unskilled 
arttaans  aod  farm-laborers,  with  their  wives  and  children,  live  upon  air 
— meed  no  food,  no  clothing,  no  furniture,  no  houses,  and  arc  therefore 
lUtsiEected  by  enhanced  pricea  of  commodities.  However  fully  prepared 
for  the  distorting  effects  of  class-bias,  one  would  hardly  have  expected 
eflects  so  great*  One  would  have  thought  it  manifest,  even  to  an  ex- 
treme partisan  of  trades-unions,  that  a  strike  which  makes  coal  as  dear 
again,  affects,  in  a  relatively  small  degree,  the  thousands  of  rich  con- 
anmrrs  above  described,  and  is  very  keenly  felt  by  the  millions  of  poor 
consnmers  to  whom,  in  winti^r,  the  outlay  for  coal  is  a  serious  item  of 
expenditure.  One  would  have  thought  that  a  truth,  so  obvious  in  this 
ca&e«  would  be  recognized  throughout — the  truth  that,  with  nearly  all 
'  ^  of  industry,  the  evil  caused  by  a  rise  of  price  falls  more 
'Q  the  vast  numbers  who  work  for  wages  than  on  the  small 
numbers  who  have  moderate  incomes  or  large  incomes. 

Were  not  their  judgments  warped  by  the  class-bias,  working-men 
might  be  more  pervious  to  the  truth  that  better  forms  of  industrial  or- 
ganization would  grow  up  and  extinguish  this  which  they  regard  as 
oppressive,  were  such  better  forms  practicable.  And  they  might  see 
iat  the  impracticability  of  better  forms  results  from  the  imperfections 
existing  human  nature,  moral  and  intellectual.  If  the  workers  in 
ly  business  could  so  combine  and  govern  themselves  that  the  share 
profit  coming  to  them  as  workers  was  greater  than  now,  while  the 
utereat  on  the  capital  employed  was  less  than  now ;  and  if  they  could 
llio  same  time  sell  the  articles  produced  at  lower  rates  than  like 
tides  produced  in  businesses  managed  as  at  present,  then,  manifest- 
j^  businesses  managed  as  at  present  would  go  to  the  wall.  That  they 
ciot  go  to  the  wall — that  such  better  industrial  organizations  do 
lot  replace  them,  implies  that  the  natures  of  working-men  themselves 
ire  not  good  enough  •,  or,  at  least,  that  there  are  not  many  of  them 
m1  enough.  Happily,  to  some  extent,  organizations  of  a  superior 
fctcoming  possible :  here  and  there  they  have  achieved  en- 
f Successes,  But,  speaking  generally,  the  masses  are  neither 
Sciently  provident,  nor  sufficiently  conscientious,  nor  sufficiently  in- 
elligeot.     Consider  the  evidence. 

That  they  are  not  provident  enough  they  show  both  by  wasting 
_'!ier  wage?*  when  they  get  them,  and  by  neglecting  such  oppor- 
LtL..,L--    LIS  occur  of  entering  into  modified  forms  of  cooperative  indus- 
When  the  Gloucester  Wagon  Company  was  formed,  it  was  de- 
ided  to  reserve  a  thousand  of  its  shares,  of  ten  pounds  each,  for  the 
rorkmcn  emj)loyed  ;  and  to  suit  them  it  was  arranged  that  the  calls 
%  pound  each  should  be  at  intervals  of  three  months.     As  many  of 
taen  earned  £2  10*.  per  week,  in  a  locality  where  living  is  not  cost- 
it  was  considered  that  the  taking  up  of  shares  in  this  manner 
roold  be  quite  practicable.     All  the  circumstances  were  at  the  outset 
ch  as  to  promise  that  prosperity  which  the  company  has  achieved. 
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The  chairman  is  no  less  remarkable  for  his  skill  in  the  conduct  of  lar| 
undertakings  than  for  that  sympathy  with  the  working-classes  whic 
led  him  to  adopt  this  course.  The  manager  had  been  himself  a  wor 
ing-man ;  and  so  fully  possessed  the  confidence  of  working-men  thj 
many  migrated  with  him  from  the  Midland  counties  when  the  con 
pany  was  formed.  Further,  the  manager  entered  heartily  into  tl 
plan — telling  me  himself  that  he  had  rejoiced  over  the  founding  of 
concern  in  which  those  employed  would  have  an  interest.  His  hope 
however,  and  those  of  the  chairman,  were  disappointed.  After  tl 
lapse  of  a  year,  not  one  of  the  thousand  shares  was  taken  up ;  an 
they  were  then  distributed  among  the  proprietors.  Doubtless,  thei 
have  been  in  other  cases  more  encouraging  results.  But  this  case 
one  added  to  others  which  show  that  the  proportion  of  working-mc 
adequately  provident  is  not  great  enough  to  permit  an  extensii 
growth  of  better  industnal  organizations; 

Again,  the  success  of  industrial  organizations,  higher  in  type,  r 
quires  in  the  members  a  nicer  sense  of  justice  than  is  at  present  ge 
era!.  Closer  codperation  implies  greater  mutual  trust ;  and  great 
mutual  trust  is  not  possible  without  more  respect  for  one  anothei 
claims.  When  we  find  that  in  sick-clubs  it  is  not  uncommon  for  mez 
bers  to  continue  receiving  aid  when  they  are  able  to  work,  so  th; 
spies  have  to  be  set  to  check  them ;  while,  on  the  other  hand,  thoi 
who  administer  the  funds  often  cause  insolvency  by  embezzling  then 
we  cannot  avoid  the  inference  that  want  of  conscientiousness  mu 
very  generally  prevent  the  effective  union  of  workers  under  no  reg 
lation  but  their  own.  When,  among  skilled  laborers,  we  find  a  certai 
rate  per  hour  demanded,  because  less  '^  did  not  suffice  for  their  natur 
wants,"  though  the  unskilled  laborers  working  under  them  were  r 
ceiving  little  more  than  half  the  rate  per  hour,  and  were  kept  out  c 
the  skilled  class  by  stringent  rules,  we  do  not  discover  a  moral  sent 
so  much  above  that  shown  by  employers  as  to  promise  success  for  i; 
dustrial  combinations  superior  to  our  present  ones.  While  workmc 
think  themselves  justified  in  combining  to  sell  their  labor  only  c 
certain  terms,  but  think  masters  not  justified  in  combining  to  bu 
only  on  certain  terms,  they  show  a  conception  of  equity  not  hig 
enough  to  make  practicable  a  form  of  cooperation  requiring  that  eac 
shall  recognize  the  claims  of  others  as  fully  as  his  own.  One  perva< 
ing  misconception  of  justice  betrayed  by  them  would  alone  suffi< 
to  cause  failure — ^the  misconception,  namely,  that  justice  requires  8 
equal  sharing  of  benefits  among  producers,  instead  of  requiring,  as 
does,  equal  freedom  to  make  the  best  of  their  faculties.  The  gener 
pplicy  of  trades-unionism,  tending  everywhere  to  restrain  the  superi< 
from  profiting  by  his  superiority  lest  the  inferior  should  be  disadva 
taged,  is  a  policy  which,  acted  out  in  any  industrial  combinations,  mu 
make  them  incapable  of  competing  with  combinations  based  on  tl 
principle  that  benefit  gained  shall  be  proportioned  to  faculty  put  fort 
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j  Thns,  as  acting  on  the  employed  in  general,  the  e1iiss*bia&  obscui-ea 
I  the  trath,  otherwise  not  easy  to  gee,  that  the  existing  type  of  in- 
I  duitrial  organization,  like  the  existing  ty]>e  of  political  organization, 
I  i*nl>out  as  good  as  existing  human  nature  allowti.  The  evils  there  are 
I  in  it  are  nothing  but  the  evils  brought  round  on  men  by  their  own  im- 
I  perfections.  The  relation  of  master  and  workman  has  to  be  tolerated, 
m  J^nse,  for  the  time  being,  no  other  will  answer  as  well.  Looked  at 
W  Mfkti  from  special  interests,  this  organization  of  industry  we  now  see 
[  around  us  must  be  considered  as  one  in  which  the  cost  of  regulation, 
I  ihotigb  not  so  gre^it  as  it  once  was,  is  still  excessive.  In  any  indus- 
I  trial  combination  there  must  be  a  regulating  agency.  That  regulating 
I  agency,  whatever  its  nature,  must  be  paid  for^ — must  involve  a  dedue- 
L  tm  from  the  total  proceeds  of  the  labor  regulated*  The  present  sys- 
■  Wn  is  one  under  which  the  share  of  the  total  proceeds  that  goes  to 
r  pay  for  regulation  is  considerable ;  and,  under  better  systems  to  be 
I  eipecied  hereafter,  there  will  doubtless  be  a  decrease  in  the  cost  of 
'  regulation.  But,  for  the  present,  our  comparatively-costly  system  has 
I      tbejugtification  that  it  alone  succeeds.     Regulation  is  costly  because 

the  men  to  be  regulated  are  defective.     With  decrease  of  their  defects 

will  come  economy  of  regulation,  and  consequently  greater  shares  of 

K^lit  to  themselves. 

Ut  me  not  be  mifiunderstood.     The  foregoing  criticism  does  not 

imply  that  operatives  have  no  grievances  to  complain  of ;  nor  does  it 

I     iraply  that  trade-combinations  and  strikes  are  without  adequate  justi- 

I     ficaticMjg,     It  is  quite  possible  to  hold  that  when,  instead  of  devouring 

L  wir  captured  enemies,  men  made  slaves  of  them,  the  change  was  a 

Bdwp  in  advance  ;  and  to  hold  that  this  slavery,  thougli  absolutely  bad, 

^^ft  Ttlatively  good — was  the  best  thing  practicable  for  the   time 

^^8g,    It  is  quite  possible  also  to  hold  that  when  slavery  gave  place 

[    ^<>  ft  Serfdom  under  which  certain   personal  rights  were  recognized,  the 

I  ^^  arrangement,   though  in  the  abstract  an  inequitable  one,  was 

I  more  equitable  than  the  old,  and  constituted  as  great  an  amelioration 

Omen's  natures  then  permitted,     It  is  quite  possible  to  hold  that 

I     ^hn^  instead  of  serfs,  there  came   freemen  working  for  wages,  but 

L    m\t]  as  a  class  in  extreme  subordination,  this  modified  relation  of  em- 

■Ibyers  and  employed,  though  bad,  was  as  good  a  one  as  was  then 

FWcticable*     And  so  it  may  be  held  that  at  the  present  time,  though 

th^  fonn  of  industrial  government  entails  serious  evils,  those  evils, 

^ocb  less  than  the  evils  of  past  times,  are  as  small  as  the  average 

Inman  nature  allows — are  not  due  to  any  special  injustice  of  the  em- 

I  ploying  class,  and  can  be  remedied  only  as  fast  as  men  in  general 

idrance.     On  the  other  hand,  while  contending  that  the  policy  of  . 
I  trudes-nnions,  and  the  actions  of  men  on  strike,  manifest  an  injustice  as 
igrt^t  as  that  shown  by  the  employing  classes,  it  is  quite  consistent  to 
||teit,  and  even  to  assert,  that  the  evil  acts  of  trade-co^nbinations  are 
^nma  voidable  accompaniments  of  a  needful  self-defence.     Selfishness 
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on  the  one  side,  resisting  selfishness  on  the  other,  inevitably  oommita 
sins  akin  to  those  it  complains  of — cannot  effectually  check  harsh  deal- 
ings without  itself  using  harsh  measures.  Further,  it  may  be  fully 
admitted  that  the  evils  of  working-class  combinations,  great  as  they 
are,  are  accompanied  by  certain  benefits,  and  will  perhaps  hereafter  be 
followed  by  greater  benefits — are  evils  accompanying  the  transition  to 
better  arrangements. 

Here  my  purpose  is  neither  to  condenm  nor  to  applaud  the  ideas 
and  actions  of  the  employed  in  their  dealings  with  employers ;  but 
simply  to  point  out  how  the  class-bias  warps  working-men's  judgments 
of  social  relations — ^makes  it  difficult  for  working-men  to  see  that  our 
existing  industrial  system  is  a  product  of  existing  human  nature,  and 
can  be  improved  only  as  fiast  as  human  nature  improves. 

The  ruling  and  employing  classes  display  an  equally-fitrong  bias  of 
the  opposite  kind.  From  their  point  of  view,  the  behavior  of  their 
poorer  fellow-citizens  throughout  these  struggles  appears  uniformly 
blamable.  That  they  experience  from  a  strike  inconvenience,  more  or 
less  considerable,  sufficiently  proves  to  them  that  the  strike  must  be 
wrong.  They  think  there  is  something  intolerable  in  this  indepen- 
dence which  leads  to  refusals  to  work  Qxcept  at  higher  wages  or  for 
shorter  times.  That  the  many  should  be  so  reckless  of  the  welfare  of 
the  few,  seems  to  the  few  a  grievance  not  to  be  endured.  Though  Mr. 
George  Potter,  as  shown  above,  wrongly  speaks  of  the  consumer  as 
though  he  were  always  rich,  instead  of  being,  in  nine  cases  out  of  ten, 
poor ;  yet  he  rightly  describes  the  rich  consumer  as  indignant  when 
operatives  dare  to  take  a  course  which  threatens  to  raise  the  prices  of 
necessaries  and  make  luxuries  more  costly.  This  feeling,  often  be- 
trayed in  private,  exhibited  itself  in  public  on  the  occasion  of  the  late 
strike  among  the  gas-stokers ;  when  there  were  uttered  proposals  that 
acts  entailing  so  much  inconvenience  should  be  put  down  with  a 
strong  hand.  And  the  same  spirit  was  shown  in  that  straining  of  the 
law  which  brought  on  the  men  the  punishment  for  conspiracy,  instead 
of  the  punishment  for  breach  of  contract ;  which  was  well  deserved, 
and  would  have  been  quite  sufficient. 

This  mental  attitude  of  the  employing  classes  is  daily  shown  by  the 
criticisms  passed  on  servants.  Read  "  The  Greatest  Plague  in  Life,'' 
or  listen  to  the  complaints  of  every  housewife,  and  you  see  that  the 
minds  of  masters  and  mistresses  are  so  much  occupied  with  their  own 
interests  as  to  leave  little  room  for  the  interests  of  the  men  and  maids 
in  their  service.  The  very  title, "  The  Greatest  Plague  in  Life,"  implies 
that  the  only  life  worthy  of  notice  is  the  life  to  which  servants  min- 
ister ;  and  there  is  an  entire  unconsciousness  that  a  book  with  the 
same  title,  written  by  a  servant  about  masters  and  mistresses,  might 
be  filled  with  equally-severe  criticisms  and  grievances  far  more  serious. 
Tlie  increasing  independence  of  servants  is  enlarged  upon  as  a  change 
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to  be  lamented.     TLere  U  no  recognition  of  the  fact  that  this 

sing  iodeptfndence  implies  an  increasing  prosperity  of  the  clasdes 

from  which  seriraots  come ;  and  that  this  amelioration  in  the  couditiou 

\h*'  many  is  a  good  far  greater  than  the  evil  entailed  oii   the  few* 

\»  not  perceived  that  if  servants,  being  in  great  demand  and  easily 

txle  to  get  places,  will  no  longer  submit  to  restrictions,  say  about 

like  those  of  past  times,  the  change  is  part  of  the  proi^reas  tow- 

\  Ei0ciat  i^taie  which,  if  apparently  not  so  convenient  for  the  small 

fttj^laling  classes,  implies  an  elevation  of  the  large  regulated  classes. 

The  feeling  shown  by  the  rich,  in  their  though u  about  and  dealings 
I  with  the  poor,  is^  m  truth,  but  a  mitigated  form  of  the  feeling  which 
i  of  serfs  and  owners  of  slaves  disi>layed.  In  early  times  bonds- 
f  were  treated  as  though  they  existed  simply  for  the  benefit  of  their 
Oimen;  and  down  to  the  present  time  the  belief  per^^ading  the  select 
mka  (not  indeed  expressed,  but  clearly  enough  implied)  isi,  that  the 
edoveiuence  of  the  select  is  the  first  consideration,  and  tiie  welfare  of 
tk  VBxnn%  SL  secondary  consideration.  Just  as  an  Old-English  thane 
VDold  have  been  astonished  if  told  that  the  only  justification  for  his 
nistiasee  as  an  owner  of  thralls  was,  that  the  lives  of  his  thralls  were 
iin  the  whoW  better  preserved  and  more  comfortable  than  they  would 
lit*  did  he  not  own  them  ;  so,  now,  it  will  astonish  the  dominunt  classes 
19  aMtrt  that  their  only  legitimate  rauon  d^Ure  is,  that  by  their  iiistru- 
tMntality  an  regulators  the  lives  of  the  people  are,  on  the  average, 
ttKta  more  satisfactory  than  they  would  otherwise  lie.  And  yet, 
kxiked  at  apart  from  class-bias,  this  is  surely  an  undemable  truth. 

IEtKically  considored,  there  has  never  been  any  warrant  for  the  subjec- 
lioo  oC  lh4f  many  to  the  few,  except  that  it  has  furthered  the  welfare 
i^lhe  many;  awd,  at  the  present  time,  furtherance  of  the  welfare  of  the 
saoy  is  the  ooly  warrant  for  that  degree  of  class-subordination  which 
ecnttanea.    The  existing  conception  must  be,  In  the  end,  entirely 
eiuged.    Just  as  the  old  theory  of  political  government  has  been  so 
timdiofilied  that  the  ruling  agent,  instead  of  being  owner  of  the  na- 
lioii,hait  eome  to  be  regarded  as  servant  of  the  nation;  so  the  old 
i  tfceory  of  iodn^trial  and  social  government  has  to  undergo  a  transfor- 
Ifaatioa  which  will  make  the  regulating  classes  feel,  while  duly  pursuing 
I  interests,  that  their  interests  are  secondary  to  the  interests 
i  whose  labors  they  direct. 
Ele  the  bias  of  rulers  and  masters  makes  it  difficult  for  them  to 
I  this,  it  also  makes  it  difficult  for  them  to  conceive  that  a  de- 
^elasa-power  and  a  decrease  of  class-distinctions  may  be  accom- 
pta&4  by  improvement  not  only  in  the  lives  of  the  regulated  classes, 
baitft  tlie  live»  nf  the  reguhiting  classes.     The  sentiments  and  ideas 
flti|icr  ta  the  existing  social  organization  prevent  the  rich  from  seeing 
r  and  weariness  and  disappointment  result  to  them  indirectly 
Faocial  syBt<»m,  apparently  so  conducive  to  their  welfare.    Yet, 
they  contemplate  the  past,  they  might  find  strong  reiisons  for 
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suspecting  as  much.  The  baron  of  feudal  days  never  imagined  the 
possibility  of  social  arrangements  that  would  serve  him  far  better  than 
the  arrangements  he  so  strenuously  upheld ;  nor  did  he  see  in  the  ar- 
rangements he  upheld  the  causes  of  his  many  sufferings  and  discom- 
forts. Had  he  been  told  that  a  noble  might  be  much  happier  without 
a  moated  castle,  having  its  keep  and  secret  passages  and  dungeons  for 
prisoners — that  he  might  be  more  secure  without  drawbridge  and 
portcullis,  men-at-arms  and  sentinels — that  he  might  be  in  less  danger 
having  no  vassals  or  hired  mercenaries — ^that  he  might  be  wealthier 
without  possessing  a  single  serf;  he  would  have  thought  the  state- 
ments absurd  even  to  the  extent  of  insanity.  It  would  have  been  use- 
less to  argue  that  the  rigime  seeming  so  advantageous  to  him  entailed 
hardships  of  so  many  kinds — ^perpetual  feuds  with  his  neighbors,  open 
attacks,  surprises,  betrayals,  revenges  by  equals,  treacheries  by  infe- 
riors ;  the  continual  carrying  of  arms  and  wearing  of  armor ;  the  per- 
petual quarrellings  of  servants  and  disputes  among  vassals ;  the  coarse 
and  unvaried  food  supplied  by  an  unprosperous  agriculture ;  a  domes- 
tic discomfort  such  as  no  modern  servant  would  tolerate ;  resulting  in 
a  wear  and  tear  that  brought  life  to  a  comparatively  early  close,  if  it 
was  not  violently  cut  short  in  battle  or  by  murder.  Yet  what  the 
class-bias  of  that  time  made  it  impossible  for  him  to  see,  has  become  to 
bis  modern  representative  conspicuous  enough.  The  peer  of  our  day 
knows  that  he  is  better  off  without  defensive  appliances,  and  retainers, 
and  serfs,  than  his  predecessor  was  with  them.  His  country-house  is 
more  secure  than  was  an  embattled  tower ;  he  is  safer  among  his  un- 
armed domestics  than  a  feudal  lord  was  when  surrounded  by  armed 
guards ;  he  is  in  less  danger  going  about  weaponless  than  was  the 
mail-cl&d  knight  with  lance  and  sword.  Though  he  has  no  vassals  to 
fight  at  his  command,  there  is  no  suzerain  who  can  call  on  him  to  sacri- 
fice his  life  in  a  quarrel  not  his  own ;  though  he  can  compel  no  one  to 
labor,  the  labors  of  freemen  make  him  immensely  more  wealthy  than 
was  the  ancient  holder  of  bondsmen ;  and  along  with  the  loss  of  direct 
control  over  workers  there  has  grown  up  an  industrial  system  which 
supplies  him  with  multitudinous  conveniences  and  luxuries  undreamt 
of  by  him  who  had  workers  at  unchecked  command. 

Mfiy  we  not,  then,  suspect  that,  just  as  the  dominant  classes  of  an- 
cient days  were  prevented  by  the  feelings  and  ideas  appropriate  to 
the  then-existing  social  state  from  seeing  how  much  evil  is  brought  on 
them,  and  how  much  better  for  them  might  be  a  social  state  in  which 
their  power  was  much  less ;  so  the  dominant  classes  of  the  present  day 
are  disabled  from  seeing  how  the  existing  forms  of  class-subordination 
jedound  to  their  own  injury,  and  how  much  happier  may  be  their  fu- 
ture representatives  having  social  positions  less  prominent?  Occa- 
sionally recognizing^  though  they  do,  certain  indirect  evils  at^fending 
their  supremacy,  they  do  not  see  that  by  accumulation  these  indirect 
evils  constitute  a  penalty  which  supremacy  brings  on- them.     Though 
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tbcy  repeat  the  trite  reflectioB  that  richea  fail  to  purchase  content, 

■  they  do  not  draw  the  inference  that  there  must  be  sometLiijg  \iTong 

in  a  system  which  thus  deludes  them.     You  hear  it  from  time  to  time 

idniitted  that  great  wealth  is  a  heavy  burden :  the  life  of  a  rich  peer 

being  described  as  made  like  the  life  of  au  attorney  by  the  extent  of 

bis  affairs.     You  ob^rve,  among  those  whose  large  means  and  various 

eaiat^s  enable  them  to  multiply  their  appliances  to  gratification,  that 

every  new  appliance  becomes  an  additional  something  to  be  looked 

after,  and  adds  to  the  possibilities  of  vexation.     Further,  if  you  put 

together  the  open  confessions  and  the  tacit  admissions,  you  find  that, 

tpait  from  these  anxieties  and  annoyances,  the  kind  of  life  which 

[  ricbei  and  honors  bring  is  not  a  satisfactory  life — its  inside  differs  im- 

hwDsely  from  its  outside.     lu  candid  moments  the  "  social  tread-mill  " 

[k  ctwnplaincd  of  by  those  who  nevertheless  think  themselves  com- 

[jelled  to  keep  up  its  monotonous  round.     As  every  one  may  see,  fasli- 

poMble  life  is  passed,  not  in  being  happy,  but  in  playing  at  being 

pappy.    And  yet  the  manifest  corollary  is  not  drawn  by  tljose  engaged 

[in  lfai«  life. 

I  To  an  outsider  it  is  obvious  that  the  benefits  obtained  by  the  regu- 
Hative  classes  of  our  day,  through  the  existing  form  of  social  organ iza- 
ili(m,arc  Ml  of  disguised  evils;  and  that  this  undue  wealth  wliieh 
blikii  possible  the  passing  of  ijle  lives  brings  dissatisfactions  in  place 
wf  thtj  satisfactions  expected.  Just  as  in  feudal  times  the  appliances 
fcr  safety  were  the  accompaniments  to  a  social  state  that  brought  a 
more  than  equivalent  danger;  so,  now,  the  excess  of  aids  to  pleasure 
inong  the  rich  is  the  accompaniment  of  a  social  state  that  brings  a 
eoantcrbalancing  displeasure.  The  gratifications  reached  by  those 
vbo  make  the  pursuit  of  gratifications  a  business,  dwiodte  to  a  mini- 
^anm;  while  the  trouble,  and  weariness,  and  vexation,  and  jealousy, 
btod  disappoint ment,  rise  to  a  maximum.  That  this  is  an  inevitable 
l^iilt  any  one  may  see  who  studies  the  psychology  of  the  matter, 
pte  pleasure-hunting  life  fails  for  the  reason  that  it  leaves  large  parts 
|W  the  nature  nnexercised:  it  neglects  the  satisfactions  gained  by  snc- 
p*«ftj|  activity,  and  there  is  missing  from  it  the  serene  consciousness 
p  ^Trices  rendered  to  others.  Egoistic  enjoyments,  continuously  pur- 
P^»  pall,  because  the  appetites  for  them  are  satiated  in  times  much 
m^nn  than  our  waking  lives  give  us :  leaving  times  tl^at  are  either 
ptpty  or  spent  in  eftbrts  to  get  enjoyment  after  desire  has  ceased, 
P»<7  pall  aUo  from  the  want  of  that  broad  contrast  which  arises 
Weo  a  moiety  of  life  is  actively  occupied.  These  negative  causes  of 
Ptoatiftfiiction  are  joined  with  the  positive  cause  indicated — the  ab- 
*  it  content  gained  by  successful  achievement.     One  of  the 

^  ._  ive  and  enduring  gratifications  is  the  sense  of  personal 
W>T\\  ever  afresh  demonstrating  itself  to  consciousness  by  effectual 
ption ;  and  an  idle  life  is  l»alked  of  its  hopes  partly  because  it  lacks 
P*.    Lastly,  the  implied  absence  of  altruistic  activities,  or  of  activi- 


pro- 
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ties  felt  to  be  in  some  way  serviceable  to  others,  brings  kindred  evib 
— ^an  abseuce  of  certain  positive  |*!easurea  of  a  high  order,  not  easily 
exhauBtud,  and  a  further  failing  liuck  on  egoistic  pleasures,  again  tend- 
ing toward  satiety.  And  all  this,  with  its  resulting  weariness  and  dis- 
eontcntj  we  may  trace  to  a  social  organization  under  which  there  comes 
to  tlie  regulating  classes  a  share  of  produce  great  enough  to  make 
posBible  large  aeeuninlations  that  support  useless  descendants. 

The  bias  of  the  wealthy  in  favor  of  arrangements  apparently  50 
conducive  to  their  comforts  and  pleasures,  while  it  shuts  out  the  per- 
ception of  these  indirect  penalties  brought  round  on  them  by  their 
seeming  advaiituges,  alno  shuts  out  the  pereeplion  that  there  is  any 
thing  mean  in  being  a  useless  consumer  of  things  which  others  pro- 
duce* Contrariwise,  there  still  survives,  though  in  a  weaker  form, 
belief  that  it  is  honorable  to  do  nothing  but  seek  enjoyments, 
relatively  dishonorable  to  pass  life  in  supplying  olhei^  with  the  m< 
to  enjoyment.  In  thisj  as  in  other  things,  our  temporary  state  bi 
a  temporary  standard  of  honor  appropriate  to  it ;  and  the  accompany 
iDg  sentiments  and  ideas  exclude  the  conception  of  a  state  in  which 
what  is  now  thought  admirable  will  be  thought  disgraceful*  Yet  it 
needs  only,  as  before,  to  aid  imagination  by  studying  other  times  aud 
other  societies,  remote  in  nature  from  our  own,  to  see  at  least  the  pofi- 
mbility  of  this.  When  we  contrast  the  feeling  of  the  Feejeeans,  among 
whom  a  man  has  a  restless  ambition  to  be  acknowledged  as  a  murderer, 
with  the  feeling  among  civilized  races,  who  shi-ink  with  horror  from  a 
murderer,  we  get  undeniable  proof  thai  men  in  one  social  state  pride 
themselyes  in  characters  and  deeds  elsewhere  held  in  the  greatest  de- 
testation. Seeing  which,  we  may  infer  that,  just  as  the  Feejeeans,  Ije- 
lieving  in  the  honorableneSB  of  murder,  are  regarded  by  us  with  astou- 
isbment ;  so  those  of  our  own  day  who  pride  themselves  in  consuming 
much  aud  producing  nothing,  and  who  care  little  for  the  w^elbbeing  of 
their  society  so  long  as  it  supplies  them  with  good  dinners,  soft  beds, 
and  pleasant  lounging-placcs,  may  be  regarded  with  astonishment  by 
men  of  times  to  come,  living  under  higher  social  forms.  Nay,  we  may 
see  not  merely  the  possibility  of  such  a  change  in  sentiment,  but  the 
probability.  Observe  first  the  feeling  still  extant  in  China,  where  the 
honorableness  of  doing  nothing,  more  strongly  held  than  here,  make* 
the  wealthy  wear  their  nails  so  long  that  they  have  to  be  tied  back 
out  of  the  way,  and  makes  the  ladies  submit  to  prolonged  tortui*es 
that  their  crushed  feet  may  show  their  incapacity  for  work.  Next,  re- 
member that,  in  generations  gone  by,  both  here  and  on  the  Continent, 
the  disgracefulness  of  trade  was  an  article  of  faith  among  the  upper 
classes,  maintained  very  strenuously.  Xow,  mark  how  members  o€ 
the  landed  class  are  going  into  business,  and  even  sons  of  peers  becom- 
ing professional  men  and  merchants ;  and  observe  among  €he  wealthy 
the  feelinyr  that  men  of  their  order  have  public  duties  to  perform,  and 
that  the  absolutely  idle  among  them  are  blameworthy.     Clearly,  theziy 
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wt  hare  grounds  for  inferring  that,  along  with  the  progress  to  a  regu 
^ioii  higher  than  the  present,  there  will  be  a  chaiigL^  of 
,        i    I r td  in  the  ccnceptiou  of  honor.     It  will  become  a  matter 
qI  wooder  that  there  should  ever  have  existed  those  who  thought  it 
able  to  enjoy  without  working,  at  the  expense  of  others   who 
rked  without  enjoying. 
Bat  the  temporarily  adapted  mental  state  of  the  ruling  and  em- 
ploying claaaea  keeps  out,  more  or  less  effectually,  thoughts  and  feel- 
ings of  these  kinds.     Habituated  from    childhood   to   the  forms  of 
subordination  at  present  existing — regarding  these  as  jiarts  of  a  natural 
permanent  order — finding   satisfaction   in   supremacy,  and  con- 
uieaoes  in  the  possession  of  authority ;  the  regulators  of  all  kinds 
t  unconscious  that  this  system,  made  neceaaary  as  it  is  by  the 
of  existing  human  nature,  brings   ronnd   penalties  on  them* 
» as  well  as  on  those  subordinate  to  them,  and  that  its  pervading 
orr  of  life  is  aa  mistaken  as  it  is  ignoble* 


Snoagh  has  been  said  to  show  that  from  the  class-bias  arise  further 
sles  to  right  thinking  in  sociology.  As  a  part  of  some  general 
of  a  commimity,  and  again  as  a  part  of  some  special  subdi- 
the  citixen  acquires  adapted  feelings  and  ideas  which  inevitably 
iahince  his  conclui^ions  about  public  affairs.  They  affect  alike  his 
cooceptioDS  of  the  past,  his  interpretations  of  the  present,  his  antici- 
pitidos  of  the  futtire. 

Members  of  the  regulated  classes,  kept  in  relations  more  or  less 
intBgonistic  with  the  classes  regulating  them,  are  thereby  hindered 
frwa  teeing  the  need  for,  and  benefits  of,  this  orgauizatiou  which 
t^Wk  the  cause  of  their  grievances ;  they  are  at  the  same  time  bin- 
<lir«dteoi  fteetng  the  need  for,  and  lienefits  of,  the  harsher  forms  of 
XBfartrial  regulation  that  existed  during  pust  times;  and  they  are  also 
lii&dii^from  seeing  that  the  improved  industrial  organizations  of  the 
fatore  can  come  only  through  improvements  in  their  own  natures?. 
OatKc  other  hand,  members  of  the  regulating  classes,  wliile  partially 
littdfed  to  the  facts  that  the  defects  of  tht*  working-classes  are  the 
Mttts of  natures  like  their  own  placed  under  different  conditions,  and 
^  the  existing  system  is  defensible,  not  for  its  convenience  to  them- 
••lua,  btit  as  being  the  best  now  practicable  for  the  community  at 
1f|t^are  also  partially  blinded  to  the  vices  of  past  social  arrange- 
^^tA,  and  to  the  badness  of  those  who  in  jiaat  social  systems  used 
fWpowcT  less  mercifully  than  it  is  used  now ;  while  they  have  difli- 
i*uli^  in  »<keing  that  the  present  social  order,  like  past  social  orders,  is 
ry,  and  that  the  regulating  classes  of  the  future  may  have, 
ashed  power,  increased  happiness. 
Unfortunately  for  the  Social  Science,  the  class-bias,  like  the  bhia 
ititisni,  i«  in  a  degree  needful  for  social  preservation.  It  is  like 
floo,  that  escape  from  its  influence  is  often  only  effected  by  an 
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effort  that  carries  belief  to  an  opposite  extreme — changiDg  appron- 
into  a  disapproval  that  is  entire  instead  of  partial.  Hence,  in  the  oi 
case,  as  in  the  other,  we  mnst  infer  that  the  resulting  obstacle  to  ivm 
balanced  conclusions  can  become  less  only  as  social  evolution  beooai( 
greater. 


THE  BORERS  OF  THE  SEA. 

MANY  stories  are  current  as  to  how  inventors  have  borrowed  l 
stolen  their  ideas  from  Nature,  and  there  has  been  much  ia 
genious  discussion  as  to  whether  hints  thus  appropriated  are  propoE; 
patentable.  Boring  is  an  example  of  natural  processes  that  li%,i 
been  thus  used  by  art,  and  it  is  remarkable  that  the  lowest  creataii 
are  the  most  skilful  mechanics  in  this  particular.  An  eminent  firiq 
inventor,  who  has  made  a  fortune  out  of  a  patent  auger,  hit  upcm  tl 
method  followed  by  the  most  successful  insects  which  bore  into  hfljk 
wood.  And  so  we  are  assured  that  the  celebrated  engineer  Br 
in  constructing  the  Thames  Tunnel,  but  imitated  the  shell-lined  1 
of  the  Teredo  navaliSy  or  Ship-worm.  This  moUusk  in  shape 
bles  a  worm,  and  surrounds  itself  with  a  shell  open  at  both 
From  the  mouth  it  can  protrude  its  short  foot,  and  the  other  es 
of  its  body ;  the  "  tail "  is  bifurcated,  one  prong  being  the  inspir 
and  the  other  the  expirator  tube  of  the  siphon  which  constitutes 
animal's  nutritive  apparatus. 

It  has  long  been  a  subject  of  controversy  among  naturalists 
the  Ship-worm  and  other  mollusks  of  the  same  family  bore  their  ^ 
into  the  rocks  and  timbers  which  they  penetrate.     As  regards 
Pholades,  for  instance,  Mr.  Robertson,  who  kept  these  animals  alivsl 
their  chalky  burrows,  and  studied  their  habits  with  the  closest  atM 
tion,  found  that  when  burrowing  they  make  a  half-revolution  of  thflf 
shell  to  the  right,  and  then  back  to  the  left,  after  the  manner  of  a 
penter  using  a  brad-awL    The  Pholas  is  a  bivalve,  club-shaped, 
the  outer  surface  of  its  shell  is  covered  with  small  teeth  in  curves, 
resembling  the  face  of  a  rasp.    These  teeth  would  naturally  seem 
suited  for  the  purpose  of  boring,  yet  all  naturalists  are  not  agreed 
this  point.     Thus,  some  hold  that  the  animal  secretes  an  acid 
vent,  which  causes  the  material  in  which  it  is  burrowing  to  d 
Then  only  is  it  that,  securing  itself  with  its  sucker-like  foot,  it 
itself  from  right  to  left,  and  vice  veraa^  to  widen  the  passage. 
Mr.  Gwynn  Jeffreys,  as  stated  in  the  December  number  of  Thb  Pt 
LAR  SciEycE  Monthly,  is  of  opinion  that  the  foot,  which  he  sayi 
charged  with  siliceous  particles,  is  the  true  boring  apparatus  of  aU 
conchifera,  and  acts  like  the  leaden  wheel  of  the  lapidary.  « 

The  history  of  the  development  of  the  Teredo  is  thus  given  by  K? 
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"  T\\Q  larva,  which  is  at  first  almost  spherical  and  en- 
with  vibratlle  cilia,  may  be  compared  to  a  very  miuiite 
>  in  wbii'h  every  spine  acts  as  a  natatory  orgau.     It  swims 
ions  with  extreme  agility,  and  this  first  state  continues 
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« day  and  a  hal£     Toward  the'  end  of  this  time  the  external 
or  '    after  being  incrusted  with  calcareous  salts,  becomes 

fl,  u  :it  first  oval,  then  triangular,  and  at  last  very  nearly 

While  the  shell  is  being  formed,  the  vibratile  cilia  disap- 
Imt  the  little  animal  is  not  on  that  account  condemned  to  inac- 
\  In  pToporlion  hs  the  extenml  cilia  diminish,  wc  observe  that  an- 
fi|ciaily  riUftled  organ  becomes  developed,  which  widens  and  ex- 
r  ID  &uch  a  munner  as  to  form  a  large  collar  or  niff  margined  with 
Tht-*  new  organ  of  locomotion  may  be  entirely  concealed 
11,  or  may  be  extended  from  it,  and  acts  io  the  manner 
wheel  of  a  steamboat. 
;y  means  of  this  apparatus  the  young  larva  continues  to  swim 
mo*  V  ^  ■'  tv  as  in  its  earlier  age;  bnt  it  now,  moreover,  ao- 
amiib'  ,  a  sort  of  fleshy  foot,  which  can  be  extended  and 

led  At  will.     It  has  abo  organs  of  hearing  similar  to  those  of 
maUnskA,  and  eyes  analograLs  to  thos^e  of  certain  annelid^*." 
mataiiicirphnsis  \n  when  the  Teredo  takes  its  worm-shape,  and 

I  its  boring  operations. 
1  -  - ,    ,    -  .i| 'posed  to  have  been  originally  a  native  of  tropical 
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or  semitropical  seas,  though  now  it  is  found  in  high  latitudes. 
not  appear  to  have  been  known  to  the  Greeks  or  Romans,  or  i 
its  ravages  in  ancient  times  could  not  have  been  very  great,  eli 
unsheathed  hulls  of  Greek  and  Roman  vessels  would  have  be€ 
forated.     The  Pholas  penetrates  stone  as  well  as  wood,  but  the  ' 
loves  most  to  burrow  into  timber. 

The  tlamage  done  to  submerged  timbers  by  the  Teredo  is  enorm 
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It  once  threatened  the  dikes  of  Holland  with  destruction, 
of  the  pier  at  Yarmouth  was  so  honey-combed  with  perforation«^ 
it  might  easily  be  crushed  between  the  hands  as  though  it  were  paj 
the  partition  between  the  various  tubes  being  in  many  places  as  1 
as  parchment.  A  piece  broken  off  this  pier,  and  measuring  about  1 
11  inches,  weighed  less  than  fonr  ounces-^  including  the  shelly  linia| 
the  tubes.  In  the  space  of  40  days  a  piece  of  deal  was  fairly  ride 
by  these  borers,  and  Wood,  in  his  **  Katural  History,"  gives  an  insti 
of  their  attacking  ailoating  blociv  of  oak.  This  block  had  a  large! 
bolt  passing  through  its  centre,  the  mstiug  of  which  preserved 
timber  for  a  small  space  all  around  from  the  attacks  of  the 
But  all  the  block  not  so  protected  was  honey-combed. 

The  Ship-worm  always  makes  its  perforations  in  the  direction  1 
grain  of  the  timber,  except  where  a  knot,  or  the  shell  of  another Ter< 
or  hindrance  of  any  kind  is  met  with,  and  then  it  takes  a  turn  accJ 
ing  to  circumstances,  The  animal  begins  to  bore  long  before  it 
reached  its  full  size,  and  it  grows  within  the  cavity  which  it  mal 
When  taken  out  of  the  tube  the  Ship-worm  is  found  to  be  a  k| 
grayish-white  animal,  about  one  foot  long  and  half  an  inch  thick,  | 
rounded  head  and  forked  tail.  The  Giant  Teredo  of  Sumatra  aid 
the  length  of  six  feet,  and  a  diameter  of  three  inches.  This  anil! 
however,  differs  from  the  Ship-worm  in  this,  that  it  docs  not  pcnell 
timber,  but  only  burrows  into  the  hardened  mud  of  the  sea-bed  J 

The  use  of  copper-sheathing  to  protect  ships  from  the  Ship-W^ 
so  well  known  that  it  need  but  be  simply  referred  to  here.  It  is 
perhaps  so  generally  known  that,  if  timber  be  driven  full  of  iron  ni 
the  same  object  is  attained.     Another  method  of  protectino 
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▼ork  consists  in  forcing  into  its  pores  a  solution  of  corrosive  sublimate. 
The  odIt  objection  to  tbis  method  is  its  great  cnst.  Qnatrefages,  how- 
jyeTi  asserts  that  one  twenty-millionth  part  of  corrosive  sublimate  is 
■qqI^  to  destroy  all  the  young  Ship-worms  in  two  hours.  He,  there- 
B^i  proposes  that  ships  should  be  cleared  of  tbis  fearful  pest  by 
W/^  taken  into  a  closed  dock,  into  which  a  few  haudfuls  of  corrosive 
ftublimate  should  be  thrown  and  well  mixed  with  the  water*  The  salts 
nf  copper  and  lead  have  a  similar  effect,  but  do  not  act  so  instan- 
llincoiisly* 

I  The  Teredo  does  not  perforate  rock,  but  the  Pholas  acts  an  iinpor- 
mnt  part  in  brining  about  geological  changes,  owing  to  bis  habit  of 
■boring  rocks.  There  is  no  doubt  that  the  chalk-cliffs  of  England  are 
Hnt  tunnelled  by  the  Pholades,  and  then  gradually  destroyed  by  the 
■taves  of  the  !^ea. 

I  Of  the  Date-shell,  another  very  interesting  borer,  Wood  gives  the 
■bllomng  account :  "  It  is  truly  a  wondei-ful  little  shell.  Some  of  the 
Birdegt  ttones  and  stoutest  shells  are  found  pierced  by  hundreds  of 
Kswe  curious  beings,  which  seem  to  have  one  prevailing  instinct, 
namely,  to  bore  their  way  through  every  thing.  Onward,  ever  on- 
Bird,  seems  to  be  the  law  of  their  existence,  and  most  thoroughly  do 
nftlcy  carry  it  out.  They  care  little  for  obstackSj  and,  if  one  of  their 
own  kind  happens  t-o  cross  their  path,  they  quietly  proceed  with  their 
tork,  and  drive  their  tunnel  completely  through  the  body  of  their 
vpotnpanioii.^' 

■  Of  the  Saxicava  ruffosa,  another  borer,  Wood  gives  this  descrip- 
Bon:  ''It  is  a  flattish  bivalve,  symmetrical  in  shape  when  young, 
Bat  oblong  when  old.  It  burrows  as  rapidly  as  the  Lithodomus^  and 
Hiio  rock  of  adamantine  density.  Sometimes  it  bores  into  coral s,  frc- 
fcently  into  limestone,  and  often  into  shells,  which  it  penetrates  as 
Hieplj  as  the  Date-shell.  Some  of  the  enormous  stones  employed  in 
Hupag  the  Plymouth  Breakwater  are  now  much  wasted  by  the  boles 
^Eftin  ihem  by  the  SaxicavaJ*^  Like  the  Date-shell,  too,  this  animal 
Rffli  iu  tunnels  at  every  angle,  and  turns  out  of  its  conrse  for  no  con- 
■Mem ion  whatever. 

tTlie  Razor-shell  makes  a  burrow  in  the  sand,  and  there  lives  with  its 
■Hi  or  recurved  food-tube,  appearing  just  above  the  mouth  of  the 
•wTOir.  It  may  often  be  seen  **  spouting,'*  or  sending  forth  small  jets 
<J(f  water  from  its  hiding-place  in  the  sand  after  the  tide  has  retreated, 
ipn  nanuning  the  spot  cautiously — for  the  creature  is  somewhat  shy 
»"liro  round  holes  in  the  sand,  answering  to  the  two  fringed  openings 
Uf  the  Kazor-shelFs  siphon,  will  be  seen,  resembling  a  key-hole,  and 
Wt^h  large  enough  to  admit  a  common  goose-quill.  But,  if  the  animal 
■»  approached  rudely,  or  if  the  finger  be  placed  on  the  openings,  the 
BpoUttik  disappears  deep  in  the  burrow.  The  Razor-shell  is  possesied 
W  a  Tory  muscular  "  foot,"  as  it  is  called,  but  it  might  as  well  bo 
■Mnt-J  a  hand  or  a  tongue.     By  means  of   this  organ,  which  they 
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elongate  or  contract  at  pleasure,  the  animals  are  enabled  to  burrow 
and  to  go  "  up  and  down  stairs "  with  great  rapidity.  It  requires 
dexterous  management;  to  capture  the  Razor-shell  alive.  When  they 
are  wanted  for  food  or  for  bait,  the  usual  plan  is  to  shoot  into  the  sand, 
alongside  of  a  "  spout,"  a  hooked  iron  rod,  which  must  be  at  once 
pulled  out  again  obliquely,  so  as  to  fetch  the  shell. 

A  better  way  is  to  drop  a  little  salt  on  its  tail,  or  at  least  on  its 
siphon-Qritices.  If  this  be  done,  the  animal  will  rise  partly  out  of  its 
burrow — for  it  hates  undiluted  chloride  of  sodium — and  may  then  be 
captured,  if  you  be  quick.  But,  if  you  should  fiail  to  seize  the  creature 
at  the  first  attempt,  in  vain  would  you  pour  salt  in  the  burrow;  the 
mollusk  now  sees  the  artifice,  and  is  not  to  be  imposed  upon  a  second 
time. 

The  AspergiUurriy  or  Watering-pot  Shell,  derives  its  name  from  its 
perforated  disk,  which  much  resembles  the  snout  of  a  watering-pot.  This 
animal  burrows  into  sand  or  bores  into  stone,  wood,  or  thick  shells. 
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When  in  its  burrow,  its  narrow  end,  containing  the  openings  of  iti  g 
siphon,  protrudes.  To  the  same  group  belongs  the  Flask-shell,  whiA  ^ 
perforates  shells  of  every  kind,  attaching  them  to  itself  by  means  of  ^ 
some  natural  cement.  It  thus  often  constructs  around  itself  a  casing  -f 
like  a  flask,  and  hence  its  name.  ^: 

We  will  close  this  notice  of  the  Borers  of  the  Sea  with  some  Kh  - 
count  of  the  Mf/a  arenaria^  or  Gaper-shell,  which  burrows  into  sand,  ^ 
and  which  derives  its  name,  gaper,  from  the  fact  that  its  bivalve^hdl  Z- 
gapes,  to  allow  its  long,  stout  tube  to  protrude.     "  It  inhabits  sandy  ^- 
and  muddy  shores,"  says  Wood,  "  and,  to  an  inexperienced  eye,  b  J 
quite  invisible.     The  shell  itself,  together  with  the  actual  body  of  th6  H 
mollusk,  is  hidden  deeply  in  the  mud,  seldom  less  than  three  inches^ 
and  generally  eleven  or  twelve  inches  from  the  surface.     In  this  pod* 
tion  it  would  be  unable  to  respire  were  it  not  for  the  elongated  tube, 
which  projects  through  the  mud  into  the  water,  and  just  permits  the 
oxtreniities  of  the  siphons  to  show  themselves,  surrounded  by  the 
little  radiating  tentacles  which  betray  them  to  the  experienced  shell* 
hunter." 
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OX  THE  CAUSES  WHICH  OPERATE  TO  CREATE 
SCIENTIFIC  MEN. 
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Bt  fbancis  galton. 

N  more  thaa  one  occasion  I  hare  maintained  that  intellectual 

ability  is  transmitted  by  inberitance ;  and,  in  a  memoir  publiahed 

Ust  mr  in  the  "  Proceedings  of  the  Koyal  Society,"  I  endeavored  to 

Mpbic  what  ought  to  be  understood  by  that  word  '*  inheritance.** 

W  points  were  especially  urged;  the  first,  that  each   pcrBonalifcjr 

j||riginates  in  a  small  selection  out  of  a  large  batch  of  wonderfully 

iried  elements,  which  were  all  latent  and  compctiifg;  and,  secondly, 

it  these  batches,  and  not  the  persons  derived  from  them,  form  the 

principal  fluccessive  stages  in  the  line  of  direct  descent.     Hence  fol- 

Withe  paradoxical  conclusion  that  the  child  must  not  be  looked 

upon  aa  directly  descended  from  his  oivn  parents.     Kis  true  relation 

them  is  both  circuitous  and  complicated,  but  admits  of  being  easily 

by  an  illustration.     Suppose  an  independant  nation,  A,  to 

ebeen  formed  by  colonists  from  two  other  similarly  constituted 

iuni,  B  and  C ;   then  tlie  relation  borne   by  the  represetitaiwe 

'miment  of  A  to  that  of  B  and  of  C  is  approximately  similar  to 

I  suppose  to  be  the  relation  of  a  child  to  each  of  his  parents. 

il  the  existence  of  a  slender  strain  of  direct  descent  is  shown  by  tbe 

of  acquired  habits  being  occasionally  transmitted,     We  must 

tberefore  amend  our  simile  by  supposing  the  members  of  the  govera- 

00it»  of  B  and  C  to  have  the  privilege  of  making  emigration  easy  and 

liable  to  their  constituents,  and  also,  perhaps,  tbe  governments 

Ires  to  have  the  power  of  nominating  a  few  individuals  to  seats 

the  Legislative  Council  of  A* 

It  appears  to  me  of  the  highest  importance,  in  discussing  beredi- 
to  bear  the  character  of  this  devious  and  imperfect  connection 
ly  in  mind.  It  shows  what  results  we  may  and  may  not 
For  instance,  if  B  and  C  contain  a  large  variety  of  social 
f  '■siwiirt,  it  would  be  impossible,  without  a  very  accurate  knowledge 
^tf  than  and  of  the  conditions  of  selection,  to  predict  tbe  characters  of 
^Bk^ir  future  governments.  Still  lees  w^ould  it  be  possible  to  predict 
^Bttof  A.  But  if  the  social  elements  of  B  and  C  were  alike,  and  in 
Hpcb  case  simple,  such  as  might  be  found  in  pastoral  tribes,  then  the 
^^hanicter  of  their  governments  and  that  of  A  could  be  predicted  with 
■ome  certainty.  The  former  supposition  iHustrateB  what  must  occur 
*hen  the  breed  of  the  parents  is  mongrel ;  the  latter,  when  it  is  pure. 
i»W,  no  wild  or  domestic  animal  is  so  mongrel  as  man,  especially  as 
'vgftrdi  his  mental  faculties;  therefore,  we  cannot  expect  to  find  an 
hviriahle  resemblance  between  the  faculties  of  children  and  those  of 
rou  til.— d 
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their  parents*  All  that  ''Ould  be  expected  on  the  hypothcsig  of  strict 
iiilieritatice  wc  do  find ;  that  is,  occasional  startling  resemblances,  and 
niHch  more  frequently  partial  ones.  From  thig  we  have  a  right  to 
argue  that  if  the  breed  of  men  were  more  pure,  the  intellectual  resem- 
blance of  child  to  parent  would  be  aa  stnct  as  in  the  forms  of  the 
equally  pure  breeds  of  our  domestic  animals* 

T  ►to  refer  in  this  article  to  a  volume  written  by  M.  de  Can- 

dolli^  t'  the  late  famous  botanist,  and  himself  a  botanist,  and 

Boienlffio  man  of  high  reputation,  in  which  my  name  is  frequently 
reCerred  to  and  used  as  a  foil  to  set  off  his  own  conclusions.  The 
|t:*thor  maintains  that  minute  intellectual  peculiarities  do  not  go  by 
descent,  and  that  I  have  overstated  the  influence  of  heredity,  since 
social  causeSj  which  he  analyzes  in  a  most  instructive  manner,  are 
I  touch  more  important.  This  may  or  may  not  be  the  case ;  but  I  am 
anxious  to  point  out  that  the  author  contradicts  himself,  and  that 
expressions  continually  escape  from  his  pen  at  variance  with  his  gen- 
eral ^conclusions.  Thus  he  allows  (p.  195)  that,  in  the  production  of 
men  of  the  highest  scientific  rank,  the  influence  of  race  is  superior  to 
all  others  ("prime  les  autres  en  importance  ")  j  that  (p*  208)  there  is  a 
yet  greater  difference  between  families  of  the  same  race  than  between 
the  races  themselves ;  and  that  (p.  3i*6),  since  most,  and  probably  all, 
mental  qualities  are  connected  with  structure,  and  as  ihe  latter  is  cer- 
tainly inherited,  the  former  must  be  so  as  well.  Consequently,  I  pro- 
pose to  consider  M.  de  Candolle  as  having  been  my  ally  against  his 
will,  notwithstanding  all  he  may  have  said  to  the  contrary. 

The  most  valuable  part  of  his  Investigation  is  this :  \NTiat  are  the 
social  conditions  most  likely  to  produce  scientific  investigators,  irre- 
spective of  natural  ability,  and  a  fortiori^  irrespective  of  theories  of 
heredity  ?  This  is,  necessarily,  a  one-sided  inquiry,  just  as  an  inquiry 
would  be  that  treated  of  natural  gifts  alone.  But,  for  all  that,  it 
admits  of  being  complete  in  itself,  because  it  is  based  on  f^tatistid 
which  afford  well-known  means  of  disentangling  the  effect  of  one  otti 
of  mnny  groups  of  contemporaneous  influences.  The  author,  howeveTi 
continually  trespasses  on  hereditary  questions,  without,  as  it  appears 
to  me,  any  adequate  basis  of  fact,  since  he  has  collected  next  to  noth* 
ing  about  the  relatives  of  the  people  upon  whom  all  his  statistics  are 
founded*  The  book  is  also  so  unfortunately  deficient  ii>  method,  that 
the  author's  views  on  any  jioint  have  to  be  souffht  for  in  passages 
variously  scattered;  but  it  u  full  of  original  and  suggestive  ideas, 
which  deserve  to  have  been  somewhat  more  precisely  thought  out  and 
much  more  compendiously  stated. 

Its  scheme  is,  to  analyze  the  conditions  of  social  and  political  life 
under  which  the  principal  men  of  science  were  severally  living  at  the 

>  "  fiiaioirt  det  ScUnctt  ei  ds8  Savanis  tUpuis  deuz  SMe9^*  Par  Alphoiue  do  Cftndolla 
(Uembro  Corr.  de  I'Acad.  Science  PirU ;  Foreign  Member,  Royal  Soc,  etc).    GeacTH, 
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K  epochs  1750,  1780,  1820,  and  1860.  Tlie  list  of  names  upon  which  | 
Klepeiids  19  that  of  the  foreign  members  of  the  three  ^eat  scieetific  I 
^tetlofl  of  Europe— namely,  the  French  Academy,  the  Royal  Society,  | 
!i!»d  the  Academy  of  Berlin — in   each  case   about  fifty  in  nmnbei\ 

ere  IB  a  yet  stricter  selection  on  the  part  of  the  foreign  associates 
ha  French  Academy,  who  number  only  eight  at  a  time,  and  of 
im  there  have  been  only  ninety-two*  in  the  last  two  hundred  yenrs. 
It  is  remarkable  that  we  find  in  this  very  select  list  four  eases  of  father 
nd  Eon^namely,  a  Bernoulli  and  two  of  his  sons,  the  two  Eulers,  and 
the  two  HerscheUv. 

From  an  examination  of  these  lists  the  author  draws  a  large  vari- 
ety of  interesting  deductions.  He  traces  the  nationalities  and  the 
geographical  distribution  of  the  distinguished  men  of  science,  and  comr 
ptres  the  social  conditions  under  which  they  lived.  He  finds  them  to 
be  confined  to  a  tnangular  slice  of  Europe,  of  which  middle  Italy  ^M 
foiTM  the  blunt  apex,  and  a  line  connecting  Sweden  and  Scotland  ^M 
forms  the  base ;  and  then  ho  shows  that,  out  of  a  list  of  eighteen  diffeiv 
ent  influences  favorable  to  science,  such  as  liberty  of  publication, 
tolerant  church,  and  temperate  climate,  a  large  majority  were  found  in 
the  triangular  space  in  question,  and  there  alone.  The  different 
:>DS  vary  at  the  different  epochs  in  their  scientific  productiveness  ;  • 
he  ^borately  shows  how  closely  the  variation  depends  on  some      '• 

|X4flt  pf  the  aizictj-two  foreign  associates  of  the  French  Academy  (three  oaaes  of  so 
Ufic  importAnce  karm^  been  onaiUed,  who  were  elected  ia  early  dava — these  are :  I 

I  PetDbruke,  1710  ;  Due  d'Escalonei  1715  ;  and  Prince  Lccwunstein-Wcrthcim,  1766).  I 

r&amef  a.re  arranged  m  the  order  of  their  eloctloD,  and  a  daeh  ( — )  divides  those 
I  Mcxre  nd  after  the  year  1800 : 

Kon©.— CErwted. 
^«ml:  Newton^  Sloanc  (Sir  Hans),  Eallej,   Folke»,  Bradley,  Hales,  Macclesfield 
(Earl),  Morton  (Earl),  Pringlc,  Hunter,  Ppieatlej,  Banjcs,  Black,— Miiftkelyne, 
CaTendbh,  Jenner,  Watt^  Dary,  WoUnston,  Young,  Dalton,  Brown  (Mobert), 
Farftdmy,  Brewitler,  Berschel  (Sir  Jolm),  Owen,  Murehison. 
Qivman^  (Ancient    Confederation):    Bttmcr,  Leibnitz,  Tchtmbaustn    (de),  WolflT, 
M&rgraff,  Her^chel  (Sir  Wnimm).-"FttllaF^  Klajiroth,  H'amboldt  (de),   Werner, 
GausSf  Dlbers,  Clunienbach,  Bndi  (de),  Beef  el,  Jacobs  Tiedcujann,  Hitaclierllk, 
Lqenne-DKHehlct^  Kbrenbei^,  Liebi^,  Wtihler^  Kummer 
W^jt^^:  Dujgfaena,  Hartsocker,  Ruysch,  Boerhaavc,  Van  Swietcn,  Camper. — Kone^ 
^^^^^Qugtielniin!*  Cati^liii  (Don]),  ViTlam^  Poll,  Bioncbini,  Marsigll,  Hanfrcdi,  Mor- 
"  F>^1  Cenri,  PolenI,  La  Grange  (de). — ^Volta,  Scarpa,  Piazzi,  Plana, 

hitnd:  JablonowskL — None, 
Bmaia:  Ealcr  (tbc  8Qn).^Xone. 
Bmim:  Li&naeiis,  Berginaxm,  Warg*?ntin, — BerxcKua. 
Bfhtitriand:  Bemoalli  (Jacques),  Bernoulli  (Jean),  De  Crousa/,,  Bernoulli  (Daniel), 

k Boiler  (de),  Kuler  (L^onardX  Tronchm,  Bernoulli  (Jean  U.\  Bonnet  (Charlea), 
£muiii5ur«  (Hor.  Ben.  de).— Candolle  (Aug.  Pyr.  de),  Bi?e  (de  la).  ., 

I  Baiti  :  Franklin.— Ruroford* 
ittl1ior*i  tablet  of  the  scientific  productiveness  per  million^  of  dLflerent  nationa 
It  timet,  are  affected  by  a  Perioua  statJetfca]  error.     He  should  hart*  reckoned 
BBtaSlloil  of  Bicn  above  fifty,  instead  of  the  population  generally      In  a  rapidly-mcreaa* 
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or  other  of  the  eighteen  itiHuencos  becoming  favorable  or  unfavorable. 
The  author,  himself  descended  from  the  Huguenots,  lays  just  stress  on 
the  influence  of  religious  refugees,  whose  traditions  were  to  work  in  m 
disinterested  way  for  the  public  good,  and  at  the  same  time  to  avoid 
politics.  The  refugees  rarely  had  their  property  in  land,  of  which  the 
oversight  occupies  time,  but  in  movable  securities;  thus  they  had 
leisure  for  work.  Then,  again,  as  they  were  debarred  from  local  poll* 
tics,  the  ambition,  especially  of  those  who  had  taken  refuge  in  small 
countries,  was  to  earn  the  approval  of  the  enlightened  men  all  over 
Europe,  and  this  could  most  easily  be  effected  by  doing  good  work  in 
science.  Out  of  the  ninety-two  foreign  associates  of  the  French  Acad* 
eoiy,  no  less  t!mn  ten  were  descended  from  religious  refugees,  usually 
in  the  third  or  fourth  generation.  Switzerland  had  eight  out  of  the 
ten,  and  we  may  thence  easily  gather  how  enormously  she  is  indebted 
to  the  infusion  of  immigrant  blood.  Similarly,  the  only  two  American  • 
associates — Franklin  and  Rumford — were  descended  from  Puritans.       i 

The  blighting  effect  of  dogmatism  upon  scientific  investigation  is  J 
shown  both  in  Catholic  and  Protestant  countries.     The  Catholics  are  ' 
the  more  dogmatic  of  the  two,  and  they  supply,  in  proportion  to  their  i 
population,  less  than  one^quaHer  as  many  of  the  foremost  scientific 
men  as  the  Protestants.     There  is  not  a  single  English  or  Irish  Catho- 
lic among  the  ninety-two  French  foreign  aasociates.     Austria  contrib* 
utes  no  name,  and  the  rest  of  Catholic  Germany  is  almost  barren. 
In  Switzerland,  the  scientific  productiveness  of  the  Catholics  is  onlf  I 
■^^  that  of  the  Protestants,      Again,  the  Catholic  missionaries  havew 
done  nothing  for  science,  notwithstanding  their  splendid  opportuni-J 
ties.     In  past  days,  when  they  were  absolute  masters  of  vast  countries^ 
as  Paraguay  and  the  Philippines,  the  smallest  encouragement  and  in-^ 
stniction  given  at  the  college  of  the  Propaganda  to  young  and  apt 
missionaries  woul4  have  enriched  Home  with  collections  of  natural 
history.     If  any  city  more  than  others  deserved  to  have  the  finest  bo- 
tanical garden  and  richest  herbarium,  it  is  Rome  ;  but  she  has  scarce- 
ly any  thing  to  show. 

The  moat  notable  instance  of  the  repressive  force  of  Protestant 
dogmatism  is  to  be  found  in  the  history  of  the  republic  of  Geneva. 
During  nearly  200  years  (1535  to  1725)  its  laity  as  well  as  clergy  were 
absolutely  subject  to  the  principles  of  the  early  Reformers.  Instruc- 
tion was  imposed  on  them ;  nearly  every  citizen  -was  made  to  pass 
through  the  college,  and  many  attended  special  courses  at  the  Acad- 
emy, yet,  during  the  whole  of  that  period,  not  a  single  Genevese  dis- 
tinguished himself  in  science,  Tlien  occurred  the  wane  of  the  Calvin-  ' 
ist  authority,  between  1720  and  1735.  Social  life  and  education  be- 
ing country  like  Engkud,  the  ppoportion  of  the  youthful  populatiou  to  those  of  an  Age 
fiufficient  to  enaUk  them  to  become  distinguished  is  double  what  It  la  V\  France,  where 
population  is  atatiouiiry ;  and  inj ttBticc  may  be  done  bf  these  tables  to  Englaml  in 
thing  like  that  proportion,    Tbt'y  require  entire  rcconatrucUaiL 
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PC  penetrated  with  liberal  ideas ; '  and,  since  1730,  the  date  of  the 
finl  election  of  aGenevese  to  an  important  foreign  scientific  society — 
Qvr  own  Royal  Society — Geneva  has  never  ceased  to  produce  niathe- 
BttiM^aoJi,  physicists,  and  naturalists,  in  a  number  wholly  out  of  pro* 
Iponion  to  her  small  population. 

The  author  argues  Jrom  these  and  similar  cases  that  it  is  not  so 
much  the  character  of  the  dogma  taught  that  is  blighting  to  science 
M  the  dogmatic  habit  in  education.  It  is  the  evil  custom  of  contiDU-. 
ally  leUlug  young  'people  that  it  is  improper  to  occupy  their  minds 
■Iboai  such  and  such  things,  and  to  be  curious,  that  makes  them  timid 
\  todtSerent  Curiosity  about  realities,  not  about  fictions  of  the  im- 
atioi^  is  the  motive  power  of  scientific  discovery,  and  it  must  be 
Wkedup  by  a  frank  and  fearless  spirit.  i^L  de  Candolle,  in  spite  of 
-Ik  asti-lieredity  declarations,  enunciates  an  advanced  pro-heredity 
kpimoii  well  worthy  of  note.  He  says  it  is  known  that  birds  original- 
ae,  when  found  on  a  desolate  island,  soon  acquire  a  fear  of  man, 
['trmnsmit  that  fear  as  an  instinctive  habit  to  their  descendants, 
nee,  we  might  expect  a  population,  reared  for  many  generations 
a  dogmatic  creed,  to  become  con  gen  it  ally  indisposed  to  look 
[tntcli  in  tht  face,  and  to  be  timid  in  intellectual  inquiry. 

Cmi,  Uien,  religion  and  science  march  in  harmony  ?  It  is  true  that 
'  methods  are  very  diflerent ;  the  religious  man  is  attached  by  his 
ta  his  TeHgioo,  and  cannot  endure  to  hear  its  truth  discussed, 
fmuv  scientific  discoveries  which  might,  in  some  elight  way, 
p  what  he  holds  more  important  than  all  the  rest.  The  scieu- 
loan  seeks  truth  regardless  of  consequeneeB ;  he  balances  proba< 
>  and  iDcUnes  temporarily  to  tliat  opinion  which  has  most  prob- 
iB  its  favor,  ready  to  abandon  it  the  moment  the  balance 
iktili^  and  the  evidence  in  favor  of  a  new  hypothesis  may  prevail. 
Tbese,  indeed,  are  radical  differences,  but  the  two  characters  have  cue 
powerfel  element  in  common.  Neither  the  religious  nor  the  scientific 
nm  will  consent  to  sacrifice  his  opinions  to  material  gain,  to  political 
\  nor  to  pleasure.  Both  agree  in  the  love  of  intellectual  pursuits, 
In  the  practice  of  a  simple,  regular,  and  laborious  life,  and  both 
in  a  disinterested  way  for  the  public  good.  A  strong  evidence 
tt  fundamental  agreement  is  found  in  the  number  of  sons  of 
who  have  distinguished  themselves  as  scientific  investiga- 
b  »ij  Urge  that  we  must  deplore  the  void  in  the  ranks  of  sci- 
MoeouiM'd  \vy  the  celibacy  of  the  Catholic  clergy.  If  Protestant  min- 
«tn«|  Glus  tliem,  had  never  married,  Berzclius,  Euler,  Linnrous,  and 
^W<>Ila«IOD»  would  never  have  been  born.  But  to  revert  to  what  we 
•pcmking  about.     There  are  some  six  different  objects  in  the  pur- 

I  ITS,  pohfic  af^inioo  h»d  become  so  toletAnt  tbtt  it  wae  enacted  that  candidates 

ftriitry  elieuJd  oa  longer  be  required  to  make  a  declarxtion  of  faith,  but  simply 

\  lo  t<aA  tfid  f  mcb  confonnably  to  the  Bible  and  to  tho  light  of  their  own 
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Buit  of  which  most  men  spend  their  energies :  throe  of  them  refer  to 
self— namely,  property, pleasure,  and  political  advancement;  the  other 
three  ituply  devotion  to  ideas— namely,  religion,  Bcience,  and  art* 
Withont  a  doubt,  as  M,  de  Candolle  says,  the  former  three  oecapy 
one  half  of  the  moral  sphere  of  the  human  character,  and  the  latter 
three  t!»e  other. 

It  appears  that  the  men  distinguished  in  science  have  usually  been 
born  in  small  towns,  and  educated  by  imperfect  teachers,  who  made 
the  boys  think  for  themselves.     Nothing  is  brought  out  more  clearly 
in  the  work  than  that  the  first  desideratum  in  scientific  education  is 
to  stimulate  curiosity  and  the  observation  of  real  things,  and  that  too 
much  encouragement  of  the  receptive  faculty  is  a  serious  error.    The 
author  justly  laments  that  the  art  of  observation  is  not  only  untaught, 
but  is  actually  discouraged  by  modern  education.     Children  are  apt 
and  eager  to  observe,  but,  instead  of  encouraging  and  regulating  their 
instincts,  the  school-masters  keep  them  occupied  solely  on  internal 
ideas,  such  as  grammar,  the  vocabularies  of  different  languages,  arith* 
metic,  history,  and  poetry.     They  learn  about  the  living  world  which 
surrounds  tliom  out  of  books,  and  not  through  tlieir  own  eyes.    One 
of  the  reformations  he  proposes  is,  to  make  much  more  use  of  drawing 
as  a  means  of  careful  observation,  compelling  the  pupils  to  draw  quickly 
the  object  they  have  to  describe,  from  memory,  after  a  short  period 
allowed  for  its  examination.     He  is  a  strong  advocate  for  the  encooi^ 
agement  of  a  class  of  scientific  sinecurists  like  the  non-working  fellows 
of  our  collegeSj  who  should  have  leisure  to  investigate,  and  not  ht 
j>estered  by  the  petty  mechauical  work  of  continual  teaching  and  ex* 
amining.     Science  has  lost  much  by  the  suppression  of  the  ecclesia* 
tical  sinecures  at  the  lime  of  the  French  Revolution,  for  there  used  to 
be  many  abbes  on  the  lists  of  foreign  scientific  members^  but  tlwy 
have  now  almost  wholly  disappeared.    The  modem  ideas  of  dcmocmcy 
are  adverse  to  places  to  which  deOnite  work  is  not  attached,  and  frooi 
which  de^nite  results  do  not  regularly  flow.     This  principle  is  a  wise 
one  for  the  mass  of  mankind ;  but  how  utterly  misplaced  when  ap- 
plied *to  those  who  have  the  zeal  for  investigation,  and  who  work  b«8l 
when  left  quite  alone ! 

There  is  a  curious  chapter  on  tlie  probability  of  English  becoming 
the  dominant  language  of  the  world  in  iifty  or  a  hundred  years,  aod 
being  the  one  into  which  the  more  important  scientific  publications  of 
all  nations  will,  as  a  matter  of  course,  be  translated.  It  is  not  only 
that  the  English-speaking  population  will  outnumber  the  German  aod 
the  French,  as  these  now  'outnumber  the  Dutch  and  the  Swedish,  hoi 
that  the  language  has  pccidiar  merits,  through  its  relationship  with 
both  the  Latin  and  the  Teutonic  tongues.  It  also  seems  that,  in  fami» 
Ilea  where  German  and  French  are  originally  spoken,  French  alvrayt 
drives  out  the  German  on  account  of  its  superior  brevity.  When  pe<^ 
pie  are  in  a  hurry,  and  want  to  say  something  quickly,  it  is  more  east- 


CAUSES   WffWff  CREATE  SCIENTIFIC  MEN.        71 

\j  said  in  French  than  in  German.  Precisely  in  the  same  way  English 
beats  French*  Oiir  gcotences  don't  even  reqtiire  to  be  li niched  in  order 
to  be  understood,  because  the  leading  ideas  come  out  lirst ;  but,  as  for 
old-fashioned  tongues,  their  roundabout  constrnetion  would  be  perfect- 
ly intolerable.  Fancy  languages,  like  Latin  and  Greek,  in  wbich  yHo- 
pie  did  not  say  "  yes  ''  or  "  no."  M.  de  CandoUe  is  very  disrei*poctful 
to  classical  Latin.  He  says  that  one  must  have  gone  through  the 
sehofilfl  not  to  be  impressed  by  its  ridiculous  constniction.  Translate 
am  ode  of  Horace  literally  to  an  unlettered  artisan,  keeping  each  word 
in  its  place,  and  it  will  produce  the  effect  upon  him  of  a  buiklino^  in 
which  the  hall-door  was  up  in  the  third  story.  It  is  no  longer  a  pos- 
ilble  language,  even  in  poetry,  ♦ 

I  have  only  space  for  one  more  of  the  many  subjects  touched  upon 
in  his  book — that  of  acquired  habits  being  transmitted  hereditarily — 
ind  which  has  also  formed  the  subject  of  a  recent  essay  by  Dr.  Carpen- 
^^^n  That  some  acquired  habits  in  dogs  are  transmitted  appears  cer- 
^Hiin,  but  the  number  is  very  small,  and  we  Ijave  no  idea  of  the  cause 
^nf  their  limitation.  With  man  tbey  are  fewer  still ;  indeed,  it  is  diffi- 
^Rult  to  point  out  any  one,  to  the  acceptance  of  which  some  objection 
may  not  be  offered.  Both  M.  de  CandoUe  and  Dr.  Carpenter  have 
ken  of  the  idiocy  and  other  forms  of  nervous  disorder  which,  be- 
lud  all  doubt,  afflict  the  children  of  drunkards.  Here,  then,  appeai^s 
fatitance  based  on  thousands  of  observations  at  lunatic  asyluum  and 
here,  in  which  an  acquired  habit  of  drunkenness,  which  ruins  tlje 
and  nerves  of  the  parent,  appears  to  be  transmitted  hereditarily 
the  child.  For  my  own  part,  I  hesitate  in  drawing  this  conclusion, 
a»e  there  is  a  simpler  reason.  The  fluids  in  an  habitual  drunkard^'s 
y,  and  all  the  secretions,  are  tainted  with  alcohol;  consequently 
nabom  child  of  such  a  woman  must  be  an  habitual  drunkard  al^)« 
unfortunate  inCant  takes  its  dram  by  diffusion,  and  is  compulsorily 
oxicated  from  its  earliest  existenccp  What  wonder  that  its  const i- 
is  mined,  and  that  it  is  bora  with  unstrung  nerve b,  or  idiotic  or 
?  And  just  the  same  influence  might  be  expected  to  poison 
active  elements  of  either  sex.  I  am  also  informed,  but  have 
aticii  data  as  I  could  wish,  that  children  of  recent  teetotallers 
formerly  drunkards  are  bom  healthy.  If  this  be  really  the 
*  the  question,  and  to  show  that  we  must  not  rely 
i>ned  facts  as  evidence  of  a  once-acquired  habit 
Mng  fa«reditarUy  transmitted, — Fortnightly  Mtniete, 
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THE  SHERMAN  ASTRONOMICAL  EXPEDITION. 
Bt  ekma  m.  gonvebse. 

SCIENTIFIC  observers  have  long  seen  the  importance  of  securing 
a  position  elevated  above  the  fogs  and  impurities  of  the  atmos- 
phere at  the  sea-level,  for  the  purpose  of  making  more  accurate  astro- 
nomical and  meteorological  observations.  Accordingly,  Pro!  Peirce, 
the  Superintendent  of  the  Coast  Survey,  petitioned  Congress  for  means 
to  carry  out  such  an  undertaking.  Congress  made  an  appropriation 
of  t^OOO  for  this  special  object,  independent  of  the  geographical  and 
topographical  constants  of  the  station. 

Sherman,  in  Wyoming,  situated  on  the  highest  point  of  the  Union 
Pacific  Railway,  and  on  the  Rocky  Mountain  range,  was  agreed  upon 
as  an  eligible  and  convenient  locality  for  the  scene  of  operations ;  and 
the  months  of  June,  July,  and  August,  1872,  were  devoted  to  the  work. 

The  party  consisted  of  General  R.  D.  Cutts,  an  experienced  officer 
of  the  Coast  Survey,  who  had  charge  of  the  expedition.  Assistant  Mos- 
man,  Aid  Colonna,  Prof.  Young,  Prof.  Emerson,  and  Mr.  Mead,  o( 
Dartmouth  College.  There  were  also  a  photographer,  a  mechanician, 
and  two  servants.  The  party  had,  as  an  escort,  about  a  dozen  soldiers 
from  Fort  Russell,  at  Cheyenne,  who  assisted  in  keeping  the  hourly 
scries  of  meteorological  observations,  and  were  detailed  to  serve  as  a 
protection  from  possible  attacks  of  hostile  Indians. 

It  was  not  until  July  that  the  members  from  Dartmouth  College 
were  able  to  join  the  expedition.  The  trustees  of  the  college  had 
loaned  their  valuable  telescope  for  the  occasion.  It  has  an  aperture 
of  0  /^  inches,  and  a  focal  length  of  12  feet,  with  clock-work,  and  the 
usual  accompaniments,  and  is  fitted  with  an  automatic  spectroscope^ 
having  a  dispersive  power  of  13  prisms.  This  telescope  is  one  of  the 
best  in  the  country  in  optical  perfection,  and  in  convenience  and  handir 
ness  of  mounting. 

The  summit  of  a  slight  elevation  was  chosen  as  an  eligible  locality 
for  occupation.  It  was  a  short  distance  from  the  railroad-station,  and 
about  40  or  50  feet  above  the  track.  Three  shanties  of  rough  boards 
were  erected  as  observatories,  one  for  the  transit  instrument,  one  for 
the  meteorological  apparatus,  and  one  for  the  equatorial  telescope. 
The  altitude  of  the  observatory  is  8,300  feet  above  the  level  of  the 
sea,  the  latitude  a  little  more  than  44°,  and  the  longitude  about  28*  * 
west  from  Washington. 

It  was  thought  that  Sherman  combined  unusual  facilities  for  ac* 
complishing  the  desired  object  of  the  expedition,  which  was  to  test  the 
advantages  of  a  great  elevation  upon  astronomic,  and  especially  spec- 
troscopic, work.  The  currents,  impurities,  and  reflective  power  of  the 
atmosphere  at  the  sea-level,  interfere  greatly  with  studies  of  this  kind, 
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wUle  an  eleyalioii  of  8,000  feet  leaveg  more  than  a  fourth  of  the  atmos- 
pli«i«  below  it.  The  pituation  was  one  of  remarkable  natural  beauty. 
On  Ae  east  there  was  little  to  mark  the  altitude  except  the  rocky 
•oO  mod  ficftnty  vegetation;  on  the  north  there  were  picturesque  piles 
of  gnmtle ;  on  the  north-west  lay  the  Laramie  Hills  \  from  the  north- 
weit  to  the  soath  towered  the  mountam-peaks,  many  of  ihem  covered 
with  perpetiml  snow.  Long's  Peak  and  Gray's  Peak  were  60  miles 
iwiy  at  the  south;  the  great  mass  of  Medicine  Bow  lay  at  the  west, 
and  between  them,  over  the  lower  ridges,  rose  some  of  tlic  high  moun- 
1 4>f  the  Colorado  parks. 

The  party  being  located,  and  all  arrangements  for  observ^atjon  be- 
nubde  as  Bystemalic  as  possible,  work  w^as  carried  on  during  the 
aer  months  in  earnest,  and  attended  with  valuable  results  for  the 
Ditiatory  movement  of  a  work  of  such  magnitude*  The  weather  proved 
be  unusual y  unfavorable.  An  old  trapper,  who  bad  lived  among 
f  moiinUiiQa  for  twenty  years,  said  that  the  amount  of  cloudy  and 
Ttiay  weather  was  uncommon  for  the  season.  With  the  exception  of 
iwed^  when  eveiy  night  and  a  greater  part  of  ever  day  were  fine, 
dor  nights  were  rare,  and  clear  days  less  so.  There  were  but  two  af- 
timooiia  when  work  upon  the  sun  could  be  kept  up  from  noon  till  sun- 
Mi^  though  there  were  more  than  twenty  cloudkss  mornings  during 
ikiiiBe  time.  The  enormous  snow-fall  of  the  preceding  winter  ac- 
counted for  the  unusual  weather- condition  of  the  locality,  and  the 
r^iJi  the  middle  of  July,  was  still  lying  to  the  depths  of  eight  feet 
m  the  plateau  at  the  base  of  the  Medicine  Bow  Mount. 

Noiwithstanding  these  drawbacks,  valuable  scientific  results  were 
ID  five  different  depai*lments  of  observation,  geographical, 
ologksal,  telescopic,  spectroscopic,  and  magnetic. 
The  geographical  position  of  the  station  w^as  completely  deter- 
niiied,  its  longitude  being  obtained  by  telegrapbic  communication 
tilh  Salt  Lake  City.  It  will,  therefore,  bo  for  the  future  a  reference- 
|<ttttt  and  Iwise  for  the  numerous  surveys  which  are  being  made  in  that 
f«t  o€  the  country. 

Aeomplete  hourly  meteorological  record  w^as  obtained  for  nearly 
tie  whole  of  the  months  of  June,  July,  and  August,  which,  from  the 
int  position  of  the  station,  cannot  fail  to  be  of  great  interest 


\  ideeeopic  observations  were  full  of  promise  for  the  result  of 

tftod  more  thorough  work  in  that  department.     When  the  sky 

\  vadoiHled  the  atmosphere  possessed  the  most  ethereal  transpar- 

At  night,  myriads  of  stars  invisible  at  lower  elevations  were 

aty  illjeeTtilble,     Nearly  all  the  seventh-magnitude  stars  of  the 

Ajsociation  Catalogue  were  clearly  visible  to  the  naked  eye. 

iToimg^  to  whose  report  we  are  indebted  for  the  facts  recorded 

1  utideiy  nays  that,  in  the  quadrilateral  forming  the  bowl  of  the 

I?  bt  oemld  aee  distinctly  nine  stars,  with  glimpses  of  one  or 
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two  more,  while  at  Hanover  lie  could  only  peroeivc  the  three  brightest 
of  them.  The  power  of  the  telescope  was  correspondiDgly  iacreased, 
60  that  an  mstrament  of  d-^  ioehes  of  aperture  was  as  effeotlve  as  one 
with  12  inchea  at  the  sea-leyeL  Some  TiewB  of  Saturn  wore  exqui^ 
itely  beautiful.  The  inner  satellites,  the  details  and  markings  of  the 
ringS}  especially  a  dark  stripe  upon  the  outer  ring,  were  clearly  seen 
under  po liters  ranging  from  500  to  1,200,  Besides  the  increase  of 
the  range  of  the  instrument,  the  air  was  vastly  more  steady,  and  faint 
objects  much  more  clearly  defined. 

The  advantage  was  still  greater  in  the  careful  spectroscopic  obser- 
vations that  were  made.  Prof.  Young  had  drawn  up  at  Hanover  a  cat- 
alogue of  103  bright  lines  in  the  spectrum  of  the  cbromoBphere ;  at 
Sherman  the  number  was  ejctended  to  2V3,  while,  at  moments  of  un- 
usual solar  disturbance,  there  were  glimpses  of  at  least  as  many  more. 
Sulphur,  strontium,  and  cerium,  are  almost  certainly  proved  to  bo  eon- 
stituents  of  the  solar  atmosphere,  and  zinc,  erbium,  and  didyminm  are 
strongly  indicated.  It  was  hoped  that  at  the  base  of  the  chromo- 
sphere there  might  be  seen  the  reversal  of  the  dark  lines  of  the  spec- 
trum, which  is  80  wondrously  beautiful  at  the  commencement  and  close 
of  a  total  solar  eclipse.  But  in  this  hope  the  observers  wcro  disap* 
pointed;  the  appearance,  at  the  distance  of  1'  or  15'  from  the  ^^^t 
of  the  photosphere,  giving  a  spectrum  principally  continuous,  most  of 
the  dark  lines  vanishing  or  being  much  weakened.  This  result  con* 
firms  the  observations  of  Secchi,  who  reports  at  the  edge  of  the  sun  a 
layer  giving  a  continuous  spectrum. 

Curious  observations  were  made  upon  the  spectra  of  sun^epots,  and 
a  catalogue  was  made  of  155  lines  more  or  less  affected,  either  greatly 
widened  or  weakened,  or  reversed.  A  number  of  bright  lines  were 
found  in  the  spcclram  of  the  nucleus,  and  some  peculiarly  f^haded,  as 
if  they  were  the  product  of  a  combination  of  elements  which,  from  tbo 
reduced  temperature  over  the  spots,  had  been  able  to  exercise  their 
chemical  afiitiities* 

Many  solar  eruptions  were  watched  moving  with  velocities  var?- 
ing  from  150  to  250  miles  per  second,  and  pouring  foith  their  v 
winds  and  torrents  of  ejected  gas  through  the  molten  atmosjiL.  ., 
The  moat  interesting  eruption  w*as  visible  on  the  surface  of  the  san 
itself  in  the  vicinity  of  a  largo  spot. 

The  magnetic  observations  were  as  satisfactory  as  any  that  were 
made,  and  yet  prove  that,  although  our  greatest  magnetic  stonns  are 
only  remotely  connected  with  solar  influence,  every  solar  paroxysm 
has  a  direct  and  immediate  effect  upon  terrestrial  magnetism.  On 
the  3d  and  5th  of  August  there  were  violent  paroxysms  of  solar  crup* 
tioD,  At  just  the  minute  these  eruptions  took  place,  the  record  of  the 
vertical  Magnetic  Force  shows  marked  and  sudden  magnetic  inipuls^ 
a  peculiar  shwldering  of  the  magnetic  needle  for  that  very  time,  Tbi 
lotographic  copies  of  the  vertical  Force  Curve  at  Greenwich  and 
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StoDjhurst  show  marked  and  cbaracteristio  disturbauces  at  tho  eorre- 
ondrng  points,  which,  allowing  for  the  difference  in  longitude,  were 
be  very  moments  of  time  when  the  solar  disturbances  were  watched 
,  Shennan* 

llie  work  of  the  last  summer  accomplished  by  the  Sherman  Astro- 
[^mical  Exj>edition  points  clearly  to  the  inference  that  a  great  national 
Dfbservatory  should  be  established  without  loss  of  time,  in  that  posi- 
Son  on  the  American  Continent  most  favorable  to  astronomical  obser- 
vation*    Sherman  is  evidently  not  the  place,  on  account  of  wenther-con- 
Iitiotts,  but  some  mountain-station  must  be  foimd  adapted  for  the 
QTpose,  far  above  the  fogs  and  impurities  of  the  sea-level,     A  tele- 
ope,  the  best  and  largest  that  scientific  resources  can  rurnisbj  and  a 
eorps  of  observers  devoted  to  the  work^  must  be  established  on  this 
.permanent  locality.    Then,  from  this  high  point,  sun,  planets,  stars, 
ftebulsp,  comets,  and  meteors,  may  be  attacked  by  observers  armed 
^Trilb  the  most  effectual  scientific  weapons,  until  from  the  depths  of 
)  tnfimte  space  come  answers  to  some  of  the  great  problems  that  are 
[  puzzling  the  brains  of  thoughtful  students  of  celestial  mysteries. 

A  recent  writer  proposes  that  the  whole  civilized  world  shall  con- 

[  tribute  for  a  telescope  which  shall  cost  $1,000,000.     Why  should  not 

America  contribute  enough  from  her  vast  resources  to  possess  the 

tnost  powerful  one  that  can  be  built,  and  be  the  fijst  among  the  na- 

•tioQs  to  bring  about  great  results,  and  make  certainties  of  what  seem 

noir  the  shadowy  possibjlities  of  the  future  ? 


^Kre, 
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bt  maxwell  t.  mastees,  m.  d*,  f»k.s, 

VERY  day,  cverj'  hour,  there  is  going  on  around  us  a  veritable 
death-struggle^  It  excites  little  attention.  People  would  be  in 
DO  hrary  to  read  the  telegraphic  dispatches  concerning  it  fro;n  the  seat 
war,  even  if  there  were  any  to  read.  Special  correspondents  there 
,  Ijut  their  letters  are  appreciated  but  by  a  few.  Kevertheless,  it 
cannot  l>e  said  that  mankind  in  general  is  not  interested  in  the  result 
of  the  straggle.  On  the  contrary,  little  as  the  affair  is  heeded,  it  is  of 
very  serious  import  to  the  human  race.  Our  food-supplies  depend  on 
;  the  well-being  of  our  flocks  and  herds  is  essentially  dependent  on 
;  f  h«  building  of  our  houses,  the  fabrication  of  our  raiment,  are  to  a 
large  extent  contingent  on  it ;  nay,  tho  soil  beneath  our  feet,  and  the 
Tery  «ky  above  our  heads,  are  materially,  very  materially,  influenced 
the  result  of  the  contest  of  which  we  are  about  to  speak.  Edward 
•bes  wa«  wont  to  say  that  the  movement  of  a  periwinkle  over  a  rock 
it  be  of  greater  consequence  to  the  human  race  than  the  progress 
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of  an  Alexander ;  and  the  results  of  the  wars  of  the  plants  are  as- 
suredly of  no  less  importance,  seeing  that  the  very  existence  of  an 
Alexander  depends  in  no  slight  degree  upon  them«  The  campaigns 
we  speak  of  are  real;  they  are  not  mental  figments,  or  allegorical 
illustrations.  Success -in  the  practice  of  horticulture,  of  agriculture,  of 
forestry,  depends  on  the  action  we  men  take  toward  the  combatants. 
If  we  remain  neutral,  the  weakest  goes  to  the  wall,  overpowered  by 
the  stronger ;  if  we  interfere,  we  exert  a  very  powerful  influence  for 
the  time ;  but,  immediately  we  cease  to  exert  our  power,  the  combat 
begins  again,  and  with  enhanced  violence.  The  essence  of  successful 
cultivation  often  consists  almost  entirely  in  the  removal  of  the  plant 
from  the  influence  of  that  hostile  "environment"  to  which,  under 
natural  circumstances,  it  would  be  subjected.  It  is  this  that  accountSi 
in  a  great  measure,  though  of  course  not  wholly,  for  the  oft-observed 
fact  that  certain  plants,  flowers,  and  fruits,  attain  far  greater  perfec- 
tion in  our  gardens  than  they  ever  do  in  their  native  countries. 

That  a  war  of  extermination  is  thus  going  on  around  us  may  strike 
some  with  surprise.  They  are  so  accustomed  to  associate  flowers  and 
plants  with  peace  and  repose,  that  they  are  astonished  to  find  that 
other  far  less  amiable  ideas  may,  with  even  more  justice,  be  associated 
with  them.  And  yet  a  moment's  reflection,  or  a  passing  glance  at  the 
nearest  hedge-row  or  pasture,  will  show  the  reality  of  the  struggle. 
All  that  beautiful  disorder,  that  apparently  careless  admixture  of 
divers  forms  and  colors — the  sweeping  curves  of  the  brambles,  the 
entwining  coils  of  the  honeysuckle,  the  creeping  interlacement  of  the 
ground-ivy  or  the  pennywort — all  are  but  indications  of  the  fray  that 
is  constantly  going  on.  It  would  seem  as  if  the  weakest  must  suo» 
cumb,  must  be  overpowered  by  the  stronger-growing  plants,  and  so 
they  are  at  certain  places  and  at  certain  times ;  but,  under  other  con- 
ditions, the  victory  may  be  with  the  apparently  weaker  side,  just  as 
the  slow-going  tortoise  may  outrun  the  fleeter  hare.  In  any  case,  the 
success  is  often  only  temporary ;  the  victor  becomes  in  time  the  van- 
quished ;  the  vanquished,  in  its  turn,  regains  its  former  conquest ;  and 
s6  on. 

It  is  proposed  in  the  following  notes  to  give  a  few  illustrations  of 
the  nature  and  eflects  of  this  conflict,  of  the  way  in  which  it  is  carried 
on,  and  of  the  circumstances  which  favor  it. 

Agriculturists  had  long  been  practically  conversant  with  the  ad- 
vantages derivable  from  the  practice  of  not  growing  the  same  crop  on 
the  same  soil  for  too  long  a  period.  The  advantages  consequent  on 
this  so-called  rotation  of  crops  are  due  to  more  than  one  cause;  but  it 
was  Bureau  de  la  l^Ialle  who,  in  1825,  called  attention  to  the  phenome- 
non of  natural  rotation.  From  long  observation  of  what  takes  plaoo 
in  woods  and  pasture-lands,  he  established  the  fact  that  an  alternation 
of  growth,  as  he  called  it,  occurs  as  a  natural  phenomenon.  In  pasture- 
lands,  for  instance,  the  grasses  get  the  upper  hand  at  one  time,  the 
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^^^kinous  plants  at  another;  bo  that,  in  the  course  of  thirty  years, 
flnotbor  whose  obserrations  we  are  citing  was  witness  of  five  or  six 
^ich  alternations. 

It  follows  from  all  this  that  a  plant,  as  was  pointed  out  hj  the 

Dean  Herbert,  does  not  necessarily  grow  in  the  situation  best 

apted  for  it,  but  where  it  can  best  hold  its  own  against  its  hos- 

ibors,  and  best  sustain  itself  against  unfavorable  conditions 

The  sonrces  of  success  in  the  contest  are  manifold ;  they  vary  more 

or  leas  in  each  individual  case.    Probably  they  are  never  exactly  the 

tame;  nevertheless,  there  are  certain  circumstances  which  must  always 

he  operative  in  conducing  to  the  victory.     A  few  illustrations  must  suf- 

fict.     It  is  ea^  to  understand  why  first-comers,  duly  installed,  should 

have  an  advantage  over  later  visitants ;  why  the  more  prolific  should 

outnomber  the  less  fertile;  and  how  it  is  ihat  a  perennial  plant  has  a 

better  chance  on  any  given  spot,  cixieris  paribun^  than  an  antmal,  whose 

&ny  would  find  the  ground  occupied,  and  their  chances  of  sur- 

nuitenally  interfered  with  by  their  longer-lived  neighbors. 

J^gaJn,  there  is  no  difiiculty  in  understanding  why  such  plants  as 

||tutch  {Tyiticum  repem)  or  bearbine  {Convolvulua  sepitim)  bold  tbcir 

1-00  tenaciously,  and  so  much  to  the  prejudice  of  their  neighbors. 

long,  creeping,  underground  stems,  rooting*  or  capable  of  rooting, 

tt^ery  joint,  give  them  an  immense  advantage  over  plants  not  so 

avorably  organhsed.     The  ends  of  the  shoots  of  the  convolvulus,  more- 

rer,  dilate  into  tubers,  which  are  thrust  into  the  ground,  to  form  in 

I  succeeding  spring  fresh  centres  of  vegetation.     A  great  rooting- 

18  obvioujyly  of  great  benefit ;  not  less  so  is  an  extensive  leaf- 

mliee.     It  is  not  only  that  the  copious  feeding-roots  absorb  the  avail- 

AMe  Qonmhment  from  the  soil,  not  only  that  the  wide  leaf-surface 

ivailf  itself  of  every  ray  of  sunlight,  every  whlfFof  air  that  plays  over 

%miA  lints  nerves  to  build  up  the  tissues  of  the  plant  to  which  the 

or  kftf  respectively  belongs,  but  they  practically  oust  other  plants 

fivor&bly  circumstanced  than  themselves.     Tlie  roots  occupy  the 

.Bad  rob  the  weaker  plants  of  their  share  of  its  resources.     The 

itb  dense  foliage  shuts  ofi*  from  its  lowlier  neighbor  much  of  the 

Gglt  and  air  necessary  for  its  existence ;  and  hence,  in  a  measure,  the 

•fcieace  of  vegetation  in  pine-forests  or  under  the  shadow  of  dense 

•oodl.    Some  plants  there  are  specially  organized  to  resist  and  over- 

cNme  llie«e  hostile  conditions.      Among  them  are  the  climbers,  the 

Iviniag  pbints,  and  those  with  tendrils  of  one  sort  or  another.     The 

tiniiible  or  wild-rose,  with  its  slender,  arching,  hook*beset  branches; 

ihm  wild4iap,  with  its  coils  of  cord-like  sprays ;  the  clematis,  clinging 

i^fln&ly  by  means  of  its  leaf-stalks  to  any  thing  it  can  lay  hold  of; 

Ibe  try^  grappling  with  the  trunk  of  a  tree — aU  these  are,  in  some 

■afi  weakly  plants ;  they  would  be  overweighted  in  the  struggle  with 

Httr  »ljtmger  neighboi^,  if  it  were  not  for  the  special  adaptation  of 
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their  stnictare  just  alluded  to,  and  which  enables  them  to  bear  their 
part  bravely  in  the  conflict. 

It  is  easy  to  understand  how  an  alteration  of  the  conditions  under 
which  plants  grow  influences  Tery  materially  the  struggle  we  have 
been  alluding  to.  A  very  slight  change  in  climatal  conditions-^pro- 
duced,  for  instance,  by  the  growth  of  sheltering  trees,  or  by  the  drain- 
age  of  the  soil — ^may  be  followed  by  the  growth  of  quite  a  different  set 
of  plants  from  those  that  occupied  the  ground  previously.  The  altered 
conditions  have  been  advantageous  to  the  one  and  disadvantageous  to 
the  other  set  of  plants. 

As  an  illustration  of  the  complexity  of  the  checks  and  relations  be- 
tween organic  beings  struggling  together,  Darwin  mentions  the  case 
of  a  barren  heath  which  fell  under  his  observation,  part  of  which  was 
left  intact,  while  another  portion  had  been  enclosea  and  planted  with 
Scotch  fir.  The  change  in  the  native  vegetation  of  the  planted  part 
of  the  heath  was  most  remarkable.  **  Not  only  the  proportional  num- 
bers of  the  heath-plants  were  wholly  changed,  but  twelve  species  of 
plants,  not  counting  grasses  and  carices,  flourished  in  the  plantations, 
which  could  not  be  found  on  the  heath.'' 

This  sort  of  change  was  pointedly  referred  to  by  Dureau  de  la 
Malle,  who  relates  how,  after  the  felling  of  the  timber  in  forests  of  a 
particular  district  of  France,  broom,  foxglove,  heaths,  birch-trees,  and 
aspens  sprang  up,  replacing  the  oaks,  the  beech,  and  the  ash,  felled  by 
the  woodman.  After  thirty  years,  the  birch  and  poplars  were  felled 
in  their  turn.  Still  very  few  of  the  original  possessors  of  the  soil,  the 
oaks,  etc.,  made  their  appearance :  the  ground  was  still  occupied  with 
young  birch  and  poplar.  It  is  not  till  after  the  third  repetition  of  the 
coppicing — after  an  interval  of  ninety  years — ^that  the  oaks  and  beech 
reconquer  their  original  position.  They  retain  it  for  a  time,  and  then 
the  struggle  begins  again. 

Antiquarian  researches  also  have  proved  that,  in  the  natural  state 
of  things,  without  any  violent  change  in  external  conditions,  the  na- 
ture of  forests  becomes  altered.  The  Hercynian  forests,  of  which 
Ciesar  speaks,  and  which  then  consisted  of  deciduous-leaved  trees,  are 
now  made  up  principally  of  conifers.  A  forest  which,  in  the  middle 
ages,  was  of  beech,  is  now  stocked  with  oak,  and  met  versa.  Again, 
we  have  the  evidence  afforded  by  submerged  forests  and  peat-bogs, 
according  to  which  certain  plants,  now  extinct  in  particular  localities, 
once  flourished  there.  We  are  not  alluding  to  plants  that  may  have 
required  a  different  climate  from  what  they  now  experience,  but  to 
such  cases  as  the  silver  fir,  the  Scotch  fir,  Pinns  MughuSy  etc,  which 
are  found  in  this  partially-fossilized  condition  in  spots  where  there  is 
apparently  nothing  to  prevent  them  from  growing  now,  where,  in  fact, 
they  do  grow  well  when  planted. 

Foresters  in  all  countries  arc  perfectly  well  aware  of  these  facts, 
nd  botanists  watch  with  interest  the  appearance  of  a  different  vegeta- 


W  PLANTS, 


79 


n,  when  some  accident  has  iflterfered  with  the  previously-existing 
ilitioDS,  When  woodu  are  cut  down,  when  soil  from  a  depth  is 
dJ  on  the  gurface,  when  extensive  fires  occur,  wlien  lakes  are 
oed;  in  fact,  when  any  sudden  alteration  takes  place  in  external 
astances,  then  we  may  expect  to  find  a  corresponding  change  in 
e^tatioo.  One  set  of  plants  profits  by  the  change,  another 
It  may  be  asked,  **  Where  do  the  new  arrivals  come  from  ?  " 
nes,  no  doubt,  the  seeds  are  wafted  from  a  distance,  and,  find- 
\  a  suitable  abiding-place,  germinate.  This  is,  perhaps,  more  espe- 
the  case  with  the  spores  of  fuocri^  whose  extreme  minuteness 
their  dispersion  in  this  way.  But  it  often  happens  that  the 
flsketfiof  the  case  will  not  admit  of  such  an  interpretation,  and  tlien  we 
psnonly  fall  back  on  the  supposition  that  the  seeds  or  bulbs  existed  in 
ih  soil,  but  under  circumstances  not  favorable  to  their  development. 

The  ground  in  this  way  is  looked  on  by  Alphonse  de  Caudolle  and 

Dwnriii  as  ii  vast  magazine  of  seeds,  etc.,  capable  of  retaining  their 

vitality  for  a  more  or  loss  prolonged  period,  according  to  circum^ 

fdoees,  and  ready  to  avail  themselves  of  any  change  that  may  be 

beiMfieial  to  them.     That  this  is  so  in  some  places  has  been  proved  by 

remits,  but  it  seems  equally  clear  that  this  does  not  hold  good  in  all 

fiieii.    Allusion  has  already  been  made  to  the  apparently  capricious 

ippcsranee  of  our  British  orchids.     The  downs  or  the  fields  that  in 

Wi  iummer  yielded  abundance  of  bee,  of  fiy,  or  of  spider  orchids, 

mj,  in  another  year,  scarcely  furnish  a  single  one.     The  explanation 

I  «f  this  peculiarity  lies  in  the  special  organization  of  the  plant,  well 

lleicribed  by  Prillieux  and  other  botanists,  from  whose  observ  ations 

rit  ipp^fs  that  the  plants  in  question  naturally  pass  through  several 

■tegiSi  whicb,  for  our  present  purpose,  it  is  not  necessary  to  detail^ 

|iwl  these  stages  may  be  prolonged  according  to  circumstances.     The 

IpowMiiig  filjige  is  thus  arrived  at  in  one  season,  while  in  another  all 

Hb energies  of  the  plant  may  be  taken  up  in  forming  tubers   and 

nbrw.    A  very  remarkable  instance  of  the  fact  just  alluded  to  was 

(Oftmnnicited  to  the  writer  by  a  competent  observer,  Mr,  George 

Ipx^dcn,  of  Broom  Park,  Kent.     This  gentleman  had  been  acquainted 

Wkh  a  particular  field  for  some  forty  years,  during  which  time  it  had 

pw  imder  the  plough,  but  at  the  expiration  of  this  period  it  was  laid 

Boirii  10  grass,  when  the  very  next  year  a  profusion  of  bee-orchids  was 

■Wred  in  it.     In  this  cage  the  time  was  too  short  for  seeds  to  have 

pminatcd  and  to  have  progressed  to  the  flowering  state.     There 

Ptaf  no  other  solution  than  that  the  tubers  must  have  been  in  the 

Plnand  some   time    previously,  but   that,   from    the  ploughing   and 

Ottpping  of  the  soil,  they  had  not  had  a  fair  chcnce  of  developing 

B  Tlie  fads  we  have  mentioned  are,  in  the  main,  intelligible  enough, 
Vf csti  Met  the  why  and  the  wherefore  without  much  difficulty;  but 
Must  so  always.     For  instance,  it  is  difficult  to  account  for  the  sig- 
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nal  defeat  tbat  native  plants  often  inour  at  the  bands  of  inyadlng 

strangers. 

Why  does  the  water-cress,  harmless  enough  in  our  ditches,  block 
up  ttie  water-courses  in  Kew  Zealand  to  such  an  extent  as  to  become 
a  costly  nuisance  ?  What  can  there  be  in  English  ditches  and  canals 
80  propitious  to  the  growth  of  the  American  water-weed  {Anacharia) 
as  to  have  caused  it  to  obstruct  even  our  navigable  rivers?  In  Amer* 
ica,  whence  it  came,  it  is  no  more  of  an  inconvenience  than  any  other 
water-weed.  Why  in  other  places  does  the  white  clover  (TrifoUum 
re})€nB)  overcome  the  native  grasses,  and  dispossess  them  of  their  ter- 
ritory ?  Why  has  a  particular  grass,  the  Stipa  tortUuSy  invaded  the 
South-Russian  steppes  to  such  an  extent  as  to  displace  almost  every 
other  plant? 

There  are  numberless  such  instances — from  that  afforded  by  the 
island  of  St,  Helena,  in  which  the  original  vegetation  is  almost  com- 
pletely dit^possessed,  and  its  room  occupied  by  foreign  importations, 
to  the  banks  of  a  Surrey  river,  yellow  with  the  flowers  of  an  American 
balsam — and  the  reason  is  not  obvious.  The  fact  is  patent,  and  is  not 
without  analogies  in  the  virulence  with  which  epidemic  diseases  spread 
Tvhen  introduced  for  the  first  time  among  a  population  not  heretofore 
subjected  to  them* 

Such  cases  as  these  recall  the  opinions  of  Humboldt  and  others  on 
the  antipathies  of  plants.  According  to  this  notionj  certain  plants  are 
positively  injurious  to  others,  not  so  much  by  any  peculiarity  of  struct- 
ural organization  as  by  the  excretion  of  matters  hurtful  to  other 
plants.  It  has  been  asserted,  for  instance,  that  the  darnel  (Zolhtm 
temukntum)  is  injurious  to  wheat ;  that  a  species  of  thistle  {Serratula 
amensu)  is  obnoxious  to  oats ;  that  a  spurge  {Euphorbia  Peplua)  and 
a  scabious  {Knautia  arvenaU)  are  detrimental  to  flax ;  and  sporrey 
{Spergida  arvensu)  similarly  prejudicial  to  buckwheat. 

In  so  far  as  this  detrimental  influence  is  duo  to  any  excrementitious 
product  from  the  plant,  the  verdict  given  by  modem  physiologista 
amounts  to  "  not  proven,"  Some  would  even  aay  *'  not  guilty  ; "  but 
wo  do  not  see  clearly  how  those  who  take  this  view  can  reconcile 
it  entirely  with  the  existence  of  that  natural  alteration  of  which 
Dureau  de  la  Malle  speaks,  and  which  is  admitted  by  all  subsequent 
observers. 

Mere  exhaustion  of  the  soil  will  not  account  for  the  phenomena  in 
all  cases,  because  a  crop  will  fail  on  a  particular  soil  after  a  while,  and 
yet  chemical  analysis  of  that  soil  will  reveal  the  fact  that  the  particu- 
lar elements  required  by  a  given  plant  arc  still  contained  in  sufficient 
abundance  in  it.     Land,  for  instance,  that  is  '^  clover-sick  " — on  which, 
that  is,  good  crops  of  clover  cannot  be  grown— is  by  no  means  neces- 
sarily deHcieot  in  the  constituent  required  for  the  growth  of  the  plant; 
and,  indeed,  in  the  Rothamsted  cxperiracrits  the  constituents  in  ques- 
tion have  been    supplied  as  manure,  but  without  any  good  resulL 
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Again,  root-excretions  (assuming  their  existence)  cannot  be  produc- 

lirc  of  injury,  as  we  are  assured  by  Br,  Gilbert  ihat  clover  ba^  been 

own  in  tbe  same  plot  of  garden-soil  at  Ilotbamsted  Ipr  eighteen 

i*are  in  succession,  while  only  a  few  hundred  yards  off  no  condition 

fruir  iH  hitherto  been  succes^fyl  in  restoring  the  clover-yield- 

'  Oil  s  of  the  land.*     Reverting,  boM^ever,  to  the  jdleged  an- 

kthies  (^one  plant  to  another,  we  may  make  passing  mention  of  the 

ttdoos  circumstance  recorded  by  M,   Paul  Levi,*  that  the  lianas  or 

ttbing  plants  of  the  forests  of  Central  America  have  their  likes  and 

Flialikea,  and  that  they  will  not  attach  themselves  to  particular  trees 

Jtven  when  brought  into  juxtaposition  with  them.     It  is  signiticent 

hat  the  trees  which  are  thus  slighted  by  the  twiners  are  just  such  as 

r«»  ill-adapted  for  the  support  of  such  plants,  being  such  as  have  tall, 

Ittnbruiched  trunks,  with  smooth  bark  and  a  dense,  overhanging,  dome- 

[Kkeetnopy  of  foliage.     It  is  not  only  the  climbing  plants  that  refuse 

>  grow  on  stich  trees,  but  to  a  less  extent,  also,  the  mosses,  ferns, 

^  OTchidF,  Bromeliads,  and  other  epiphytal  plants. 

It  is  obvious,  from  what  has  been  previously  said,  that  human  in- 

I  t^rf^rence  affects  these  ititertiecine  convicts  of  plants  very  materially, 

I  It  ill  clear  also  that  the  cultivator  can  very  often  avail  himself  of  them 

lloiuiown  profit.       From   this  point  of  view  the  experiments   and 

k^Aim'attoos  carried  on  at  Rothamsted  by  Mr.  Lawes  and  Dr.  Gilbert 

lilt  ujost  tmportant,  especially  those  relating  to  the  struggle  among 

IjESture-plants,  and  the  circumstances    favoring  certain   plants  more 

UoaQ  their  fellows.     No  detailed  report  of  these  particular  experiments 

Hpldtherto  been  published,  and  only  a  few"  scattered  notices  in  the 

Ift^edings  of  the  Horticulteral  Society  (June  2, 1868)  have  appeared 

Itont'emirTg  them.     We  can,  however,  give  some  idea  of  their  scope 

I  tod  nature  by  stating  that  a  part  of  the  park  at  Rothamsted,  which 

'  kw  heen  under  grass  for  centuries,  has  been  divided  into  plots  of 

^iX  size,  placed  side  by  side  under  conditions  as  nearly  equal  as 

po«»ttble.      Some  of  these  plots  have  heen  left  unraannred ;    others, 

•ooie  twenty  in  number,  have,  for  the  last  ten  or  twelve  years,  been 

|lttb}ectod  to  Vftrions  manures,  the   constitution  and  proportions  of 

ptioh  are  accurately  determined.     The  general  herbage  of  the  park, 

IHethat  of  the  nnmanured  plots,  consists  of  some  fifty  species  of 

Iflants,  including  suntlry  grasses,  clovers,  docks,  umbellifers  and  other 

■plttte  commonly  found  in  such  situations.     In  the  several  manured 

ifcil  A  change  is  observable,  sometiraes  slight,  at  other  times  vast, 

••Jtlie  chftoge  does  not  show  itself  ho  much  in  the  superior  luxnri- 

ioec  of  any  one  plant*  or  in  the  stan^ed  condition  of  another,  as  it  docs 

B*  the  more  or  less  complete  exclusion  of  certain  plants,  and  in  their 

r^  '  ut  by  others.     Thus,  while   the  nnmanured  plots  contain, 

i_|~  '|jeeies  of  plants,  others  comprise  less  than  half  that  num- 

^^H     *  Jbvmol  0f  tkt  n&rticuUural  SbciWy,    Kew  Scries,  vol  ill.,  p.  f^l, 

^^^      •  Ctt6d  in  the  Gtttdentr'i  Chromde,  1870,  p.  888,  i 

m  vot.  m.— <>  m 
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ber ;  from  some  plots  the  clovers  and  umbellifers  are  banished  alto- 
gether, while  in  other  cases  they  may  be  proportionately  increased. 
Even  among  the  grasses  the  competition  is  very  severe,  and  the  result 
in  some  cases  is  that  all  or  nearly  all  have  to  give  way  to  the  cockV 
foot  grass  {Dactylis  coBspitosajj  the  growth  of  which  is  so  fostered  by 
certain  manures  as  to  cause  it  to  overcome  its  fellows  and  remain  mas- 
ter of  the  situation.  To  the  plots  to  which  a  mixed  mineral  manure, 
consisting  of  salts  of  potash,  soda,  magnesia,  and  lime,  is  applied,  but 
little  difference  in  the  number  of  species  is  observable.  On  the  other 
hand,  manures  containing  ammonia  salts,  or  nitrates,  cause  a  great 
diminution  in  the  number  of  species  living  in  the  plot  to  which  they 
are  applied.  While  the  unmanured  plots  furnish  by  weight  about  60 
per  cent,  of  grasses,  the  remainder,  consisting  of  plants  of  other  fami- 
lies, the  plots  to  which  admixture  of  mineral  and  nitrogenous  manures 
is  added,  contain  as  much  as  95  per  cent,  of  grasses,  and  these  belong- 
ing to  a  comparatively  very  few  species.  Salts  of  potash  and  lime, 
which  are  comparatively  inert  as  regards  grasses,  manifest  their  influ- 
ence in  increasing  the  vigor  and  the  absolute  numerical  proportion  oi 
the  leguminous  plants. 

The  manner  in  which  these  results  have  been  arrived  at  is  worthy 
of  a  short  description  in  this  place. 

Notes  are  taken  at  frequent  intervals  during  the  season  of  growth, 
the  appearance  of  the  plants  noted,  their  relative  luxuriance  observed, 
and  their  comparative  tendency  to  produce  flower  or  stem  and  leaf^ 
the  abundance  of  flowers,  etc.,  etc.     Root-growth  is  studied,  and  also 
the  character  of  the  soil  in  the  various  plots,  and  the  way  in  which 
its  texture  and  its  capacity  for  holding  or  transmitting  water  are  mod- 
ified according  to  the  manure  applied.     When  the  crop  is  cut  from 
each  plot,  its  weight  is  estimated,  and  also  the  amount  of  dry  producei 
In  some  cases  chemical  analysis  is  pushed  further,  and  the  ashes  duly 
examined.     In  addition  to  these  no  trifling  observations,  three  "  sepi- 
rations  "  have  been  carried  out  at  regular  intervals.     These  sepaift- 
tions  consist  in  the  picking  out,  from  a  sample  of  a  certain  weight 
taken  from  each  plot,  every  fragment  of  every  species  contained  in 
the  sample.     In  this  way  the  relative  quantity  and  weight  of  each  of 
the  different  plants  in  the  several  samples  are  accurately  determined, 
and  the  proportion  in  the  whole  plot  computed.     The  labor  is  eno^ 
nious ;  but  the  results,  when  fully  brought  out,  must  be  most  impo^ 
tant,  both  as  regards  the  scientific  aspect  of  the  question,  the  history 
of  the  life-struggle  between  plants  so  circumstanced,  and  also  as  re- 
gards the  practical  hints  to  be  derived  by  the  cultivator. 

Some  experiments  of  a  somewhat  similar  character,  and  bearing 
directly  on  the  struggle  for  life  among  plants,  have  been  made  by  ProL 
Hoffmann*,  of  Giessen,  and  they  are  of  such  interest  that  we  introdnoe 
here  a  very  condensed  account  of  them,  taken  from  the  pages  of  the 
Qardener^a  Chronicle^  1870,  p.  664  • 
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In  Ji  previous  ael  of  experiments  the  Giessen  professor  had  ascer- 
tained tliai  the  particular  plants  under  observation  grew  equally  well 
in  all  the  varietieg  of  soil  in  which  they  were  placed,  prcvich^d  due 
can  waa  taken  to  prevent  the  growth  of  intruding  weeds.     Having 
aifived  at  this  result,  Prot:  Iloffmann  next  left  (he  several  plants  to 
ibeiBselvet),  with   a  view  of  ascertaining  how  they  would  comport 
tbesiaelres,  without  assistance,  against  the  inroads  of  weeds.     Tlie  re- 
aidt  waa^  that  the  weeds  completely  gained  the  upper  hand,  as  might 
Imva  been  expected  from  their  known  habit.     The  species  w  hieh  held 
out  loageat  was  Aspenda  eynanchicu.     This  plant,  after  having  been 
gftiWD  in  a  bed  for  three  years,  and  protected  from  weed-invasion  by 
ilia  aae  of  the  hoe,  was  then  left  to  take  care  of  itself.     It  held  out  for 
ftror  years,  but  was  ultimately  elbowed  out  by  the  intruders.     Acting 
the  principle  of  "  set  a  rogue  to  catch  a  rogue,'*  Prof.  Hoffmann 
set  himself  to  observe  the  results  of  the  internecine  struggle 
ween  the  weeds  themselves,  thinking  that  the  ultimate  siu  vivors 
luld  |»erhaps  prove  to  have  special  affinities  for  the  soil  in  which 
y  grew, 

Thut  left  to  themselves,  the  beds  became  so  densely  covered,  that, 
iikai^uare  foot,  the  professor  counted  460  living  plants,  and  the  rem- 
oC  man  J  others,  which  had  succumbed  in  the  encounter.  Every 
jn  July,  the  plots  were  examined,  and  every  year  the  number  of 
aa  found  to  have  diminiBhed.  3Ielilot8,  at  first  abundant, 
inally  disappeared;  Arttmuia  vulgaris  succumbed  after  two  or 
yt-ar* ;  and  fio  on,  till  at  length  only  a  few  species  were  left,  and 
tkie  not  only  persisted,  but  slowly  gained  ground  from  year  to  year, 
tad  altilliately  remained  in  possession  of  the  plot.  The  plots  under 
obMenration  were  2  metres  30  cents,  long,  1  mttre  broad,  and  all  as 
aariy  a«  posaible  under  the  same  conditions,  save  that  the  soil  was 
tariid,  in  some  eases  consisting  of  the  ordinary  soil  of  the  garden,  in 
olKen  of  an  admixture  of  lime,  in  others  of  sand,  or  of  sand  and  lime, 
lad  10  forth, 

(H  the  107  species  under  observation,  all,  or  nearly  all,  found  the 
«ttS4*ntial  njquisites  of  their  exiatence  equally  well  in  all  the  van- 
fli  i<i"  rhat,  other  conditions  being  equal,  the  nature  of  the 

toaa   i  nt.     The    species  which    remained    victors,   all   the 

Wing  nlumately  dispossetiised,  were  Triticum  nptfis  (couch), 
iW  ffrui€n*i9^  PotefkURa  reptans^  Acer  Psetido  Platamis  (f^ycamore), 
€mmM  imutum^a,  native  plants;  and  Aster  aali gnus  ^  A.  parvijforus^ 
SfhotHa  rirQnta^  and  Prunus  Padus,  derived  from  other  ponions 
'ft  the  gardrn* 

I  It  Diay,  therefore,  be  inferred  that  the  district  in  which  these  ex- 
prineiita  were  nnule  would,  in  process  of  time,  if  no  obstacle  were 
Antod,  btKHmie  covered  with  meadows  and  woods — meadows  in  the 
^■ptiuiid  iumI  woods  in  elevated  places.  Again,  the  experiments 
Hpilial  ihe  ftUTTival  of  certain  plants  has  not  been  iuflueuctd  by  the 
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nature  of  the  soil ;  thus  the  coach-grass  was  ultimately  spread  ovei 
all  the  plots,  whether  of  sand,  or  of  loam,  or  of  lime,  whether  drainec 
or  undrained.  So  also  with  Poa  pratensU  and  Potentilla  reptatis.  S< 
that  the  chemical  and  physical  nature  of  the  soil,  as  has  been  so  oftei 
shown  in  similar  investigatione,  plays  only  a  secondary  part. 

As  to  the  action  of  shade,  it  was  found  by  Prof.  Hoffmann  that  low 
growing  plants,  especially  if  annuals,  disappeared  rapidly,  while  taller 
growing  plants,  such  as  couch,  Prunua  Padiss,  etc.,  survived.  Th< 
survival  of  certain  plants,  then — couch,  Asterj  Potentilla^  etc. — ^is  dm 
much  less  to  external  conditions  than  to  the  ^^  habit "  of  the  plant  it 
self;  that  is  to  say,  to  the  facility  the  plant  has  of  adapting  itself  t( 
varying  external  conditions,  and  thus  of  triumphing  over  others  lesi 
favorably  endowed  in  this  wise.  . 

The  immediate  source  of  victory  lies  in  the  powerful  root-growtli 
of  the  survivors,  including  under  the  general  term  ^root"  not  onlj 
the  root  proper,  but  the  offshoots  and  runners  which  are  given  off  just 
below,  or  on  the  surface  of  the  ground.  Indeed,  the  latter  habit  of 
growth  is  more  advantageous  to  plants  in  such  a  struggle  than  the  de- 
velopment of  the  true  root  downward  would  be.  Among  those  plants 
where  the  roots  were  equally  developed  there  were,  nevertheless,  ine- 
qualities of  growth,  dependent,  probably,  on  the  greater  need  for  light 
in  some  species  than  in  others,  etc. 

It  is  clear  from  Prof.  Hoffmann's  experiments  that,  but  for  the  con- 
tinual use  of  the  hoe,  and  the  diligent  extirpation  of  the  weeds  in  oar 
fields,  the  stronger-growing  ones  would  not  only  destroy  our  cropB, 
but  also  other  weeds  less  vigorous  than  themselves.  But  they  are  not 
sufficient  to  explain  all  the  conditions  of  this  complicated  problem ;  as 
is  shown  by  the  fact  that,  in  the  district  adjoining  the  locality  where 
Prof.  Hoffmann's  experiments  were  carried  on,  the  predominant  plants 
are  not  the  same  as  those  which  ultimately  proved  victors  in  the  ex- 
perimental beds. 

We  may  add  that  for  two  years  a  series  of  observations  was  oa^ 
ried  on  in  the  gardens  of  the  Royal  Horticultural  Society,  at  Chiswick, 
with  a  view  to  ascertain  how  certain  selected  plants,  twelve  in  num- 
ber, and  naturally  growing  in  pastures,  would  be  affected  when  grow- 
ing by  themselves,  by  the  addition  of  manures  of  five  different  de- 
scriptions, and  similar  to  those  used  at  Rothamsted.  In  some  cases  the 
results  of  these  experiments  were  unsatisfactory,  from  circumstances 
that  need  not  be  detailed  here ;  still  a  large  body  of  facts  was  ac- 
cumulated, and,  with  reference  to  the  property  by  which  certain  plants 
prove  victorious  in  the  struggle  for  life,  it  was  clear  that  the  natural 
habit  or  organization  of  the  plant  was,  coBteris  paribus^  the  mainspring 
of  its  success  over  its  competitors.  The  several  manures  intensified  or 
deteriorated  this  peculiar  organization,  as  the  case  might  be,  and  thus 
favored  or  impeded  its  growth  accordingly. — Popular  Science  Heniew* 
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[  THE  HIPPOPOTAMUS  AIO)  HER  BABY. 

^^P  By  F£AK£  BUCKLaKD. 

ON  the  5tb  of  November,  1604,  two  Imndred  and  sixty-eight  yejira 
ago,  the  whole  of  London  was  iii  a  stare  of  commotion  at  hearing 
af  the  diBCOvery  of  *'Guy  Fawkes"  silting  in  a  cellar  under  tlie  Houses 
icrf  Parliament,  on  a  powder-barrel,  with  a  match  in  his  hand,  his  inteu- 
■^tioti  being  to  blow  up  James  I.  and  the  House  of  Lords. 

On  the  6th  of  November,  1872,  London  was  again  put  in  a  state  of 
I  commotion  by  the  appearance  of  another  **  Guy  Fawkes ; "  this  time, 
ilowever,  not  in  the  cellar  under  the  Houaes  of  ParEament,  but  in  the 
litraw  by  the  side  of  his  mother  in  her  den  at  the  Zoological  Gardens* 
In  the  engraving  on  page  86,  you  can  now,  kind  reader,  see  the  portrait 
of  this  celebrated  animal,  **Guy  Fawkes*,"  so  called  on  account  of  the 
date  of  his  birth.     The  father  hippopotamus  came  over  here  in  the  year 
I  1851,  and  was  accompanied  in  his  journey  by  the  well-kuown  captain 
lof  the  **Rob  Roy  Canoe,^*  who  happened  to  be  a  fullow-pasBenger  in 
Itlie  steamer  with  him.     The  female  hippopotamus   wan  sent  over  to 
HEaglaad,  by  my  friend  Consul  Petherick,  at  a  later  date.     From  these 
ptreDts  three  young  ones  have  been  bom  at  the  Zoological  Gardens  ; 
^^fe^nnately,  two  of  these  interesting  infants  died.     I  madt^  two  cae^ts 
^Hkfimt  Baby  Hippo:  one  dast  is  in  the  girafle-hou^e  at  the  Zoologi- 
cal Gardens,  the  other  is  in  my  Fish  Mnseiim  at  South  Kensington. 
The  finrt  two  young  ones  remained  by  the  head  of  the  mother,  evidently 
not  knowing  where  the  udder  was*,     Mr.  Bartlett,  the  talented  aiui 
everobliging  superintendent  of  the  Zoological  Gardens,  tells  me  that, 
before  these  two  hippopotami  were  born,  the  people  at  Paris  and 
Amsterdam  liad  written  to  him  to  advise  him  "never,  on  any  account, 
I  to  let  the  baby  hippopotamus  go  into  the  water."     lie  took  tlieir  luU 
ftlce  on  the  former  occasions,  bat  at  the  birth  of  **  Guy  Fawkes  "  he 
WW  determined  to  try  the  very  reverse  plan.     He  therefore  allowed 
1  the  yomig  one  to  accompany  its  mother  into  the  big  bath.     It  is  to 
lllr,  Bartlett  that  must  be  ascribed  the  honor  of  the  discovery  (hat  (he 
wy(fung  hippopotamus  certainhj  siteks  under  water.     It  would  seem, 
■therefore,  that  the  young  hippopotamus  has  some  peculiar  anatomical 
lllmctore  which  enaldes  it  to  remain  a  much  longer  time  under  water 
|tlianits  parents. 

I  A  few  days  after  the  birth  of  the  young  one,  JMr,  Bartlett  was 
fcAtcbiug  it  swimming  about  the  tank.  It  then  suddenly  dived,  but 
Hid  not  reaji|>ear  for  such  a  long  time  that  he  thought  it  had  had  a 
mij  and  was  lying  drowned  at  the  bottom  of  the  tank.  He  therefore 
■laiie  arrangements  to  have  the  large  plug  pulled  out— thij*  phig  had 
iteen  fixed  exprej^sly  for  thi^  purpose — an<l  to  run  off  the  tank  quickly, 
mu  to  resuscitate  the  little  beast  if  possible.     They  were  just  going 
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to  do  this,  when  Master  "Guy  Fawkes"  suddenly  reup|mared>  shaking 
his  tiinriy  little  horse-like  eui'3,  from  the  boltoni  of  his  tank,  vn\h  a 
hippopotamic  grin  an  his  face,  \i%  umch  as  to  say,  *'*Don^t  be  fright- 
ened, I  am  all  rit^ht;  you  dou't  know  all  about  nie  yet!"  The  little 
biMst  had  remained,  without  blowing  or  takin^j  breath,  actually  under 
water  for  nearly  twenty  minutes.  The  parents  have  never  been  known 
to  be  binder  much  over  three  minutes,     I  suspect  Nature  has  given  this 
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^^^brfni  power  of  remuinliig  eo  long  under  water  to  the  yoiuig  Mp- 
•fOpCMU&mtis,  firet  of  all^  to  enable  it  to  suck — when  the  water  baa  been 
dear,  Mr,  Bartlett  has  frequently  seen  it  sucking  under  water — and, 
teeoodly,  in  order  that  it  may  be  concealed  from  its  enemies,  though 
I  mn  QOi  at  all  certain  but  that  a  large  crocodile  would  seize  and 
ftwaliow  a  young  hippopotamus  as  a  jack  would  swallow  a  roach. 

XLastf  r  Guy  Fawkes,  nevertheless,  bad  one  day  a  narrow  escape 
'  bt&  life.     In  order  to  clean  out  the  tank,  one  fine  sunny  morning  the 
pother  and  child  were  let  out  into  the  pond  outside.     They  both  re- 
FTT  fe  the  water  as  long  as  it  suited  them,  and  then  the  mother 

ut  with  that  peculiar  stately  gait  which  diBtinguishes  this 
fiirantic  animal*  The  little  one  attempted  to  follow,  but,  unfortunate- 
I  chose  a  landing-place  at  the  corner  nearest  the  giraffes'  enclosure, 
thf*  very  point  where  there  were  no  steps.  The  poor  little  fel- 
;  and  fought  hard  to  get  out,  but  could  not,  ialliug  back 
iii^,....  .aio  the  water.  His  mother,  seeing  the  distress  of  her 
dOd^  immediately  went  back  into  the  water,  and,  diving  down, 
hou/  ip  from  the  bottom.     She  then  supported  his  head  above 

viUt,  r  to  give  him  time  to  breathe.     For  nearly  half  an  hour 

Xr.  Bartlett  a&d  the  keepers  were  in  agonies.  Of  course,  they  dare 
M  go  to  help  Guy  Fawkes,  and  there  was  no  form  of  life-buoy  they 
wM  ihroir  to  the  struggling  creature.  At  last  the  young  one  made 
mow  vigorcius  effort  than  ever,  when  simultaneously  the  old  ^ue 
if e  him  tk  fiuah  with  her  tremendous  head,  and  the  little  animaFs  life 
wn  ilioB  fiaved.  So  we  see  that  the  hippopotamus  is  no  fool ;  her  in* 
itiMl'^-cn  1  her  how  to  save  her  young  one. 

b  wo^}  ;        '       ^  *"  "i<^  *'^  attempt  to  describe  this  little  ani- 

iKil,  IwcncMs  erery  one  ought  to  go  uTid  ^e  it.     It  is  about  the  size 

ul  iliaf»e  of  ftu  ordinary  bacon  pig,  but  the  color  is  something  of  a 

piil3ili*«lilte*     He  knows  his  keeper  very  well:  and  when  he  has  had 

iMKUnoer  is  as  playful  aa  a  kitten,  popping  and  jumping  about  bia 

^K^ikd  throwing  up  moutbfuls  of  hay,  like  a  young  calf     When  ^rst 

^^H^  was  ttmall  enough  to  come  through  the  bars  on  to  the  straw 

fiiUde  bit  drn,  but  f^x>n  he  had  grown  so  much  that  he  eould  not  get 

:Iirifti,fK      lit'  useil  to  put  his  head  through  the  bars,  and  allow  Pres- 

•♦•r,  to  rub  his  gums.     Tlie  tusks  of  the  lower-jaw  were 

^^^^^^  111  the  gum.     His  back  teeth  have  not  come  yet; 

^^^HHp  ,o  be  very  careful  about  his  diet,  for  he  has  al< 

^^Vfirben  1  write,  in  January)  begun  to  j>ick  a  bit  at  the  food  pre- 

^^^H^^jjiW     I  atn  pleased   to  be  able  to  record  that  the  council  ot 

^^^^Hpfioftl  Society  so  fully  appreciate  Mr.  Bartlett's  cleverness  in 

^^^^  %  that  they  have  voted  him  a  silver  mediil  and  a 

HK^  ^_ .  ji  it.     Prcscott  and  the  other  keeper  have  also 

Iivmvwl  a  ttlver  m^al  and  a  douceur  from  the  society. 

I     I  ^  '        Tiiake  some  general  remarks  about  hippopotami. 

I    Ti  1    -  L»  of  some  value  commercially.    The  skin  is 
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made  by  the  natives  into  whips,  which,  I  believe^  are  used  to  beat 
delinquents  in  Egypt;  and  I  am  told  that  they  are  exceedingly  for- 
midable weapons.  To  make  the  whip,  the  «kin  is  cut  into  triangular 
fllips,  about  five  or  six  feet  long,  one  end  being  pointed,  the  other 
broad;  it  is  then^eoiled  upon  itself,  and  afterward  dried  in  the  sun, 
and,  when  finished,  is  light,  dry,  and  elastic.  The  teeth  of  the  hippo- 
potamus are  also  of  commercial  value.  Their  structure  is  very  pecul- 
iar. I  have  a  tooth  now  before  ;  it  is  hollow  at  one  end,  like  the  tusk 
of  an  elephants  When  the  animal  was  alive,  this  hollow  wa^^  filled 
with  soft  pulp.  The  tooth  is  always  growing  forward  as  the  pulp 
Bolidifies  behind.  The  reader  can  easily  see  how  this  is,  by  examining 
the  froot  tooth  of  the  lower  jaw  of  the  next  boiled  rabbit  he  baa  for 
dieiuer.  The  outside  of  the  tooth  of  the  hippo  is  formed  of  a  glas^ 
like,  hard  enamel;  it  is  exceedingly  dense,  hard,  and  flint-like.  I  have 
just  taken  down  my  old  regimental  sword,  and  find  that,  by  striking 
it  at  the  proper  angle,  a  shower  of  sparks  fly  away  from  the  tootJi,  like 
the  sparks  from  a  boy's  "  fire-devil  *'  made  in  form  of  a  pyramid  with 
wet  gun|>owder.  The  teeth  of  the  hippopotami,  as  in  the  rabbit,  are 
some  times  liable  to  deformity.  In  the  College  of  Surgeons  there  is 
the  tooth  of  a  hippopotanius  whieh  has  grown  nearly  into  the  form  of 
a  circle.  These  teeth  are,  I  believe,  much  sought  after  by  dentists 
for  making  artificial  teeth;  and  when  a  piece  can  he  had  of  such  a 
loi- "  as  that  the  teeth  can  be  worked  in  enamel,  they  preserve  their 
color  almost  as  in  the  natural  teeth.  The  price  of  hippopotami-teeth 
is  about  thirty  shillings  a  pound.  Artificial  teeth  are  also  made  from 
the  tusks  of  the  walrus^  the  sword  of  the  narwhal,  and  also  the  teeth 
of  the  cac helot  whale. 

Not  long  ago,  the  old  male  hippopotamus  at  the  Gardens  suffered 
much  from  a  decayed  tooth,  Iti  former  times  he  would  have  been 
shot,  as  was  poor  "  Chunee,'*  the  elephant  at  Kxeter  'Change,  Mr. 
Bartlett,  superintendent  of  the  Zoological  Gardens,  with  his  e\er-ready 
talent  in  meeting  all  emergencies,  determined  to  pull  out  the  tooth, 
lie  ordered  the  blacksmith  to  make  a  pair  of  **  tooth-forceps,"  and  a 
tremendous  pair  they  were.  The  "  bite"  of  tlie  forceps  just  fitted  the 
tooth  of  the  hippo.  By  skilful  management,  Bartlett  managed  to  seize 
Master  Hippo's  tooth  as  he  put  his  head  through  the  bars.  The  hippo, 
roaring  frightfully,  pulled  one  way,  Bartlett  and  the  keepers  pulled 
the  other,  and  at  last  out  came  the  tooth,  and  Hippo  soon  got  well 
again. 

No  animal  in  this  world  is  made  without  a  purpose,  and  we  always 
find  that  the  structure  of  an  animal  is  admirably  adapted  to  its  mode 
of  life.  I  believe  that  one  of  the  principal  dnties  which  the  elephant 
and  rhmoceroB  unconsciously  perform,  is  to  cut  paths  througli  the 
dense  forests  and  jungles  in  which  they  live.  The  home  of  the  hippo- 
potamus is  among  the  aquatic  forests  at  the  bottoms  of  large  rivtfrs^ 
such  as  the  Upper  Nile.     It  is  probable  that,  in  the  days  of  Moses,  these 
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abounded  in  LowBr  Egypt.     I  believe  now  they  do  not  occar 

ta  Mijr  p^rt  of  the  Nile  below  the  cutaracts,  the  headquarters  being 

tbt  oeotral  and  Boathertx  parts  of  Africa  only ;  hut  I  am  afraid  that,  aa 

dfUiiatioii  increaaaf^  so  will  the  hippopotamus  retreat.     This  huge 

nomal  a|Miiid6  moit  of  its  time  in  the  water,  and  it  comes  out  to  feed 

H  alglit.     Above  the  cutaracts  of  the  Xile  they  are  very  destructive 

to  the  crop«,  la  they  eat  an  immense  quantity,  and  trample  down  much 

iDOiv  than  they  eat.     Hie  stomach   contains  as  much  as  live  or  six 

Vobefa^  and  the  large  intestine  is  eight  inches  in  diameter.     They  do 

ma  grind  ibeirfood  much,  but  rather  munch  it  up.     The  reader  should 

be  conoiia  to  notice  this  at  the  Ztiologioal  Gardens.     W  hen  the  old 

Mp|>o  opana  its  mouth,  a  good-sized  baby  could  as  easily  be  put  in  as 

~"s  a  letter  into  a  letter-boac.     As  the  elephant  makes  passes  in 

_'les,  ho  it  appears  to  me  that  one  of  the  chief  offices  of  the 

t^mns  is  to  keep  in  cheek  the  dense  vegetation  in  tropical 

-..  ^,  which,  if  allowed  to  accumulate,  would  block  up  the  long 

I  ^' hei  of  rivers,  and  ultimately  turn  the  flat  lands  into  useless,  fever- 
bmdiag  awarops:  so  that  we  see  this  gigantic  animal  is  of  very  con- 
idiialile  aeanomlc  importance.  This  living  machine  for  the  destruc- 
aX  freah-water  vegetation  is  admirably  adapted  for  its  work, 
Ifstnre  has  not  given  him  any  hair,  as  that  would  be  an  incumbrance 
to  it,  and  would  not  well  conduce  to  its  comfort  when  wallowing  in 
the  mud.  The  skin  is,  therefore,  somewhat  like  that  of  a  pig.  If  the 
latfiud  had  not  some  protection  against  the  sudden  changes  of  temper* 
Hare  tadneed  by  his  going  in  and  out  of  the  water  so  frequently,  he 
vcmid  always  be  either  shivering  or  else  unbearably  hot.  Xature, 
thtrtfore,  has  given  him  a  thick  layer  of  tat  between  the  skin  and  the 
The  Dutchmen  in  Southern  Africa  call  the  liippopotamua  the 
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^Zte-eoe,"  or  "Sea-cow,"  My  friend  Mr*  MoBtyn  Owen,  who  has 
tiavdled  a  great  deal  in  Africa,  tells  me  that  they  aliso  call  hitn  the 
*'l7iimvooboo;  and  should  the  reader  happen  to  visit  the  Dee,  near 
Rnboo,  be  would  be  exceedingly  likely  to  see  a  coracle  floating 
fc»a  the  river  with  a  gentleman  sitting  in  it  fishing  for  Balnion,  and 
W  vo^  alao  probably  observe  the  name  ^^  Umnvooboo  ^'  painted  on 
tbeeonda  in  large  Wtters. 

la  tbe  water,  the  hippopotamus,  though  a  gigantic  beast,  shows 
ttry  StUe  of  his  carcass.  On  referring  to  the  engraving,  it  will  be 
<btryfd  that  the  nostrils,  eyes,  and  ears,  are  on  the  same  level.  The 
Mfnibare  each  provided  with  a  wonderful  valve,  by  means  of  which 
Itiaa  open  his  nostrils  to  breathe,  or  shut  them  up  to  exclude  the 
This  beautiful  mechanism  is  worked  by  what  is  called  a 
■asolew'^  Beiwler,  yonr  own  eyes  are  worked  by  a  sphinc- 
fitand  opposite  the  looking-glass  and  wink  at  yourself, 
f«a  will  then  aee  a  sphincter  muscle  in  operation.  You  do  not  nn 
^■ft  a  iphincter  muj»clc  to  yonr  nose,  becaune  you  are  not  amphibir 
Wf  larl,  tiowever,  that  the  seal,  like  the  hippopotamus,  can  clo^  di»- 
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nose  at  will  with  a  sphiuctcr  muscle.  Go  and  look  at  the  seal  in  the 
Zoological.  -  The  valve  wliich  works  the  blowrhole  of  the  whale  and 
porpoise  is  of  an  analogous  character.  Strange  to  say,  we  find  an  ani- 
mal that  is  not  amphibious  has  his  nostrils  protected  by  this  curious 
and  beautiful  valve.  But  you  will  probably  never  guess  what  animal 
this  is.  Well,  it  is  the  camel — the  "  ship  of  the  desert*"  In  the  des- 
ert, where  the  camel  lives,  there  are  often  "  sand-storms,"  and  the 
Creator  has  provided  the  poor  camel  with  this  wonderful  structure  to 
save  him  from  suffocation  when  these  terrible  sand-storms  occur. 

Shortly  after  tlic  little  hippopotamus  was  born  in  the  Zoological,  a 
young  rhinoceros  was  born  on  board  a  ship  in  the  Victoria  Docks,  and 
this  poor  little  animal,  whose  value  was  very  great,  unfortunately  died 
— his  mother  lay  on  him  and  crushed  him  with  her  great  carcass. 
Never  mind,  better  luck  next  time. — Leisure  Hour. 


EUTHAKASIA. 

TIIEUE  is  a  small  knot  of  thinkers  in  Birmingham  who  come  to- 
gether to  discuss  philosophical  topics,  and  call  themselves  The 
Speciiljilivc  Chib,  In  1870  they  published  a  volume  of  seven  essays, 
which  were  written  with  much  ability,  and  some  of  them  with  great 
boldness.  The  sixth  article  of  this  volume  is  by  Samuel  D.  Williams, 
and  is  entitled  '^Euthanasia,"  which  being  interpreted  means  an  easy 
or  desirable  mode  of  death.  The  writer  begins  by  referring  to  the  op- 
position which  was  made  to  the  administration  of  chloroform  for  relief 
of  jmin,  and  more  esi>ecially  in  cases  of  childbirth,  which  was  regard- 
ed :i8  a  revolt  against  the  divine  decree,  "  In  sorrow  shalt  thou  bring 
forth."  This  prejudice  having  passed  away,  the  writer  raises  the  quefr 
tion  of  the  application  of  chloroform  to  a  relief  of  the  sufferings  which 
often  attend  the  approach  of  death,  and  observes:  "It  is  difficult  to 
understan<l  why  chloroform  should  be  rightly  recurred  to,  to  render 
h»ss  painful  the  natural  painful  passage  into  life ;  and  yet,  that  it  should 
be  almost  an  offence  to  so  much  as  suggest  a  like  recurrence  to  it  in 
the  still  more  painful  passat^e  out  of  life."  Why,  he  asks,  should  the 
patient  about  to  be  operated  upon  by  the  surgeon  always  have  a  refuge 
from  suffering  open  to  him,  and  yet  the  patient  about  to  suffer  at  the 
hands  of  Nature  the  worst  she  has  to  inflict,  be  left  without  help  or 
hope  of  help?  Mr.  Williams  lays  down  and  defends  the  followins^ 
projK>sition  :  "  lliat  in  all  cases  of  hopeless  and  painful  illneu  ii 
^^should  he  the  recoffnized  dutij  of  the  medical  attendant^  whenever  eo 
deffisired  by  the  patient^  to  administer  chloroform^  or  such  other  aMBt 
potai^to  as  may  by-and-hy  supersede  chlorofortn^  so  as  to  destroy  eott 
such  atfmeta  €U  once^  and  put  the  si^erer  at  once  to  a  quick  andpaitdeu 
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KbIA  /  aU  neeiffal  precautions  being  adopted  to  prevent  antf  possible 
m/m€  of  9uch  duti/  ;  and  memis  being  taken  to  estaMish^  bct/ond  the 
p^i$iMiig  of  doubt  or  question^  that  t/ie  remtdy  teas  a^iplied  at  the 
€^rtMS  widh  of  tf^  patient J'^ 

Alt«r  describing  the  tortures  of  lingering  iJtsease  leading  to  Inevi- 
tlUle  deatb,  the  writer  remarks  ; 

'C&ses  Rncb  as  this  abound  on  every  hand;  and  those  who  have 
wtlness  suflering  of  this  kind,  and  to  stand  helplessly  by,  long- 
^  minister  to  the  beloved  one,  yet  unable  to  bring  any  real  respite 
iay  well  be  impatient  with  the  easy-going  spirit  that  sees  in 
ery — so  long  as  it  does  not  fall  upon  irself — nothing  but 
*tlie  ippomted  lot  of  man ;  *  and  that  opposes,  as  almost  impious  or 
)gtilRn««  every  attempt  to  deal  with  it  efftictually. 

•'  WliT,  it  must  be  asked  again,  should  all  this  unnecessary  suffer- 
ing be  eodored  ?    The  patient  desires  to  die  j  his  life  can  no  longer  be 
of QM  to  others,  and  has  become  an  intolerable  burden  to  himself;  the 
^pilknt^s  friends  submit  to  the  inevitable,  but  seek  the  means  of  rob- 
[  daUh  of  its  bitterest  sting — protracted  bodily  pain  ;  the  medi- 
I  itteodaut  is  at  the  bedside  with  all  the  resources  of  his  knowledge 
t  bis  skill  ready  to  his  hand ;  he  eould,  were  he  permitted,  bring  to 
mediate  and  permanent  relief.     Why  is  he  not  allowed 
sther,  why  should  not  his  doing  so  be  a  recognized  and 
duty?*' 
tlie  objection  that  such  a  course  would  be  a  violation  of  the 
I  of  life,  the  author  rejoins  : 
^Tt  mav  well  be  doubted  if  life  have  any  sacredness  about  it,  apart 
I  the  use  to  be  made  of  it  by  its  possessor.    Nature  certainly  knows 
lotUfig  of  uny  such  sacrednef^s,  for  there  is  nothing  of  which  she  is  so 
1  a  man's  life,  in  her  eyes,  is  of  no  more  value  than  a 
jfitherto,  man  has  shown  as  little  sense  of  the  value  of 
lai  htc  a*  Nature  herself,  whenever  his  pasnions  or  lusts  or  interests 
be<iii  thwarted  by  his  brother  man,  or  have  seemed  likely  to  be 
by  his  brother  man^s  destruction.     A  sense  of  the  value  of 
individual   life  to  himself,  man  has,  indeed,  seldom  been  deti- 
ua ;  and,  by  a  kind  of  reflex  action,  this  sense  lias  slowly  given 
I  to,  and  alway  underlies,  the  sense,  such  as  it  is,  of  the  valae  of 
r  ineo*«  lives.     But  even  to-day,  and  amid  the  most  civilized  coun- 
[  of  Europe,  ^  the  ^aeredness  of  man*s  life  '  is  tlirown  to  the  wlndi«i, 
icnl  uALional  or  political  passion  grows  hot,  or  even  when  mere 
interests  are  seriously  threatened.     And,  indeed,  seeing  that 
!  h  tn  imnnitory  a  thing,  and  that,  at  the  best,  it  has  to  be  laid  aside 
'  brief  space  of  its  threescore  years  and  ten,  it  is 
r  I  'i  the  meanhig  of  the  word  '  sacred  ■  when  applied  to 

[except  ID  so  far  an  the  word  may  signify  the  duty  laid  on  each  man 
his  life  nobly  while  he  has  it. 

bftj^d  on  the  sacreilnnw  of  life,  may  be  dia- 
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missed ;  life  is  a  thing  for  use,  and  is  to  be  used  freely  and  sacrificed 
freely,  whenever  good  is  to  be  won  or  evil  avoided  by  such  sacrifice  or 
use ;  the  man  who  is  ever  ready  to  face  death  for  others'  Bakes,  to 
save  others  from  grinding  pain,  has  always  been  reckoned  a  hero ;  and 
what  is  heroic  if  done  for  another,  is  surely  permissible,  at  least,  if 
done  for  one's  self;  the  man  who  could  voluntarily  give  up  his  life  to 
save  another  from  months  of  slow  torture,  would  win  everybody's  good 
word :  why  should  he  be  debarred  from  taking  a  like  step  wlien  the 
person  to  be  rescued  is  himself?  " 

It  is  furthermore  urged  that  the  sacredness  of  life  is  violated  by 
existing  medical  practice,  where,  in  cases  of  extreme  and  hopeless  snl^ 
fering,  physicians  administer  drugs  which  give  present  relief,  at  the 
expense  of  shortening  the  patient's  life. 

To  the  objection  that  submission  to  the  will  of  Providence  forbids 
the  shortening  of  pain  in  this  way,  the  writer  replies  that  ^'  by  the  same 
principle  we  should  submit  to  the  will  of  Providence,  and  not  seek  to 
escape  any  pain.  Not  submission  to  surrounding  circumstances — 
another  term  for  Grod's  will — but  successful  effort  to  bend  them  to  hif 
purposes,  is  man's  chief  business  here ;  and  every  useful  thing  he  doei 
is  a  successful  attempt  to  change,  for  his  own  or  others'  benefit,  some 
of  the  conditions  of  life  which  surround  him." 

And  thus  the  author  of  '^  Euthanasia "  goes  on  attacking  current 
ideas,  and  taking  his  own  view  of  the  economy  of  the  world.  Nature 
is  to  him  not  a  mighty,  beneficent  motlier,  any  more  than  she  is  a  dread 

and  relentless  power — 

'*  Red  in  tooth  and  claw 
With  payine." 

^*  Death  by  disease  is  always  death  by  torture,  and  the  wit  of  mtn 
has  never  devised  torture  more  cruel  than  are  some  of  Nature's  meth- 
ods of  putting  her  victims  to  death. 

'^  One  of  the  main  facts,  then,  that  men  have  to  make  familiar  to 
their  thoughts  and  to  adjust  their  lives  to,  is,  that  they  are  bom  into  a 
world  on  the  painful  riddle  of  which  speculation  can  throw  no  light| 
but  the  facts  of  which  press  hard  against  them  on  every  hand ;  and 
from  these  facts  the  truth  stands  out  clear  and  harsh,  that  not  eq}oy* 
mcnt,  but,  in  the  main,  struggle  and  suffering,  is  what  they  have  tD 
look  for,  and  that,  to  bring  this  suifering  into  bearable  proportiooi^ 
should  be  one  of  the  chief  aims  of  their  lives." 

The  publication  of  this  essay  made  but  little  stir  at  first.  But  it  - 
was  separated  from  the  volume,  and  published  in  a  pamphlet  with 
profaee  by  Rose  Mary  Crawshay,  and  in  this  shape  went  to  the  thlld  . 
edition.  The  subject  has  been  lately  taken  up  in  the  FortnigkS§\ 
JievieWy  by  Mr.  Tollemaehc,  under  the  title  of  "A  New  Cure  forbJ 
curables."  Planting  himself  on  3Ir.  Williams's  ground,  he  reprodaoMl 
his  chief  arguments,  and  adds  others,  with  a  view  of  strengthening  thi  | 
case.     To  illustrate  how  far  pain  reconciles  us  to  death,  he  says : 
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*It  \t  probably  from  surgical  cases  that  the  strongest  arguments 
if  itttbanaaia  may  be  drawn.  One  of  the  highest  authorities  respect- 
h%mx^  cases,  the  late  Sir  Benjamin  Brodie,  said  that  a  very  raoder- 
*te  amoant  of  pain,  if  continued  for  a  long  time,  would  make  any  one 
Iwartfly  tired  of  life.  He  remarked  also,  that  during  his  whole  life  he 
had  known  only  two  dying  persons  who  showed  any  fear  of  death  \ 
and  thai  both  those  died  of  bleeding.  One  cause  of  this  singular  cir- 
('itTTi^tance  probably  was,  that  m  these  two  cases  there  was  hardly  any 
I  lin  to  distract  the  mind;  and  the  fact  is  curious,  as  showing  how 
au'^  in  Sir  Benjamin^s  experience^  such  painless  deaths  must  have 

The  publication  of  this  paper  gave  the  discussion  a  fresh  impulse, 

lod  Dtimerous  articles  and  Ift  ters  have  appeared  in  the  English  press, 

thw  in  fiiror  of  Euthanasia,  but  most  of  them  decidedly  against  it, 

^'^turday  Ji^view,  wliich  had  at  first  coquetted  with  Mr,  Williams^a 

y  aa  a  novelty,  upon  sober  reflection  condemned  it.     The  follow- 

:  >  u  part  of  its  argument : 

It  ia  of  primary  importance  to  inculcate  a  regard  for  the  sanctity 
'If  human  life.     The  reluctance  to  take  life  is  indeed  often  pushed  to 
la  extreme  by  the  opponents  of  capital  punishments.     But  nobody 
cm  Bay  that  the  mass  of  the  population  have  as  yet  pushed  their  ten- 
dftroess  to  the  verge  of  effeminacy.    A  little  story,  related  for  a  differ- 
ent purpose  in  the  Fortnightly  Meview,  illustrates  very  prettily  a  sen- 
timeitt  which  is  not  so  uncommon  as  might  be  desired^     A  sensible 
Scotchman  watching  by  the  bedside  of  his  dying  wife  became  impa- 
tient at  the  poor  woman's  anxiety  to  express  her  last  wishes,  and 
ciTilly  requested  her  to  'get  on  wi'  her  deeing.'     Xow,  among   the 
poom  classes,  where  the  inconvenience   inflicted  by  people  who  '  take 
aa unconscionable  time  in  dying'  is  necesiiarily  felt  muclj  more  keenly 
^n  with  people  in  a  different  rank,  it  is  to  be  feared  that  this  deli- 
cst-p  hint  is  frequently  followed  up  by  some  practical  remonstrances. 
*Th^r  pinched  his  nose  beneath  the  clothes,'  as  Barham  says,  on  the 
Wthority  of  a  real  occurrence,  *  and  the  poor  dear  soul  went  off  like 
M  kmW    Suppose,  iu  fact,  the  case  of  a  small  cottage,  where  the  in- 
faliti  has  become  a  heavy  burden  upon  his  family  instead  of  a  support, 
where  the  expense  of  providing  medicine  and  attendance  is  most  seri- 
and  where  the  sick-room  is  also  the  only  dwelHng-roora, 
not  frequently  be  a  strong  temptation  to  give  him  a  quiet 
Jfish  or  two  along  the  downward  path  ?    If  it  were  understood  to  be 
tbe  law  that  invalids  might  be  finished  off  when  the  case  was  hopeless, 
vould  not  the  temptation  be   frcqueotly  overpowering?    Yes,  it  is 
npKed,  but  the  doctor  and  the  parson  must  be  present.     That  is  all 
*'**^   well,   bnt,  if  tlie  practice  became   common,  the   people  would 
,  lf*am  to  take  the  Iaw  into  their  own  hands.     For  it  is  to  be 
0b#erred  t^t  this  is  one  of  the  cases  where  nobody  could  tell  tales. 
A  auan  on  the  rerge  of  death  does  not  require  to  have  his  throat  cut 
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or  a  dose  of  arsenic  administered.    A  judicioas  shake,  an  omission  to 
cover  him  properly,  or  the  exhibition  of  an  over-dose  of  laudanum,  will 
do  the  business  effectually,  and  no   possible  proof  remains.     Once 
allow  that  such  things  may  be  done  with  due  precautions,  and  the  pre- 
cautions will  soon   be   neglected  as  troublesome  formalities.     Why 
bother  the  doctor  and  the  parson,- why  ask  the  sick  man's  consent, 
when  the  case  is  so  clear  ?     Of  course  the  system  need  not  be  openly 
mentioned,  but  it  would  be  speedily  understood  to  be  a  highly  con- 
venient practice.     The  advocates  of  the  scheme  admit  that  the  precau- 
tions of  which  we  have  spoken  are  absolutely  necessary  to  prevent 
abuse ;  and  we  may  add  that  it  is  simply  impossible  to  enforce  their 
observance.    The  practice  itself  once  sanctioned,  nothing  is  clearer 
than  that  people  could,  if  they  chose,  carry  it  out  in  their  own  meth- 
ods.   No  practice,  again,  could  be  more  directly  destructive  of  any 
strong  persuasion  of  the  sanctity  of  life.     We  need  only  read  a  few 
police  reports,  to  understand  how  great  is  the  existing  tendency  to 
violence  of  all  kinds.     Infanticide,  as  we  know,  prevails  to  a  terrible 
extent,  and  wife-killing  is  not  much  less  popular.     Admit  that  the 
slaughter  of  invalids  is  also  right  under  certain  limitations,  and  it  if 
easy  to  guess  the  consequences.     The  devotion  which  the  poor  display 
in  cases  of  sickness  is  often  among  the  most  touching  and  amiable 
features  of  their  character.     In  spite  of  the  temptations  we  have  no- 
ticed, they  will  often  make  noble  sacrifices  for  the  comfort  of  their 
dying  relatives.     Tell  them  plainly  that  they  are  rather  fools  for  their 
pains  than  otherwise,  and  that  they  had  better  suggest  suicide  to  the 
sufferer  at  the  earliest  opportunity,  and  you  do  your  best  to  encourage, 
not  merely  suicide,  but  the  cruel  murder  of  a  helpless  man.     A  death* 
bed,  instead  of  being  the  scene  for  calling  forth  the  tenderest  emotions 
and  the  noblest  self-sacrifice,  will  be  haunted  by  a  horrid  suspicion; 
the  sick  man  fearing  that  his  departure  is  earnestly  desired,  and  his 
friends  inclining  to  the  opinion  that  killing  is  not  murder,  but  kind- 
ness.    The  agitation  of  the  question,  what  is  the  proper  moment  for 
smothering  your  dying  father  instead  of  soothing  him,  is  not  favorable 
to  the  development  of  those  sentiments  and  the  inculcation  of  thoae 
lessons  which   we  generally  associate  with  a  sick-bed.     In  fact^  thfr 
plan  which  certain  eccentric  philanthropists  have  advocated  with  sudk 
quoor  enthusiasm  has  a  direct  tendency  to  make  men  greater  brute* 
than  they  are,  and  they  are  quite  brutal  enough  already." 

The  Spectator  objects  that  "  the  gravest  of  the  merely  rational 
objections  we  can  bring  against  Mr.  Tollemache  is,  that  the  ideas  of 
which  he  is  the  advocate  would  plainly  lead  to  two  entirely  new 
pliases  of  feeling — impatience  of  hopeless  suffering  instead  of  tendep" 
ness  toward  it,  where  there  was  any  legal  difficulty  in  the  way  of  get' 
ting  rid  of  it  by  the  proposed  new  law — and  further,  a  disposition  \0 
regard  people  as  '  selfish '  who  continued  burdens  upon  others  withooft 
any  near  and  clear  chance  of  the  complete  restoration  of  their  owi» 
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liovers.  Suppose  it  were  permitted,  as  Mr.  Tollemaehe  wishes,  that, 
on  receiring  the  testimony  of  two  or  three  physicians  that  a  mattes 
ease  is  hopelesR,  he  might,  if  he  chose,  elect  to  die,  and  ihat  popular 
feeiiog  came  to  sanction  that  choice  as  the  right  choice;  what  can  be 
dearer  ibao  that,  in  the  abgerice  of  any  relations  to  wliom  such  pa- 
dmts  were  dear,  and  who  took  pleasure  therefore  in  prolonging  their 
Mtf  there  would  spring  up  a  tone  of  habitual  diapleasure  and  irritation 
ard  all  who  chose  to  go  on  giving  uimecessary  trouble  to  the 
Id,  and  that  very  soon  the  standard  of  *  unnecessary '  trouble 
in»iild  begin  iaevitably  to  become  lower  and  lower,  so  that  all  the 
Qfgmnized  charity  which  now  expresses  itself  in  our  hospital  system 
wo«ld  gradually  suffer  'a  sea-change'  into  something  by  no  means 
^liflb  or  straiige' — a  sort  of  moral  pressure,  on  poor  invalids  with  any 
tfcin^  like  a  prospect  of  long-continued  helpleusncss,  to  demand  the 
r%bt  of  ridding  the  world  of  themselves?  We  say  that  it  is  in  this 
'^  't.  of  the  new  code  of  feeling  upon  our  thoughts  of  disease, 
information  it  would  certainly  make  of  pure  pity  into  impa* 
and  something  like  reproachful  displeasure,  that  the  extrem« 
r  of  arguing  out  this  sort  of  question,  on  the  euperficial  consider- 
of  ihc  balance  of  f»ain  and  pleasure  for  each  individual  case,  is 


In  a  tetter  to  the  same  paper,  Mr.  F.  A,  Channing  says :  ^*  It  Is  odd 
tbsl  men  who«e  thought  is  mainly  an  outcome  of  modern  science  should 
BB  to  apply  what  is,  perhaps,  the  most  striking  conception  of  modem 
^ — ^tbat  of  time  in  relation  to  growth — to  questions  such  as  this 
^Uslliaiiasia.  If  the  central  human  instincts  on  which  morality  rests 
^Vtbeilowly-won  product  of  ages  of  moral  growth,  a  practice  out  of 
^knoaj  with  the  most  fundamental  of  those  instinets,  however  spee- 
^Biitnely  excellent,  could  not  be  introduced  without  mischief.  It  would 
^Kfiiee  too  much  of  human  feeling  before  it  had  time  to  put  itself  on 
^nitiotial  footing.  Even  in  the  individual  philosopher  it  may  be 
^■ibled  whether  reason  could  remodel  instinct  so  as  to  make  tlie 
^■Mi  of  duty  in  such  a  case  really  complete.  In  most  men  the  over- 
^■Itka  iniilittets  wouhl  merely  be  replaced  by  sellishness  and  cruelty  to 
^W  Mplaas,  Tliey  wouhl  lose  the  gentleness  of  strength,  without 
^pUoip  the  loaiit  glimpse  of  the  new  morality. 

^m  **[b  Ruthanasla  we  are  offered  a  refined  copy  of  the  customs  of  some 
Hbr^ee  trilic*,  among  whom  life  is  more  diflicuU  to  maintain,  and  so 
^■1  nifuible*  But,  then,  their  instincts  are  on  the  level  of  their  cus- 
^ka  TlitTe  U  no  jnr  between  calculation  and  sentiment,  such  as  we 
^■nU  havi%  Bach  a  jar  would  make  the  practice,  if  adopted  among 
^Ki|tfiog  from  an  estimate  of  personal  advantages,  and  not  from  the 
^■tfihoagfat-OQt  sense  of  what  is  best,  which  is  duty  to  most  men. 
^ftj,  wbtfv  »iiHi  imperative  instincts  as  the  desire  to  keep  life  for  our- 
^^^Ksod  our  friends  at  all  costs  arc  directly  repressed  in  Ibrming  and 
^H^oo  tbtfl  estimate,  the  result  must  be  moral  loss  to  all  except  the 
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philosopher  who  has  had  time  to  think  his  soul  to  onenefw  ander  the 
rule  of  reason.  Euthanasia  might  become  a  wholesome  doctrine  if 
time  should  dissolve  our  present,  perhaps  animal,  feelings,  and  replace 
them  by  more  economical  sentiments.  But,  as  we  are,  it  conld  only  be 
an  esoteric  doctrine  for  the  few  who  might  have  opportunities  of  end- 
ing hopeless  jnisery  by  chloroform  without  giving  needless  pain  to  their 
friends.  That  is,  it  would  be  applicable  only  in  the  way  ProC  Newman 
deprecates. 

"  It  may,  of  course,  be  urged  that  there  has  been  a  latent  change  in 
men^s  notions  of  life  and  death  which  only  needs  expression,  and  that, 
if  men  talked  freely,  many  would  be  found  to  talk  Euthanasia.  But 
facts  like  the  growing  aversion  to  capital  punishment  seem  to  point 
the  other  way.  It  is  not  because  we  feel  less  keenly  the  horror  of  muP' 
der,  but  because  we  are  more  scrupulous  about  taking  even  the  least 
worthy  life.  Take  the  growing  leniency  toward  infanticide.  It  ia  not 
because  there  is  a  change  of  opinion  as  to  the  duty  of  keeping  even 
superfluous  babies  alive,  but  because  we  are  more  reluctant  to  take  a 
woman's  life  in  vengeance  for  a  child's.  Again,  the  sense  that  under 
certain  circumstances  it  would  be  better  for  us  or  those  dear  to  ui  to 
die,  is  surely  far  from  being  the  true  wish  for  death*  overwhelming  the 
passionate  impulse  to  keep  up  life  to  the  last. 

^'  It  might  be  said,  too,  that  the  apology  of  Euthanasia  stands  on 
the  same  footing  as  the  apology  of  cowardice,  such  as  those  Frendi 
towns  showed  whose  people  did  not  think  it  worth  while  to  hold  out. 
Was  it,  or  was  it  not  worth  while  ?  " 


FREEZING  OF  PLANTS  AND  ANIMALS. 

By  Peof.  FB.  MOHB. 
trakblatid  from  the  german,  bt  j.  fitzgerald,  a.  m. 

Fis  a  fact,  as  yet  unaccounted  for,  that,  whereas  the  thawing-point 
of  ice  is  constant,  the  freezing-point  of  water  may,  under  certaim 
conditions,  be  brought  considerably  below  the  temperature  at  which 
ice  begins  to  melt.    In  glass  vessels,  with  free  access  of  air,  pure  water 
may  be  reduced  to  a  temperature  of  from  16°  to  17®  Fahr.  below  the^ 
thawiiig-point,  or,  in  a  vacuum,  from  18°  to  20°  Fahr.  without  free*  V- 
ing.    A  slight  concussion,  or  contact  with  any  rough  surface,  but  eap^ 
cially  with  ice  or  snow,  causes  congelation  at  once,  and  the  tempen*! 
turc  ascends  to  the  thawing-point.    This  rise  of  temperature  is  usualljT 
exi)lained  by  the  transition  from  the  liquid  to  the  solid  form ;  but  tfcilT 
is,  after  all,  no  true  explanation,  but  merely  a  putting  together  of  tiroi|  ^ 
fiacts  which  are  apparently  very  nearly  related.  *      ■ 
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H^    The  greater  tall  of  tbe  freezing-point  in  vaettOy  as  compared  with 

^plsfdlia  the  atmosphere,  would  appear  to  be  ascribablc  to  the  abseneo 
^Mf  imali  corpuscles  (spores  ?).  The  melting  of  ice,  as  also  the  freezing 
^uf  water,  is  a  purely  chemical  process,  though  commonly  called  physi- 
^Bll  Here  heat  is  converted  into  a  ebcmicul  effect;  and,  converselr,  a 
Hdiemioid  efiect  into  beat.  The  phrase,  "heat  becomes  latent,"  can  no 
HMnrwtnfy  uf,  for  latent  heat  is  no  heat  at  all.  Here  centre  some 
"liclf  Monging  to  the  organic  kingdom^  to  which  my  attention  has 

been  called  by  a  letter  received  from  Kerr  Fr,  DOnhoff,  of  Orsoy. 
I        The  humors  of  butterflypupte,  which  pass  the  winter  in  the  open 
L  fir, remain  fluid  in  the  coldest  climate.     If  we  cnt  in  two  such  pupa?, 
BiK  a  temperature  of  15**  to  13°  Fuhr.,  the  two  halves  quickly  congeal 

■  a  'V        1'  as  hard  as  stone.     Juices  of  plants  which  do  not  freeze 

■  ii  .er,  remain  fluid,  as  is  shown  by  the  flexibility  of  the  cab- 
r  big«-ieaf ;  wMle  wet  frozen  linen  may  be  broken,  but  refuses  to  benjh 
L  If  yon  crush  the  leaves  of  green  or  red  cabbage  at  a  temperature  be- 
Hbwthe  free^xing-point,  they  freeze  at  once;  and,  if  you  cut  in  pieces 
r  theribi  of  a  cabbagedeaf,  you  cannot  presH  water  out  of  the  ends,  for 
k     itihtzes  the  moment  they  are  cut  up.    Here  the  question  arises  how  it 

■  11  ibt  watery  fluids  remain  liquid  in  the  tissues  of  animals  and  plants, 
H  tbtreiw  they  at  once  freeze  when  the  tissues  are  injured,  A  constant 
Blupply  of  heat  is  not  to  be  thought  of  in  pupm  or  in  eggg,  such  as  is 

■  found  ia  animals.     Here  I  will  bring  forward  two  facts  which  throw 

■  loiDe  degree  of  light  upon  this  question. 

I  If  you  throw  upon  a  glass  plate  a  thin  layer  of  flower  of  sulphur, 
I  wdtnelt  it  by  the  application  of  heat,  you  will  find  that  the  larger 
t  pwticlcs  are  the  first  to  become  dry  and  solid  on  cooling,  and  to  a&- 
^fcWme  the  yellow  color.  The  smaller  particles,  on  the  otl^er  hand,  re- 
^■■jflaid  at  common  temperatures.  Under  the  microscope  they  are 
^HQiirent,  and  may  be  spread  out  with  the  dry  fioger;  a  fact  which 
■pwrefi  them  to  be  viscous.  Hence  it  follows  that  minute  particles  of 
■iolpbur  may  be  cooled  1 70*  below  their  meltingq^>oint  without  solidify- 
K™g»  Imt  not  so  with  larger  particles. 

■  Once,  in  preparing  phosphuretted  hydrogen,  I  Buffered  the  mixture 
■w  |ik>sphorus  and  caustic  alkali  to  cool  in  the  retort.  On  taking  the 
r^jjillftQS  apftrt  on  the  next  day,  the  phosphorus  was  found  to  be  still 
MfeRen  at  a  common  temperature,  though  its  melting  temperature  is 
^mS"  Fahr.  On  repeating  the  experiment,  it  was  found  that  the  phos* 
^knti  m.ight  be  cooled  to  38''  Fahr,  before  it  soUdified.  Thus  it  re- 
whined  fluid  77*  below  its  melting-point. 

'  Another  observation  was  made,  as  follows  :    One  night,  at  ten 
o'clock,  with  the  temperature  at  4''  Fahr,,  a  dense  fog  lay  over  the 
irlle,  through  which,  however,  the  brighter  stars  were  visible,     A 
current  of  air  was  coming  from  the  direction  of  a  neighboring 
I  some  350  feet  in  height.     The  mist  advanced  steadily  from  the 
jver  the  ralley,  but  was  constantly  renewed,  as  the  cold  blast 
VOL.  m,—l 
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came  in  contact  with  the  moist  air  over  the  stream.  The  following 
morning  all  the  trees,  especially  the  pines,  were  covered  with  a  heavy 
hoar-frost,  but  on  the  land-side  only,  not  on  the  water-side.  On  ex- 
amining the  ice-spicules,  they  were  found  to  be  perfectly  crystalline, 
with  angles  of  from  60°  to  120°,  and  the  long  needles  were  made  up 
of  minute  crystals  set  one  upon  another,  and  on  one  side  resembling  a 
flight  of  stairs.  The  particles  of  water  floating  in  the  air  were,  of 
course,  of  the  temperature  of  the  atmosphere,  and  consequently  below 
the  thawing-point.  So  soon  as  they  came  in  contact  with  the  pointa 
of  the  ice-spicules,  they  solidified,  just  as  very  cold  water  will  when  it 
is  touched  with  ice.  If  the  particles  of  mist  had  been  changed  into 
ice  while  still  floating  in  air,  they  would  have  gathered  upon  the 
spicules  of  the  pines  in  the  shape  of  irregular  pulverulent  conglomer- 
ates, but  would  hot  have  formed  cryst-als.  The  plainly  crystaUine  • 
form  of  the  ice-spicules  shows,  beyond  a  doubt,  that  the  particles  of 
mist  were  fluid  at  4°  Fahr.  From  these  facts  it  follows  that  the 
minuter  the  particles  of  a  liquid  body  are,  the  further  they  can  be 
brought  beneath  their  thawing-point  without  freezing. 

If,  now,  we  make  an  application  of  these  facts  to  the  above  phenom- 
ena of  organic  Nature,  we  find  that  the  reason  why  watery  humon  of 
pupte,  eggs,  leaves  and  shoots,  do  not  freeze,  is  because  the  cells  con- 
taining these  humors  are  very  minute :  in  other  words,  the  larger  the 
cells  tlie  more  quickly  will  plants  freeze.  It  is  well  known  that  the 
young  sprouts  of  vines,  potatoes,  and  other  plants,  very  readUy  frecm 
under  a  light  frost,  as  was  the  case  on  May  12th  of  last  year.  NoW| 
these  young  sprouts  of  vines  are  extremely  juicy,  containing  a  great 
quantity  of  water,  and  consequently  but  little  cellulose.  And,  at 
though  the  vines  of  the  preceding  year  stood  a  winter  temperature  of 
2°  Fahr.  without  freezing,  the  sprouts  of  the  eelf-same  plants  were 
frosted  at  21°  Fahr.  Freezing  expands  the  water  and  bursts  the  cellsi 
and  the  break-up  of  the  texture  stops  the  process  of  growth.  The 
buds  of  vines  are  more  watery  than  the  ligneous  vines  themselveiL 
Hence,  too,  last  winter,  on  the  night  of  December  7th,  many  bods 
were  frozen,  while  the  vines  were  unhurt.  On  a  vine  eight  feet  is 
length,  one  of  the  latest  of  the  buds  rested  on  a  wall  covered  with 
snow,  and  this  shot  forth  in  the  spring,  though  all  the  other  buds  oa 
the  vine  failed.  It  was  the  coming  of  the  frost  so  early  in  Deoember 
tliat  made  it  so  destructive,  for  the  vines  grow  ever  drier,  and  the  sip 
tends  toward  the  roots,  from  the  beginning  of  autumn.  This  proceM 
had  not  gone  so  far  in  December  as  it  would  have  gone  in  the  fint 
half  of  January,  when  usually  the  heavy  frosts  set  in.  Thoae  branchii 
whose  buds  are  destroyed  by  frost,  afterward  die  of  their  own  acoord,  \ 
because  the  sap  is  unemployed,  and  the  work  of  the  leaf  has  ceased.  > 
Several  of  the  vines  remained  green,  and  flourished  toward  the  end  cf  > 
April  on  being  pruned,  but  afterward  dried  up,  as  their  buda  weit  j< 
without  life.  j. 


FREEZrXG   OF  PLANTS  AND  ANIMALS, 


99 


H^nce  ve  might  draw  the  general  conclusion,  that  all  southern 

plmls  which  are  unable  to  endure  oar  winter  have  large  cells,  and 

tlUkt,  at  the  North,  only  snch  plants  can  he  naturalized  as  answer  to 

tbe  fvufolfemcnt  of  small  cells.     As  in  Nature  tliere  are  no  airns^  but 

\\  we  may  also  hence  conclude  that  a  low  temperature  is 

_    ^  he  development  of  small  cella.     We  have  here,  further- 

oope,  an  explanation  of  the  hairy  coats  of  animal?.     Animals  which 

live  in  the  North  have  all  a  tliick  coat,  while  those  living  in  the  south 

hare  a  tliin  one.     The  mammoth  was  covered  with  hair  12  inches  long, 

whttc  his  descendant,  the  elephant,  who  live§  only  in  southern  climates, 

i«  ilmo^t  naked.     Animals  coming  from  the  goutli,  and  acclimatized  in 

the  north,  acquire  hair,  and  vice  versa.     At  the  polea  the  fox  wears  his 

winter-coat  the  whole  year  through.     In  Sweden  his  coat  remains  for 

JP  months ;  in  Germany,  for  C  moutfjs  ;  farther  south,  3  months^ — until 

B^hiit  It  U  entirely  dropped.     No  one  wilt  here  discover  an  aim^  but 

Hjl^HUa  neeessary  consequence,  that  a  lower  temperature  produces 

Hpii^VCif  hair  in  some  way  unknown  to  us.     The  same  is  true  as  to 

Br  development  of  cells.     If,  as  a  general  rule,  a  warmer  temperature 

HfMriMe#  larger  cells,  then  the  plants  of  suuthern  regions  will  perish 

^^^HPfrost  of  northerly  latitudes.     The  leaf  of  the  potato-vine  can 

^^Vrndun^  frost ;  but  it  is  only  in  early  spring  ihnt  the  plant  can 

^BRltted  by  frost  in  temperate  climates,  and  there  is  no  frost  in  sum- 

KfT,  while  in  autumn  the  tubers  are  protected  by  the  soil     The  young 

Hkiaebea  of  the  oak  and  beech  (two  trees  belonging,  indeed,  to  our 

■Bnilt)  are  quite  as  little  able  to  endure  the  frost,  and  sufier  from  it 

Kftff  }y  daring  the  night  in  spring.    On  the  other  hand,  the  spicules  of 

Btplaeand  the  sword-shaped  leaves  of  the  yucca  stand  the  severest 

BbU  «f  oar  winters, 

■  Af  regards  the  temperature  of  those  portions  of  platits  (sprouts  of 
Bbei,  potatoes,  etc.)  which  are  killed  by  the  spring  frosts,  we  have  no 
B^hile  knowledge.  It  is  probable  that  these  parts  become,  by  radia- 
Bfel|Ooiiiiderably  colder  than  the  shining  bulb  of  the  thennometer| 
Bddial  they  do  not  share  in  the  temperature  of  the  air,  but  fall  to  a 
Wvcr  UiBpentnre  by  radiation.  In  cloudy  nights,  when  the  ther* 
^^B|irr  shows  SO*'  or  HI*  Fahr.,  nothing  freezes,  though  the  contrary 
^^fplaee  on  bright  nights.  But  here,  too,  the  smallness  of  the  cells 
^fPmn  to  lower  the  freezing-point  of  water  some  few  degrees, 
^  Yet,  ill  thus  bringing  into  very  probable  relation  two  different 
Hell,  vuL,  the  non-congelation  of  pupse  and  leaves,  and  the  fluidity  of 
■Dllea  f  alphar  and  of  mist-particles,  we  have  no  complete  explanation 
iTthtf  phenomenon.  Such  an  explanation  would  show  why  it  is  that 
II  particici  hare  a  different  freezing-point  from  large  ones  of  the 
t  lalitiatieeu  Thiit  would  require  a  very  profound  acquaintance 
\  cIm  nataro  of  the  molecular  motion  of  heat,  as  also  of  chemical 
Ity. — Omta^ 
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PEOFESSOR  TTNDALL'S  DEED  OF  TRUST. 

I  JOHN  TYNDALL,  Professor  of  Natural  PhUosophy  in  the  Royal 
)  Institution  of  Great  Britain,  liaying,  at  the  solicitation  of  my 
friends,  lectured  in  various  cities  of  the  United  States,  find  the  receipts 
and  disbursements  on  account  of  these  lectures  to  be  as  follows : 

I.   BECEIPTS. 

From  Boston,  for  six  lectures $1,500  00 

"     Philadelphia,  for  six  lectures S,000  00 

"     Baltimore,  for  three  lectures 1,000  00 

'*     Washington,  for  six  lectures 2,000  00 

"     New  York,  for  six  lectures 8,500  00 

"     Brooklyn,  for  six  lectures 0,100  00 

**     New  Hayen,  for  two  lectures 1,000  00 

Total  receipts .* 123,100  00 

n.   PISBUBSEMKNTS. 

Before  leaving  England :  wages  of  assistants  during  the  preparation  of  the  lect- 
ures ;  work  of  philosophical-instrument  maker ;  new  apparatus ;  sundry 
items  for  outfit;  travelling  eipenscs  of  myself  and  two  assistants  from 
London  to  New  York — ^make  a  total  of  £671  6«.  %d,  which,  at  the  rate  of 
$6.50  per  pound,  amounts  to S,69S  SI 

In  the  United  States :  hotel  and  travelling  expenses  for  myself  and  two  as- 
sistants ;  other  expenses  incidental  to  lectures  in  Boston,  Philadelphia,^ 
Baltimore,  Washington,  New  York,  Brooklyn,  and  New  Haven — covering 
a  period  of  four  months— />/tM  travelling  expenses  of  myself  and  my 
assistants  from  New  York  to  London— make  a  total  of 4,749  S8 

Present  to  Yale  Scientific  Club 250  09 

Salanes  to  assistants  for  four  months,  £250,  which,  at  $5.60  per  pound, 

amounts  to 1,875  OO 

Making  the  total  disbursements $10^0^6  6S 

m. 

The  total  receipts  are $28,100  W 

The  total  disbursements 10,066  W 

Making  the  net  proceeds  of  lectures $18,083  34 

As  an  evidence  of  my  good-will  toward  the  people  of  the  United 
States,  I  desire  to  devote  this  sum  of  $13,033  to  the  advancement  of 
theoretic  science,  and  the  promotion  of  original  research,  especially  ia 
the  department  of  physics,  in  the  United  States.  ^ 

To  accomplish  this  object,  I  hereby  appoint  Pro£  Joseph  Henryi 

'  At  Philadelphia  I  had  no  hotel  expenses,  but  was  most  comfortably  lodged  tl  Al  : . 
house  of  my  kmsman,  General  Hector  Tyndalc.  lie,  I  may  add,  paid  his  own  hotel  Cfr  l 
pcnscs  wherever  he  accompanied  me. 
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SeereUury  of  the  Smithsonian  Institution,  Washington  City,  D.  C,, 

0f ,  R  L,  Yiiumans  of  Xew  York,  and  General  Hector  Tyndale,  of 

PKHstlelphta,  to  act  an  a  Board  of  Trustees  to  take  charge  of  the 

^  «tim,  to  carefully  invest  it  in  permanent  fieciiritiei ;  and  I  fur- 

Itrect  that  the  said  Board  sliall,  for  the  present,  appropriate  the 

1  St  of  the  fund  in  supportiogj  or  in  assisting  to  support,  at  such 

jtean  cmiversities  as  they  may  consider  most  desirable,  two  (2) 

.1  acao  pupils  who  may  evince  decided  talents  in  physics,  and  who 

:  i    erpre*s  a  determination  to  devote  their  lives  to  this  work*     My 

^ild  be  that  each  pupil  should  spend  four  years  at  a  German 

three  of  those  years  to  be  devoted  to  the  acquisition  of 

knov  id  the  fourth  to  original  investigation. 

If,  tiowevcr,  in  the  progress  of  science  in  the  United  States,  it 
iboald  at  any  time  appear  to  the  said  Board  that  the  end  herein  pro- 
fmA  would  bo  better  subserved  by  granting  aid  to  students,  or  for 
MM  Bpeciftl  researches  in  this  country,  the  Board  is  authorized  to 
noke  appropriations  from  the  income  of  the  fund  for  such  purposes. 
\  Itinfaer  direct  that  vacancies  which  may  occur  in  said  Board  of 
,  by  death  or  otherwise,  shall  be  filled  by  the  President  of  the 
Isti^iial  Academy  of  Scienoes. 

fin  \hB  eourse  of  any  year  the  whole  amount  of  the  interest  which 
1  frxJin  the  fund  be  not  expended  in  the  manner  before  men- 
NkiQcd,  the  surplus  may  be  added  to  the  principal,  or  may  be  expended 
I  ft4dition  to  the  annual  interest  of  another  year. 
If  lEt  any  timo  any  organisation  shall  be  ei^tablished,  and  money 
[provided  by  other  persons  for  the  promotion  of  such  original  research 
I  ha?«  in  Tiew,  I  authorise  the  said  Board  of  Trustees  to  exercise 
rdiAeretioQ  m^  to  cooperating  in  such  work  from  the  income  of  this 


ill 


I  wiloess  wher€K>f  I  have  hereunto  set  ray  hand  and  seal  this  7th 
fFebnmty,  187S,  in  the  city  of  New  York. 

(Signed)         John  Tyndall  (l.  s.) 
tpfBtence  of 

(Signed)        C,  BmRiTT  Watte, 
(^gned)        L  E.  Fitller. 
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E  BrDDELL  AIRY,  the  Astronomer  Royal,  was  bom 

I7th  of  Jttue^  1801,  at  Alnwick,  in  Northumberland.     His 

wsa  fimt  cared  for  at  two  private  academies,  now  at  Here- 

r  mt  Coldieeten     From  tlie  Colchester  Gram  mar-School,  when 

Tift  <rf  Btf^  hg  went,  in  1819,  to  Trbity  College,  Cambrid 
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Three  years  afterward  he  was  elected  to  a  scholarship.  In  1823,  on 
his  graduating  B.  A.,  young  Airy  came  out  as  Senior  Wrangler.  In 
1824  he  obtained  his  Fellowship  at  Trinity.  Ilis  degree  of  M.  A.  was 
taken  in  1826,  an^  he  was  simultaneously  elected,  though  only  then 
in  his  twenty-fifth  year,  as  Lucasian  Professor  at  Cambridge.  Illas- 
trious  philosophers  like  Barrow  and  Newton  had  preceded  him  in  the 
occupation  of  that  historic  chair.  Latterly,  howerer,  the  ofiBce  had 
become,  in  a  great  measure,  purely  honorary,  and  might  almost  be  said 
to  have  degenerated  into  a  sinecure. 

Prof.  Airy,  once  elevated  to  that  position,  determined  to  ayail  him- 
self of  his  professorship  to  the  advantage  alike  of  himself  and  the 
university.  Consequent  upon  this  determination,  he  for  nearly  ten 
years  together — ^namely,  from  1827  to  1836 — delivered,  with  admirable 
effect,  a  series  of  public  lectures  on  experimental  philosophy,  by  whicb 
his  scientific  reputation  was  very  considerably  advanced.  The  series 
was  all  the  more  remarkable,  inasmuch  as  it  was  one  of  the  earliest 
means  of  effectively  illustrating  the  marvellous  phenomena  constitu^ 
ing  the  now  almost  universally  adopted  undiUatory  theory  of  light 
Two  years  after  Profl  Airy's  induction  into  the  chair  established  bj 
Lucas,  the  estimation  in  which  he  was  held  at  the  university  was  still 
further  signalized  by  his  election  to  the  Plnmian  Professorship.  Nom- 
inated to  that  post  of  authority  and  honor,  he  at  once  obtained,  bj 
right  of  his  position,  the  supreme  command  of  the  Cambridge  Ob- 
servatory. 

Already,  even  then,  he  began  those  remarkable  improvements  m 
the  method  of  calculating  and  publishing  the  observations  which  event- 
ually became  the  law  at  Greenwich  and  at  all  the  other  great  obserrt' 
torics.  As  indicative  of  the  energy  and  daring  of  his  innovations  at 
Cambridge,  he  superintended  the  construction  and  mounting,  one 
after  another,  of  a  series  of  renowned  astronomical  instruments.  In 
that  observatory,  he  brought  into  use  a  noble  specimen  of  the 
equatorial,  being  that  peculiar  description  of  telescope  which  has 
its  fixed  axis  so  directed  to  the  pole  of  the  heavens  that  the  tube  may 
be  readily  made  to  follow  any  star  by  a  single  motion.  There,  more- 
over, he  brought  into  effective  employment  a  mural  circle  of  admiraUe 
construction,  bearing  a  telescope  which  revolves  in  the  plane  of  the 
meridian,  the  whole  being  rigidly  bound  into  some  immovable  stract* 
ure  of  ponderous  masonry.  Prof.  Airy,  in  his  thirty-fourth  year,  be- 
came Astronomer  Royal.  Thirty-eight  years  have  since  elapsed. 
Under  his  directions,  it  is  hardly  too  much  to  say  that  the  organixatioo 
of  the  establiRhmcnt  at  Greenwich  has  been  completely  transformed. 
He  has  given  great  regularity  to  its  minute  and  multiform  proceedings. 
He  has  contrived  to  establish  newer  and  sounder  methods  of  calcols- 
tion  and  publication.  He  has  introduced,  constructed,  mounted,  and 
employed,  a  series  of  novel  instruments  for  the  advancement  of  is* 
tronomic  research.    Perhaps  the  finest  transit-circle  at  present  any* 
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^^■e  to  be  fotmd  k  the  one  he  there  eonsCmcted  in  1860,  the  circles 
^^K  no  l^M  than  six  feet  in  diameter,  antl  the  telescope  alBxeil  be- 
^^■b  the  two  graduated  disks  being  twelve  feet  long,  and  having  an 
phject-glass  of  as  manr  as  eight  inches  in  aperture.  Through  this 
llpleDdid  apparatus  the  altitude  of  the  stars,  as  well  as  the  time  of 
beridian  passage,  is  nownnernngly  marked  at  the  great  national  ob- 
pprvatofT.  Hut  the  greatest  of  all  the  inatrnments  established  by  him 
Bl  Greenwich  is  a  large,  first-class  equatoriura,  .wf?ll  known  amon*^*' 
■Atronomers. 

■     Daring  Sir  George  Airy^s  ride  at  the  observatory  he  has,  in  the 

kiidAl  of  hia  other  labors,  reduced  the  Greenwich  observations  of  the 

■pm  and  of  the  planets  from  1750  down  to  the  present  time*     Inci- 

Vislaily  be  has  thrown  considerable  liglit  on  ancient  chronology  by 

]bi  mgenions  calculation  of  some  of  the  most  renowned  of  historical 

^^■po.     Thrice  the  Astronomer  Royal  has  taken  occasion  to  visit  the 

HSBpeftQ  Continent  for  the  purpose  of  making  more  accurate  observa- 

Wam  upon  the  solar  eclipse  then  eagerly  anticipated.     In  1854  he  ap- 

ffOYimated  more  nearly  than  any  previous  investigation  had  done  to 

tliairdgbl  of  the  earth,  through  a  series  of  experiments  on  the  relative 

Tibratiou  of  a  pendulum  at  the  top  and  bottom  of  Ilarton  Coal-pit, 

Sir  George  Airy  has  been  repeatedly  called  into  council  on  mattei*s 
<if  griire  difficulty  by  the  government.  lie  w^as  chairman  of  the  royal 
Ktniniiflioii  empowered  to  supervise  the  delicate  process  of  contriving 
^standsrdB  of  length  and  of  weight,  the  old  standards  having  been 
in  1634  in  the  confiagration  of  the  Ilouses  of  Parliament, 
ilted  some  years  afterward  by  the  government  in  respect 
It.  lering  disturbance  of  the  magnetic  compass  in  iron-built 

|lUp»H)f-wan  Thereupon  he  contrived  an  ingenious  system  of  mechan- 
eoostmciion,  through  a  comliination  of  magnets  and  iron.  The 
ras  vnecesftfut,  and  the  system  generally  adopted.  He  conducted 
\  iMrofiomical  observations  necessary  to  the  drawing  of  the  boun- 
be  now  traceable  on  the  map  of  the  New  World  between  the 
ittod  the  United  States,  During  the  battle  of  the  gauges  in 
Away  world  Sir  George  Airy  strenuously  advocated  the  narrow 
^aad  ho  just  as  energetically  advocates  the  adoption  of  a  decimal 
cy.  The  writings  of  the  Astronomer  Royal  are  numerous.  He 
(•OBliibnted  largely  to  the  Cambridge  Transactions  and  the  Philo- 
il  Tninsactiuns,  His  pen  lias  notably  ill  us  t  rated  the  memoirs 
•f  the  Afttrunomloul  Society.  He  has  written  abundantly  for  the 
Aih^aphicai  Mogwdne^  and  still  more  abundantly,  under  his  reversed 
A*  B,  <^M  in  the  columns  of  the  Al/tenwum,  His  principal 
tJiose  which  may  be  here  rapidly  ennmerated : 
rK*d  in  1 837,  was  written  originally  for  the  *' Penny 
**  Mathematical  Tracts"  have  reached  a  fourth  edition, 
f»m]#o  bts  "  Ipswich  Lectures  on  Astronomy,"  In  1301  appeared 
tre»tiiB  4W  *^  Errors  of  Observation ;  ^^  in   1 8G9   his  treatise  on 
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"  Sound ; "  and  in  1 8lr 0  his  treatise  on  "  Magnetism.'*  Sir  George  Airy*B 
well-known  work  on  "  Trigonometry  "  was  published  in  1855.  Another 
work  of  his,  entitled  "  Figure  of  the  Earth,"  has  yet  to  be  named,  as 
well  as  the  luminous  paper  on  '*  Tides  and  Waves,"  contributed  by 
him,  first  of  all,  to  the  "  Encyclopsedia  Metropolitana."  Even  while 
simply  Professor  of  Astronomy  at  Cambridge  his  "  Astronomical  Ob- 
servations," issuing  from  the  press  between  1829  and  1838,  extended 
to  nine  quarto  voluQies,  and  were  adopted  at  once  as  models  for  that 
class  of  publication. 

Sir  George  Airy  Las  received  the  Lalande  Gold  Medal  of  the  French 
Institute  in  honor  of  his  important  discoveries  in  astronomy.  For  liis 
successful  optical  theories  he  has  had  awarded  to  him  the  Copley  Gold 
Medal  of  the  Royal  Society.  The  Royal  Gold  Medal  of  the  same  so- 
ciety has  been  given  to  him  in  recompense  for  his  tidal  investigations. 
Twice  the  Gold  Medal  pf  the  Royal  Astronomical  Society  has  been 
his— first,  for  his  discovery  of  an  inequality  of  long  period  in  the 
movements  of  Venus  and  the  earth  ;  secondly,  in  return  for  his  reduc- 
tion of  the  planetary  observations.  He  has  been  enrolled  among  the 
most  honored  members  of  the  Royal  Astronomical  Society,  of  the 
Cambridge  Philosophical  Society,  and  of  the  Institute  of  Civil  Engi- 
neers. For  many  years  past  he  has  been  among  the  foreign  corre- 
spondents of  the  Institute  of  France,  as  well  as  of  several  other  scien- 
tific academies  on  the  Continent.  He  has  received  honorary  degrees 
of  D.  C.  L.  and  LL.  D.  from  each  of  the  three  great  universities— Ox- 
ford, Cambridge,  and  Edinburgh.  On  May  17,  1872,  Sir  George  was 
gazetted  a  Knight  of  the  Bath.  Uis  claim  upon  the  remembrance  of 
posterity,  however,  will  be  that  of  having  occupied  with  distinguished 
ability  the  post  of  Astronomer  Royal  of  Great  Britain  during  consid- 
erably more  than  the  lifetime  of  a  whole  generation. 

The  Illustrated  Hevieio,  a  London  biographical  and  literary  pe- 
riodical, to  which  we  are  indebted  for  the  preceding  statements,  re- 
marks that,  since  the  death  of  Sir  John  Ilerschel,  on  the  11th  of  May, 
1871,  Sir  George  Airy,  the  Astronomer  Royal,  is  the  admitted  master 
of  the  sublime  science.  There  are  other  eminent  English  astronomers 
— as  John  Hinde,  the  discoverer  of  many  asteroids,  and  John  Adams, 
also  a  Cambridge  Senior  Wrangler  and  the  rival  of  Urban  Leverrier, 
who  groped  his  way  by  mathematical  calculation  to  the  discovery  of 
tlie  position  of  the  hitherto  unknown  planet  Neptune.  If  incidents  as 
brilliant  and  remarkable  as  these  are  wanting  in  the  history  of  Sir 
George  Airy,  his  claims  to  respect  are  equally  valuable,  solid,  and  en- 
during. 


CORBESP  ON^DBN^CE, 


1Q5 


CORRESPONDENCE. 


I  iPilEKE  AST)   LIMITS   OF  SCIENCE, 

i  8  ftni  hAf e  6tmit  mj  brief  After^inner 
-^  fp<r«cb  (ft  kind  of  performance  thut 
ttfltttlf  pcrUhca  with  the  occMion)  the 
Jimor  of  an  eUborEte  criticifim^  which  I 
titak  t  little  oDe>«ided  and  unfkir,  I  tsk 
llie  prirtlege  to  reply, 

Ywi  wj  that  I  lued  the  occAslott  of  tho 
TjodiQ  b«Dqiiel  **  to  gire  ■  lesaon  to  the 
v^eDKfiege&tlemen  present  m  to  the  proper 
linlt  of  their  tnqaincfl."  But  that  is  hard- 
ly » Joit  repfesentAtioQ.  Neither  in  matr^r 
nor  uimer  did  I  prvtend  *'  to  instruct "  an j- 
Mr;  butt  aMUtDtng  that  the  Press,  on 
vKUb  I  WM.%  Inrited  to  speak,  was  a  kind 
of  ttittmi  reporter,  I  Aimplj  asked  a  few 
ipMtloni  cf  an  audience  m  competent  to 
fiff  the  answer,  as  to  the  validity  ^f  cer- 
Uia  f{»ettilatlrc  opinions  confidently  put 
Ml  b  the  name  of  science.  That  tlie 
m^of  dolog  lOWAi  neither  prc^tumptuoua 
Mr  offeoaive,  I  infer  from  the  cordial  ap- 
prond  pwtm  to  my  remarks  by  eminent  sci- 
■tik  gentleineii,   both  at  the   time  and 

ibCA 

TdfQ  deem  to  reacut  the  speech  aa  an  im- 

JkertiMfiiee  In  aaying  that  "  it  has  ever  been 

a  ftroflte  occupation  of  outaidcra   to  in* 

Mmet  llie  inre^tigators  of  Nature  where 

tkfj  must  stop/*  etc.    But  does  Science  eet 

■p  «qr  pretension  to  the  character  of  an 

OiEllHm  drarch  t    It  U  tnie  I  am  an  out- 

;  L  t,  I  have  made  no  discoveries  in 

b:  I  hare  cuItiTated  no  special  hranch 

*'  it  as  a  pursuit ;  all  that  I  know  of  it  I 

f  toaroed  from  others,  by  diligent  though 

vhat  desultory  reading,  for  thirty  years 

i\  hat  may  I  not,  therefore,  have  an 

of  what  I  am  taught?     Is  it  t^ 

'  to  endeavor  to  distinguish  what  ta 

from  what  Is  not,  parti eular- 

'  9X  a  tlm^  when  there  is  so  much  put 

i  It  fikelj  to  oonfuae  the  careless 

I? 

Be  that  as  It  may,  what  I  complain  of  Is, 
you  class  me  among  the  bigots,  who 
Cfierj  m^  bftTe  protested    against   the 


progress  of  knowlcd^:?*?,,  ttlleging  that  I  pro- 
BcntiHl  myself  as  "the  ehttiupioii  of  imper- 
tlled  fiiilh,'*  whereas  my  protest  was  merely 
in  bcbsif  of  true  scicoee  against  false.  And, 
in  order  to  make  out  your  case,  you  sup- 
press all  reference  to  the  first  part  of  my 
speech,  iQ  which  I  uttered^  aa  fully  as  the 
occaBion  allowed,  the  highest  estimations  of 
Science  and  my  almost  unbounded  hopes  of 
it*  Allure.  Permit  mo  to  revive  what  I  said : 
After  hailing  Science  as  the  *'  King  of  the 
Epoch,'*  to  which  all  other  forms  of  Intel- 
lectual activity  were  doing  homage,  and  as 
the  ^*  mighty  Magician,"  that  by  its  brill- 
iant and  fertile  researches  surpassed  what- 
ever the  imagination  had  depicted  in  fuble, 
I  eon  tinned ;  **  Science  is  to  me  not  only  a 
proof  of  man's  intellectual  superiority,  and 
the  seal  of  hts  emancipation  trom  the  tyr- 
anny  of  ignorance,  but  the  pledge  of  an 
nil  imaginable  progress  in  the  future.  By 
th«  beautiful  unlfornjities  of  \a.\\\  which  it 
die^coTcrs  in  Nature^  it  discharges  tlie  hnman 
mind  of  those  early  superstitions  which  saw 
a  despot  god  in  every  bii.«ih,  whose  wanton 
will  paralyzed  the  free  Oight  of  otir  intel- 
lect, and  debauched  our  bet^t  afTections. 
Neither  the  tempests  nor  frowns  of  Nature 
are  terrible  to  us,  now  that  we  may  bend 
her  most  hostile  forces  into  willing  obe- 
dience, and  find  her  full^  not  of  malice,  but 
of  good- will.  For,  out  of  that  benignity, 
and  our  supremacy  over  it,  will  yet  come  a 
power  that  will  enable  us  to  transform  these 
poverty-smitten,  sordid^  unjust,  and  crimi- 
nal civilizations,  into  happy  and  harmonious 
societies,  when  every  man  shall  be  glad  in 
the  gladness  of  his  fellows,  and,  for  the  first 
time,  feel  the  assurance  of  a  universal  Di- 
vine paternity.  Science,  moreover,  in  wrest- 
inp  from  Creation  her  final  secrets,  will  fur- 
nish to  the  philoBOphic  mind  the  means  of 
a  more  effalgent  and  glorious  solution  of  the 
dark  problems  of  life  and  destiny  thnn  It  is 
possible  to  reach  liy  unaided  conjecture. 
She  wilt  prove  wliat  the  ppiritnal  insight  of 
the  aeerti  hofl  only  dimly  discerned,  that  Na- 
ture, which  now  seems  io  Inscrutable  to  us, 
so  hard  and  unfeeling  toward  human  hopee 
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and  desires,  is  the  most  kindly  and  gener- 
ous of  helpmates,  and  not  a  tyrannic  lonl ; 
that  these  outward  appearances  are  but  the 
shows  of  an  inward  reality  which  is  entirely 
human;  that  these  phenomenal  forms  and 
events  are  but  the  symbols  of  an  eternal 
Love  and  Truth,  which  the  great  spiritual 
Sun  of  the  Universe  projects  and  photo- 
graphs upon  the  sensitive  plates  of  our 
finite  human  intelligence." 

Thus,  while  I  ascribed  to  science  a  po- 
tent and  beneficent  efficacy,  first,  in  dis- 
charging the  mind  of  its  fears  of  Nature 
and  of  other  superstitions ;  second,  in  per- 
fecting civilization ;  and,  lastly,  hi  promis- 
ing the  surest  groundwork  for  speculative 
generalizations,  both  naturalistic  and  theo- 
logical, you  represent  me  as  deprecating  its 
influences,  and  as  even  questioning  its  util- 
ity. That  was  scarcely  fair.  How,  indeed, 
could  I  do  so  ?  Holding  profoundly  to  the 
conviction  (how  derived  is  not  here  the 
question)  that  there  is  but  one  real  Life  in 
the  Universe,  whose  infinite  Love  is  the 
ground  of  all  Force,  and  whoso  infinite 
truth  is  the  ground  of  all  Law,  and  that  phe- 
nomenal Nature  is  but  the  varied  manifes- 
tation of  that  life  to  and  through  the  human 
mind,  it  would  be  intellectual  suicide  in 
me  to  attempt  imposing  fetters  upon  any  le- 
gitimate search  of  Nature^s  methods.  Every 
step  we  make  in  unfolding  her  secrets  is  a 
new  revelation  of  an  adorable  goodness  and 
wisdom,  and  a  new  help  toward  a  nobler 
future. 

But  then  I  said — and  it  was  the  whole 
purport  of  my  speech,  made  in  the  Inter- 
ests of  science  as  well  as  religion — that  we 
can  only  expect  these  results  from  true 
science,  which  investigates  what  Nature 
really  t«,  and  not  from  a  hasty  and  pre- 
sumptuous science,  which  pretends  to  give 
us  what  Nature  may  be  supposed  to  be.  And 
my  criterion  of  true  science,  suggested  in  a 
phrase,  was,  that  the  methods  and  results 
of  it  bear  the  impress  of  exactitude  or  cer- 
tainty. You  remark,  as  if  you  did  not  re- 
ceive these  simple  and  fundamental  prin- 
ciples, that  the  "  exact  sciences ''  are  exact, 
while  others  are  not.  There,  I  think,  we 
differ  or  misunderstand  each  other.  I  am 
aware  that  none  of  the  sciences  are  exact 
in  the  mathematical  sense  of  the  word,  save 
the  ideal  or  abstract  sciences;  but  it  is 


none  the  less  true  that  the  real  or  con- 
crete sciences  are  exact,  in  the  usual  sense 
of  the  word,  both  in  their  methods  and 
products.  If  they  are  not  exact,  where  does 
the  mexactness  come  in  ?  In  the  observation 
of  facts  ?  Then  the  induction  is  TitSated. 
In  the  induction  itself?  Then  the  Uw  arrived 
at  is  unperfect  In  the  deductive  yerifica- 
tion  or  proof?  Then  we  have  no  reason  for 
trusting  our  process.  Bblogy,  psychology, 
and  sociology,  you  say,  are  sdences  and 
certam  sciences  ;.to  which  my  reply  is,  that, 
to  the  extent  in  which  they  are  not  precise, 
they  are  not  sciences.  Indeed,  saving  In  a 
popular  and  convenient  sense,  I  should  be 
disposed  to  doubt  whether  they  are  yet  to 
be  ranked  as  more  than  inchoate  sciences. 
They  belong  to  the  domain  of  science,  have 
gathered  some  of  the  richest  materials  for 
science,  and  have  attahied  to  some  extent  a 
scientific  value;  but  there  is  yet  so  much 
imcertainty  hanging  over  broad  regions 
in  each  that  we  must  await  the  future  lor 
the  resolution  of  many  unresolved  qnes- 
tions,  which  may  give  a  new  aspect  to  the 
whole.  Biology  Is  the  most  advanced,  but 
rather  in  its  natural  history  and  clasdfica- 
tion,  than  in  its  knowledge  of  the  profbond- 
er  laws  of  life,  that  are  yet  to  be  foond. 
Psychology  is  so  little  of  a  science,  that  the 
teachers  of  it  hardly  agree  on  the  fimda- 
mental  points ;  or,  if  it  be  a  science,  whoso 
exposition  of  it  are  we  to  accept,  Sir  WiUiaoi 
Hamilton's  or  Mr.  Mill's,  Herbert  Spencer's 
or  Dr.  Porter's,  who  all  profess  to  be  ex- 
perimental and  inductive,  and  all  disagree? 
As  to  Sociology,  the  name  for  which  was  hi- 
vented  only  a  few  years  since  by  Comte,  it 
is  still  in  a  chaotic  condition ;  and,  unless 
Mr.  Spencer,  whose  few  introductory  chap- 
ters are  alone  made  public,  succeeds  in  ghr- 
ing  it  consistency  and  form,  it  can  hardly 
be  called  more  than  a  hope.  But,  be  the 
truth  what  it  may,  in  respect  to  these  par- 
ticular branches  of  knowledge,  I  still  insiit 
that  certainty  Is  the  criterion  of  true  sci- 
ence, and  that,  if  we  give  that  criterion  up^ 
science  loses  its  authority,  its  prestige,  iti 
assurance  of  march,  and  its  sovereign  poii 
tion  as  an  arbiter  in  the  varying  stragglci 
of  doctrine. 

Well,  then  the  examples  I  gave,  without 
mentioning  names,  of  what  I  considered 
false  science,  were,  first,  the  gross  material- 
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<iC  Eochofirt  who  flerivcs  all  tke  pbe- 

I  of  life  from  simple  combinations  of 

And  furce;  Mcond^  the  atUeUm  of 

vhose    ccientific    pretentions    Mr. 

Hailvf  rididilifla,  md  whose   resuUs    Mr, 

Spencer  in^pagiu ;  third,  the  identification 

nf  ta\jiiA  &tid  motioQ  hy  Hr.  Tain^,  which 

Tj&dall,  in  ODA  of  Ms  most  eloquent  p«a- 

iif«^  SEfs  ezpluBfl  nothing,  and  is,  more* 

o^m^momij  **  unihinkable  ;  **  aad,  fourthly. 

He  fijpcacff's  evolutJomam,  which,  m  spite 

of  ike  iBftnr«Iloas  Logoiuity  and  in  format  iou 

viA  vtiidi  it  b  WToo^bt  out,  aeoms  to  mo, 

dkr  tt9  litlk>  stud  J,  as  it  does  to  others 

>lc  lluui  I  am  of  forming  a  Jndg- 

grester  study,  to  be  full  of  ud- 

■Hpymkid  ajoumptioofl,  logidil  iooonsisten- 

clin^  And  explaaaUoiis  Ihat  expkin  nothing, 

vllikai  ItJ  gc&erml  diaracicr  U  tends  to  the 

itaggrt  ttatntsUsm.    Now,  was  I  right  or 

"wsm^  ift  ngarding  these  systems  as  specu- 

Uvencftly,  and  not  scientific  ?    Am  I  to 

Irf^  fton  four  i»bjcctions  to  my  remarks, 

Aat  Iki  ForuLAJi  Sciexcc  Mo>'tdlt  holds 

■s&oia&Gia,  atheismf  and  naturalism  to  be 

<kfl  legidmaie  outeomo  of  science!    Eke 

^  an  I  arraigned  for  designating  them 

if  t6vi}Hby  of  tcience,  and  as  having  no 

}i|l^tAd  cUtitia  to  the  naine^  utider  which 

<bftd«{tU>nd>le  oondusioiia  are  commended 

la  the  public  ! 

I  otiject  in  these  alius  ions  was  to  indi- 
spital  distinctions,  which  it  is  al- 
to keep  in  view  when  esti- 
l  tlie  fckniific  ralidlty  of  a  doctrine. 
tU  ftsil  ts,  that  many  questions  determin- 
iMtbf  fdfvot  arc  not  yet  determined  by 
llicy  are  bo  determined,  are 
I  only  as  conjectural  opinions, 
\  pertinent  or  impertinent.     Of 
i  I  hold  the  Nebular,  the  Darwinian, 
^«J  Hft  fl^pcaetrlan  viaws  to  be,  i,  e.,  h jpoth- 
mitlLln  the  domaiu  of  ecien- 
lad  oapAblo,  to  a  certain  ex- 
*  Ihft  phenomena  to  which 
t^fdmi  hi|^''  and  probable 

f^m  ai  tbf  linit  Mjt  disputed  by 

pail  tathnritr,  asd  twt  «t  ail  no  verified  as 
!•  Ik  adiyMibl*  iiica  the  rank  of  accredit- 
•I  wdimttt^  T^ey  are  avppoaltians  to  which 
IW  mimi  wtmnttB  %o  btlp  it  in  the  reduction 
if  colaiA  weffmtmactm  of  Nature  to  a  gen- 
ml  kw ;  ■»!«  M  siiaii,  thay  may  be  simple, 
L  Utftutifol ;  but  thus  far 


they  are  no  more  than  euppoaitions  not 
proved,  and  therefore  not  entitled  to  the 
authority  of  scientific  truth.  You  are  prob- 
ably too  familiar  with  the  hiatory  of  scien- 
tific eflbrt — which,  like  the  history  of  many 
other  kinda  of  intellcctuul  effort^  is  a  history 
of  bumau  error — ^not  to  know  that,  while 
hypothesis  is  an  indispensable  part  of  good 
method,  it  is  also  ibe  part  most  liable 
to  error.  The  records  of  astronomlcul,  of 
geological^  of  physical,  of  chemitiil,  and  of 
biological  reaearch,  are  strewn  with  the  di- 
brU  of  abandoned  i^ystcms,  all  of  which  once 
had  their  vogue,  but  none  of  which  now  sur* 
vive  and  many  of  which  are  hardly  remem* 
bered.  Becall  for  a  moment  the  Ttolemdo 
cycles  and  epicycles ;  recuU  Kepler's  niue- 
teen  diflTerent  hypotheses,  iDretitcd  and  dis- 
carded, before  he  found  the  true  orbital  mo- 
tion of  Mara ;  recall  m  geology  Werner  and 
Quiton,  and  the  Plutonians  and  the  Xeptuni* 
ans,  superseded  by  the  unifomiitarians  and 
the  catastrophists,  and  now  giving  place 
to  the  evcilutionlsts ;  recall  in  physics  the 
many  imponderable  fluids,  including  La- 
mark*s  resonant  fluid,  that  were  held  to  be 
as  real  as  the  rocks  only  a  few  years  ago ; 
recall  in  chemistry,  not  to  mention  the  al- 
chemhita  and  phIogi:ition,  a  dozen  difiereitt 
modes  of  aecouiitiug  for  molecular  action  ; 
recall  in  biology  the  animi,^ts  and  the  vital- 
iats,  the  devotees  of  plnstiu  forcei*,  of  archoi, 
of  organiiting  ideas,  and  of  vLnitral  monads, 
all  of  them  now  deemed  purely  gratuitous 
assumptions  that  cjf plained  noihing,  though 
put  forth  as  science. 

Even  in  regard  to  the  question,  so 
much  discu:ised  at  present,  of  the  gradual 
progression  and  hannony  of  binng,  the  old 
monadology  of  Leibnitz,  which  endowed 
tiie  ultima  to  unlt^  with  vary  in  g  doses  of 
passion,  consciousness,  and  spontaneity,  and 
which  built  up  the  more  complex  Btructures 
and  fund  ions  of  organisms,  from  the  ootnbi- 
nation  of  theiie — this  theory,  I  say,  some- 
what modified  and  stripped  of  its  mere 
metaphyiiieal  phases,  could  be  made  quite 
as  rational  and  satisfactory  as  the  more 
modern  doctrines  of  development  Indeed, 
Bome  eminent  French  />/«Vo«>/iA*— Renou- 
vier,  a  first-ola^s  thinker,  among  the  rest — 
have  gone  back  to  thi.4  notion ;  Darwin's 
suggestion  of  pangenesif^,  nnd  Mr.  Spencer^s 
physiological  units,  look  toward  It ;    and 
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\Xs^  adherentR  miiintain  tliat,  beset  with  di£B- 
culltea  aj!  it  w,  thouph  not  more  so  than 
others,  it  has  jtt  this  merit,  that  il  Icare*  a 
trar  opL*n  to  speculative  thotight,  alikfi  re- 
mored  from  the*  TagaHcs  of  mere  ontologi- 
caI  abatmctioD  and  the  entire  suhjectiim 
of  mitid  to  a  muddy  and  hrute  extract  ion. 
They  might  add,  al«o,  that  this  theory 
shows  that^  in  tbo  interpretation  of  the  se- 
rial profress  ofbein^if  wo  are  not  altogether 
shut  up  to  a  choice  between  speeifie  and 
Etpasraiidjc  creations  and  his  own  theory  of 
tviulution^  as  Mr.  Speocer  triumph  ant  ly  as- 
sumcfl  thraughoitt  his  arguDoent,  lodeedf 
nothing  IB  more  easy  than  to  make  theories; 
but  the  difficulty  iK  to  get  them  adopted  in- 
to Nature  as  the  satisfactory  reason  of  ber 
prooesses.  But,  until  they  arc  so  adopted, 
they  are  no  more  than  the  sc^iffolding  of  sci- 
ence—by  no  means  the  comploted  structure 
Now,  have  the  Darwiniao  and  the  Ppencerian 
hypolheses  beea  so  adopted  ?  Gun  we  eay 
that  any  qttestionn  on  which  such  cautious 
obiiortrers  and  life-long  students  as  Darwin, 
Owen,  Huxley,  Wallace,  and  Agasstz,  still 
debate,  are  settled  quoBtions  ?  Prof.  Tyn- 
dall,  for  example,  says:  *'Darwio  draws 
heavily  upon  the  eciendfic  tolerance  of  the 
age  ; "  and  again,  that  "  tliose  who  hold  the 
doctrine  of  cFolution  are  by  no  means  ig- 
norant of  ihe  uncertainty  of  their  dota,  and 
they  yield  no  more  to  it  than  a  provisional 
assent"  With  what  propriety,  then,  can  a 
racrely  provisional  coocluaion  be  erected  into 
an  asanred  stand-point  whence  to  assail  tra* 
ditionar^  beliefs  a^  if  they  were  old  wires* 
fables  y 

More  than  thatj  a  theory  nwiy  be  far 
more  advanced  than  any  of  those  ;  may  be 
able  to  account  ttatiefactorily  for  all  the  phe- 
nomena within  its  reach,  as  the  Ptoleinaic 
theory  of  Ihe  sidereal  appenrancea  did,  cren 
to  the  prediction  of  celipscB,  or  as  the  ema* 
nation  theory  of  light  did,  op  to  the  lime 
of  Dr,  Young,  and  yet  turn  out  altogether 
baselesA,  Nature  \r  a  prodigious  quantity 
and  a  prodiidoua  force ;  with  all  her  out* 
ward  uniformities  she  is  oftc^n  moi^  cunning 
than  the  Sphinx  ;  and,  like  Emerson's  Brah- 
ma, she  may  declare  to  her  ntudents — 
'*  They  know  Bot  wpU  the  iiabtio  wayi 
I  keep.  Knd  puA  and  turn  i^lii.** 

We  have  looked  into  her  face  a  little, 
meaflured  some  of  her  (dtipses  and  angles, 


weighed  her  gases  and  du^u,  and  UDTeiled 
certain  forces,  tar  and  near — all  which  ars 
glorious  things  to  have  done,  and  some  of 
them  ficemtngly  miraculous ;  but  we  are  ftHl 
oiUy  in  her  outer  courts.  Humboldt's  ^  Cos- 
mos/* written  thirty  years  ago,  t6  said  to 
be  already  an  antiquated  book  ;  and  Comte, 
who  died  but  lately,  and  whotn  these  eyes 
of  mine  have  seen,  could  hardly  pas^  a  col- 
lege examination  in  the  sciences  be  was  imp. 
posed  to  have  clas^^ified  forever.  Let  t|s 
not  be  too  confident,  then,  that  our  little 
systems  of  natural  law  will  not,  like  other 
systems  of  thought  spoken  of  by  Tennyson, 
"  have  their  day." 

The  other  distinction  I  had  in  mind,  fo 
my  speech,  was  that,  while  there  are  same 
problems  acc€f«Bible  to  scientific  methods, 
there  are  others  that  are  not ;  and,  that  any 
proffered  scientilio  solution  of  tlie  latter, 
cither  negaiive  or  affirmative,  \b  moet 
likely  an  imposition.  Whot  I  meant  wm 
that  science,  according  to  its  own  confes- 
sion, that  I;*,  according  to  the  teacbinp  of 
it*  moet  accredited  orgims,  pretends  to  no 
other  function  than  to  the  agcertainroent  of 
the  actual  phenomena  of  Nature  and  thdr 
constant  relations.  The  sphere  of  the  finite 
and  the  relative,  \.  e.,  of  existence,  not  of 
essence,  and  of  existence  in  its  mutual  iiul 
manifested  dependencies  in  time  and  space, 
not  in  its  absolute  grounds,  circrnnscnbcs 
and  exhausts  ita  jurisdiction.  Was  I  wroiig- 
ly  taught,  Mr.  Editor  f  Docs  science  aj«ect 
for  itself  liighcr  ond  broader  pretensions f 
Does  it  propose  to  penetrate  the  supemato- 
ral  or  metaphysical  realms,  if  there  be  any 
such  *  Does  it  intend  to  apply  its  instrti* 
ments  to  the  measurement  of  the  infinite, 
and  its  crucibles  to  Uie  decomposition  of 
the  absolute  ? 

You,  as  a  man  of  excellent  sense,  wtB 
promptly  answer,  No !  But,  then,  I  ask»  ti 
thought,  whose  expntialions  are  so  restless 
and  irrepre?eible^  to  be  forever  shot  op  Id 
the  phenomenal  and  relative  ?  Is  it  io  be 
forever  stilled  under  a  bush  el -measure,  «r 
tied  by  the  legs  with  a  surveyor's  cluiiiif 
May  it  not  mako  excursions  into  the  fidd 
of  the  Probable,  and  solace  itself  with  mof*l 
assurances  when  physical  certainties  fail! 
May  it  not,  mounting  the  winged  horse  of 
analogy »  when  the  good  old  drudge-b<nte 
induction  gives  out,  fly  through  tracts  of 
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bsot  fet  laid  donn  on  the 
-  Mif  cot  iomo  men  bare  InsigUta 
hio  tbp  MX^rklng  of  lavra  jrct  unexplored^ 
neb  M  Henri  h^d  into  tbe  laws  of  music;, 
into  the  kws  of  the  hu- 
\  ?  Aiiuredly  you  cannot  »aj  nar, 
ift  Cbf  aame  of  eclence,  which,  as  we  agree^ 
bilig^Qiifia^  to^the  pheoouienal  and  rela- 
tife,  ham  mi  right  to  pronounce  cither  one 
way  or  tfa#  oUior,  •«  to  what^  by  eupposi* 
tioo,  lioi  iMfond  Iho  pbcDomenal  and  rela* 
iitt.  fial  mppoMd  b^ood  may  bo  wholly 
fMrne^fBt^ ;  bat  it  is  not  from  science  thi&t 
«e  aball  leam  die  fact^  if  it  be  a  fact,  la 
r  wonl^^  I  contend — &ad  here  I  hit  upon 
fallacy  of  manr  Kn-dUaHi  scieQ- 
I  iv-ience  haa  no  right  to  erect  trhat 
^^km  oMiMija  into  a  titration  of  everything 
w^uk  a  dtm  moi  €imimn.  Still  leaa  has  it  a 
il|la  10  decide  <|iieatJons  out  of  ita  confeflsed 
|N«iace,  becaiia^  it  cannot  reach  them  by 
In  pecdBsv  BDellioda,  or  subject  them  to  its 
f«Giiliar  testa  ? 

f oftvaatdy  for  me,  though  you  take  me 
«p«dallf  to  taak  for  it«  I  am  Bu^tained  in 
tlii  potitioii  hfj  pome  of  the  most  eminent 
att  af  leieoee  «f  the  daj,  and  I  may  say, 
hf  ffiBt  nttmberv  of  them,  as  I  have  reaaon 
l»  kmm.  Yon  younelf  published,  only  a 
taU  vkSle  ainee*  Dr.  Carpenter's  address, 
m  f^siidtsit,  to  the  Britkh  AsAOciaiioo  for 
bf  Adfiae«rae&t  of  Science,  in  which,  after 
•pwiwdhg  rcry  cSeaHj  man's  rightful  fune- 
iea  *^lbc  interpreter  of  Kature,''  he  said  t 
I  ^IhtitlaDce  of  modem  times,  howcTer,  has 
I  a  more  special  direetion.  Fixing  its 
nMtiea  nd uiiToly  on  the  order  of  Nature, 
iitaa  itparmtisd  itself  wholly  from  theology, 
ilkms  fttactioo  it  is  to  seek  a(\er  its  canae. 
,  IIM,  wbos  aoioQC^  passing  beyond  tta 
tmiii,  mmnn^m  to  take  the  place  of  thcv 
iJHyipJ  s«Ca  up  Ua  own  conception  of  the 
r  «f  lfai«ro  as  a  suiEcient  account  of 
NM,  if  is  iniradbg  a  province  of 
^  Id  wiiich  it  baa  no  claim^  and  not 
if  proTOkea  the  hostility  of  those 
«^a«l^  to  b«  tU  bMt  friemlM.'' 

Jm  ibt  acaa«  number  you  publLihcd  Dr. 
GmfM  tt&lrati,  aa  P^eald^nt  of  the  Aiueri- 
eajLasotiationf  wherein,  alWr  quoting  Um 
I'a  rttiark,  that  ^  It  is  a  ain^uUr  fact, 
I W9  tn&  out  how  any  thfaag  is  done, 
eoodaaum  b,  that  Ood  did  not  do 
H,**  be  add*,  Umlsac-'h  a  eandmi^a  is  '*  pre- 


mature, unworthy,  and  deplorable,"  and 
concludes  with  the  hope  **  that,  in  the  fu» 
ture,  even  more  than  in  the  past,  faith  in  an 
order  which  h  the  basis  of  science  will  not 
(as  it  cannot  be  reasonably)  be  dissevered 
from  faith  in  an  orduincr  whieh  iii  the  ba- 
sis of  religion/*  And,  my  old  friend,  and 
honored  teacher,  Dr  Henry,  from  whose  en- 
thusiasm for  natural  studies  I  imbibed  what- 
ever taste  for  them  I  have  retained,  in  a 
letter  addressed  to  this  Tyndall  banquet, 
and  published  in  your  last  number,  wrote : 
**  While  we  have  endeavored  to  show*  that 
abstract  science  i&  entitled  to  high  appreci- 
ation and  Uboral  support,  we  do  not  claim 
for  it  the  power  of  solving  questions  belong* 
ing  to  other  realms  of  thought,  ,  .  .  Much 
harm  has  been  done  by  the  antagonism 
which  has  sometimes  arit^en  between  the  ex- 
pounders of  science  on  the  one  band,  and 
thoiie.of  theology  ou  the  otLer,  and  we 
would  deprecate  the  tendtrncy  which  exhib- 
its itaeJf  in  certain  minds  to  foster  fcelinga 
antagonistic  to  the  research ei^  into  the  phe> 
nomena  of  Nature,  for  fear  they  should  dis- 
prove the  interpretations  of  IJoly  Writ  made 
long  before  the  revehitioDS  of  physical  sci- 
ence, which  might  serve  for  a  better  ex- 
egesis of  what  has  been  revealed ;  and  also 
the  tendency  In  other  minds  to  transcend 
the  known,  and  to  pronounce  dogmatically 
as  to  the  po^^albillty  of  niodcs  of  existence 
on  which  physical  research  has  not  tlxrown, 
and  we  think  never  can  throw,  positive  light/* 
Now,  here  is  preciaely,  though  not  all,  mf 
meaning,  and  yet  you  rap  me  over  the 
knuckles  for  it,  while  you  publish  the  praidcs 
of  Carpenter,  Gray,  and  Henry. 

Ail  tbcso  illuslnous  men  admit  the  lim- 
its of  Science,  and  also  the  possibility  of 
paasing  beyond  theuo.  As  men  of  good 
eommon-scnise,  and  no  les3  as  philosophers 
and  BcicntiiJts,  they  r»rc  perfectly  aware  that, 
while  the  scope  of  Science  lies  within  the 
contents  of  experience,  and  of  tlio  indue- 
tions  drawn  from  that  experience,  it  i^  haz- 
arding the  character  of  it  to  go  further, 
Thuy  feel  too,  no  doubt,  what  I  certainly 
do,  that  there  ore  certain  broad,  deep,  in- 
eradicable instincts  of  the  human  mind, 
whicU,  however  they  onghiated,  whether 
implanted  there  by  creative  act,  or  formed 
by  the  j-low  growth  of  thousands  of  years, 
arc  now  h<^come  the  tnetpugnablo  basis  of 
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all  human  credence  and  all  human  action. 
The  conTicUons  of  the  reality  of  Nature, 
of  the  independence  of  Mind,  and  of  the 
being  and  authorship  of  God,  in  spite  of 
every  cflbrt  of  Philosophy  to  get  rid  of 
them,  either  by  declaring  them  unthinka- 
ble, or  by  merging  one  in  the  other,  alirays 
return  as  the  final  no  less  than  the  initial 
postulates  of  thought.  Any  scheme  of  the 
universe,  therefore,  which  leaves  any  of 
them  out,  declares  itself  impotent,  like  the 
project  of  an  edifice  which  makes  no  pro- 
vision for  the  comer-stones.  Innumerable 
such  schemes  have  gone  before,  and  floated 
as  bubbles  for  a  while,  but  the  first  touch 
of  these  Realities  broke  them  into  thin  air. 

What  the  relations  of  these  grand  pri- 
mal factors  of  the  problem  of  existence 
are,  or  how  they  are  to  be  harmonized  with 
each  other,  we  do  not  know ;  perhaps  we 
never  shall  know ;  but,  I  think  we  shall 
learn  more  and  more  of  them,  and,  in  due 
time,  by  the  instrumentalities  that  are  given 
us.  We  shall  learn  of  Nature,  and  of  Man, 
so  far  as  he  is  a  dependant  and  denizen  of 
Nature,  by  that  digesting  of  experience 
which  is  the  peculiar  work  of  science.  We 
shall  learn  of  Man,  so  far  as  he  has  a 
deeper  spring  of  life  than  observation 
reaches,  from  its  wellings-up  into  conscious- 
ness at  those  rare  moments  of  insight 
which  often  seem  so  mysterious;  and  we 
shall  learn  of  God  through  both ;  I.  e.,  as 
he  works  with  the  stupendous  forces  of 
time  and  space,  which  symbolize  him,  and 
as  he  inspires  our  feeble  loves  and  wisdoms, 
which  are  no  less  symbols  of  him,  with  an 
in  tenser  sense  of  his  own  supernal  love  and 
wisdom. 

But,  we  shall  learn  little  of  either  if  we 
hftughtily  and  peremptorily  dismiss  any  of 
the  elements  out  of  the  inquiry.  Neither  Na- 
ture nor  Man  is  to  be  understood  without 
God,  nor  can  God  be  apprehended  by  pure 
intuition  alone,  or,  save  as  he  writes  his 
hieroglyphics  in  objects  and  events,  or  im- 
parts new  impulses  of  goodness  to  the  in- 
nermost soul.  Tyndall,  doubtless,  caught  a 
glimpse  of  the  inseparableness  of  these 
dements  when  he  said,  '*  The  passage  from 
facts  to  principles  is  called  induction,  which, 
in  its  highest  form,  is  inspiration,"'  nor 

»  •*Fn«meiiti  of  SdsDos,**  p.  M. 


was  l^e  free  from  the  same  overshadowini 
truth,  when,  speaking  of  the  possible  tola 
tion  of  the  ultimate  physical  problem,  he  i« 
marks  that,  when  it  comes,  "  it  wQl  be  one 
more  of  spiritual  iusight  than  of  observm> 
tion.'* '  For,  if  deity  be,  as  it  is  some 
times  said,  the  Spiritual  Sun,  the  inteUectual 
Light,  he  may  evade  scrutiny,  as  the  com. 
mon  light  evades  vision.  It  is  the  oondi. 
tion  of  vision,  **  the  light  of  all  our  seeing," 
in  which  all  objecU  are  seen,  though  itself 
unseen.  Besides,  we  know  that,  even  in 
the  common  light,  there  are  rays  whidi  the 
physical  eyes  do  not  see,  which  the  inward 
eyes  of  reason  alone  behold,  but  which, 
if  the  physical  eyes  could  be  made  sensitive 
to  their  swift  pulsations,  might  diaclof  e,  ac- 
cording V>  Tyndall's  exquisite  suggestion, 
a  new  heaven  and  a  new  earth,  immediate- 
ly around  us,  and  *'  as  far  surpassing  ours 
as  ours  surpasses  that  of  the  wallowing 
reptiles  which  once  held  possession  of  this 
planet*' 

Science  must  not  deny  the  finer  rsyt 
which  she  cannot  see ;  she  may  remain  in- 
different to  them  if  she  pleases,  and  is, 
indeed,  krgely  obliged  to  remain  indURvent 
because  of  the  very  conditions  under  which 
she  works ;   but,  while  delving  in  mattei^ 
there  is  no  reason  for  getting  suffocated  by 
its  gases,  or  stifled  in  its  mud.    For,  in  thai 
event,  the  narrowness  and  dogmatism  joa 
impute   to  "the   classes  still   called  edo- 
cated,*'  to  "  the  cultivators  of  senthnental 
literature,"  and  to  '' coUege-bred  people,** 
would  be  most  unquestionably  hem;  the 
opposition  to    freedom  and   progress  of 
thought  that  you  deplore  would  be  hen; 
and  she  would  lose  at  once  that  devotka 
to  truth,  whithersoever  it  may  lead,  whkb 
is  now  her  proud  boast    Indeed,  as  I  oK 
serve  the  world,  pretension  and  bigotry  sit 
not  confined  to  the  circles  where  you  ^ 
cover  them;   there  are  so-called  men  of 
science  who  partake  the  fauH;  and  whs 
set  up  their  own  little  area  of  cutkwk  lor 
the  sum  of  God*8  measureless  world.   Then 
are  those  who,  because  they  may  have  it- 
tended  a  course  of  lectures  on  mechaBM^ 
or  compiled  a  treatise  on  heat,  or  perfonntd 
a  few  simple    experiments  in  chemistry, 
assume,  not  that  wisdom  will  die  with  t 
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ttilwu  bdm  with  Ihem.  On  the 
fBieDftb  of  Ui«s«  auperiof  quAlifieationA, 
thef  irtive  Mtde  aU  the  etrugglei  of  isan 
iA«  truth,  in  the  past,  as  so  mftny  distem- 
pod  dreu&B,  which  are  About  to  be  dls- 
pdM  Ibreter,  becauBc  tbcjr  hare  lit  up  a 
ftv  &rihiag  randier.  Or,  m  a  Buddhist 
pod  iiTi, ''  thrf  buo  Uke  tnf&Qta  bora  at 
nidiii^t^  who,  because  thej  see  a  sanHsef 
thiiik  there  waa  nerer  a  vesterday/*  Let 
yoa  iwl  I,  Mr.  £ditor,  not  be  of  the  num- 
ber, let  m  be  aaffured  that  some  truth 
hii  pome  a  good  while  ago,  that  U  is  com- 
io^  itill,  in  toatir  w^j^^  and  will  come  in 
broader  and  rosier  flashes  hi  the  future^ 
though  sot  to  him  who  osirich-ltke  buries  his 
bead  in  the  saad^  or  miiffiea  his  ejes  against 
toj  of  iu  iQufniiiations. 

PI  hif«  Ibe  honor  to  be 
r         Vour  obedient  servant, 
\  Pakkc  Gonwtu. 

If*  f^. 


ttlSTOBT  AND    TEE    STONE 
JIGE  15   ITALY. 


)U  RftrroA  r  In  Momnisen^s  ^*  Otstorj 
of  Ibrnt  "^^one  of  the  g^reatest  intellectual 
pradBfiUona  of  the  age — rol.  i.,  p.  SO,  AmerU 
ou  cdrtiim,  oecora  the  following  passage : 
^'Ifolhlog  has  hitherto  been  brought  to 
1^  M^lovarrant  the  supposition  that  roan- 
^H  kind  existed  in  Italy  at  a  period  anterior 
^H  l»lfctkB0w1edg:e  of  agriculture  and  of  the 
^^ttlMMiJl^if  metaU  ;  and,  if  the  humcin  race 
^^  mm  wiihiii  the  bounds  of  lutj  realty  oo- 
I  fopiMi  the  level  of  that  primitive  sUge  of 
I  nblif  vhidl  we  are  accustomed  to  call 
I       ftsMii^itetc,  ererj  trace  of  such  a  fact 

flkrpviied  at  such  a  passage  in  such  a 
I  read  it  repeatedly,  to  be  sure  of  its 
It  seetna  to  be  plain  enough. 
71m  jilt f  mint  ie  imwanmnted  \  and,  seeing 
diftt  it  it  •  neitalire  one,  it  could  hardly 
iMve  been  justifiable  at  the  time  It  was 
wiSfOtim — probably  twenty  years  ago.  But, 
bgwgtcff  th«t  may  be,  it  is  certainly  an  over- 
iig^f  to  retain  it  in  the  later  editions  with- 
OBt  erpUnatioa 

Traces  of  early  people*  who  were  saTage 
ia  the  estrvfoe  ftre  plenty  in  many  parta  of 
Italy,  even  In  the  ridnity  of  Rome«  FHmi* 
life  rtone  wcaponi  abound  at  Fontc  MoUe, 


Torre  di  Qutnto,  and  Acqua  Trareraa,  on  the 
right  bank  of  the  Tiber,  They  are  found 
ID  Liguria,  and  ovcrywhero  in  what  wtis 
Middle  Etruria.  Flint  weapons  of  the  rudest 
type  are  found  in  the  lowermost  beds  of 
lava  in  ancient  Latium.  The  like  traces  of 
a  savage  popuhiilon  are  fouud  at  Imulo, 
Casalvieri,  and  Alatri,  in  the  neighborhood 
of  Naples  ;  at  Ascoli,  near  Ancona ;  on 
Mount  Brandon^  in  the  riciuiLy  of  Ascotl^ 
and  on  an  iskud  near  Moniicclli ;  in  the  ter> 
ritory  of  Borgo  Ticino,  on  the  plain  of 
VercelU-Borgo,  and  in  the  turf. pits  of  Mer* 
curago  and  San  Giovauiii ;  in  the  region 
of  ^5an  Gcrmano,  near  Pinerolo,  between 
the  Tornaro  and  Barrido,  and  on  the  right 
bank  of  the  Agogna,  in  the  tt^rrilory  of 
Biriga;  and  in  many  other  localities. 

These  relics  consist  mostly  of  hatchets 
and  arrow  or  javelin  points  of  tlint  and  com* 
mon  greenstone.  They  are  of  all  gradea 
of  workmanship,  Jrom  the  moat  rude  lo  the 
most  polished,  and  such  is  the  variety  in 
this  respect  that  B.  GastalUi,  who  bos  thor* 
ougbly  studied  the  specimena,  believes  that, 
if  the  usual  division  of  the  Stone  Period 
into  the  Paheolithic  and  Neolithic  (rough 
and  poltabed  stone)  Ages  be  odmis»ible, 
these  relies  would  justify  a  further  division 
of  the  Neolithie  iiito  two  ages,  aooordin£  to 
the  grade  ot  workman!!^hip. 

Prof.  Isacl  believes  the  evidence  quite 
sufTicicnt  to  f^how  that  the  Ligurians  ns^ 
mained  stone-uslng  savaged,  without  knowl- 
edge of  the  mctab,  up  to  the  time  of  their 
Bubjtigation  by  the  Celts  and  Romans. 

It  is  trite  to  observe  that  unqualiQcd 
statements  resting  wholly  on  negatiro  sup- 
port arc  unsafe.  Sull  the  learned  continue 
to  make  them.  This  of  HomtDScu^8  reminds 
one  of  Il<Snan*s  atcbteologlco-poctic  osswmp- 
lion  that  the  Egyptian  ctvili/jition  had  no 
foreground  of  prepar.4tion.  This  appears 
very  funny  in  the  light  of  evolution.  Wheth- 
er the  Egyptians  were  uutuchthone^  of  the 
Nile  or  nut,  their  civilization  hod  a  long  pe- 
riod of  beginnings  juat  as  certainty  as 
the  Hellenic  bad ;  and  late  discovenes,  of 
what  are  believed  by  some  of  the  highest 
authorities  to  be  flint  implements,  indicate 
that  Egypt  was  once  inbabitcd  by  tlio 
rudest  of  savages.  It  is  not  safe  to  afTlrai 
of  any  mpot  on  earth  which  has  been  long 
enough  above  water,  that  it  has  not  ber^'  ~ 
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uabitcd  by  people  in  the  stone-using  phase 
jf  life.  J.  S.  Pattibson. 

Beclct  IlKzoina,  Onxo. 


""A  BPIDEB'fl  ENODTEEBINO.** 

Mr.  Editor:  The inqairj  respecting  the 
way  in  which  spiders  bridge  chasms  and 
strt'ams,  which  is  made  in  the  note  with 
the  above  heading,  upon  page  085  of  the 
March  number  of  this  journal,  has  been 
often  and  satisfactorily  answered  by  Eng- 
lish writers/  and  the  following  is  given 
merely  as  a  confirmation  of  their  more  ex- 
tended observations : 

In  March,  1806,  I  had  taken  a  Uving 
male  and  female  Ktphila  ptumipn  (some- 
times called  the  "  silk-spider  of  South  Caro- 
lina**) to  the  photographic  establishment 
of  Mr.  \Miipple,  of  Boston ;  while  waiting 
for  the  taking  of  their  pictures,  and  stand- 
ing about  six  feet  from  the  wire  iVame  upon 
which  was  extended  the  fcmale*s  web,  I  saw 
the  little  male  suddenly  cease  climbing  about 
the  frame,  and  take  position  upon  its  upper 
margin;  in  a  few  seconds  a  silken  thread 
floated  near  me ;  I  allowed  It  to  adhere  to 
my  sleeve ;  the  spider  then  turned  about, 
and  made  several  vigorous  pulls  upon  the 
line,  as  if  to  ascertain  its  fixity  of  attach- 
ment;  when  satisfied  of  this,  he  rapidly 
made  his  way  toward  me,  but,  in  order  to 
observe  the  act  again,  I  hung  my  end  of  the 
line  over  the  frame,  so  that  he  was  left 
where  he  started ;  after  a  few  turns  he  took 
position  as  before,  with  his  abdomen  ele- 
vated and  directed  toward  the  spot  I  had 
occupied;  presently  a  fine  line  shot  out 
from  his  spmncrs,  and  pursued  an  undulat- 
ing course  until  it  reached  beyond  the  spot 
I  had  occupied,  and  began  to  rise  toward 
the  large  ventilating  cupola  in  the  centre  of 
the  room ;  the  spider  would  occasionally 
turn  and  try  the  line  as  before,  but  it  did 
not  become  attached,  and  he  did  not  em- 
bark upon  it 

Feeling  now  quite  sure  that  the  current 
of  air  toward  the  venUlator  both  deter- 
mined the  Fpider*s  preparatory  action  and 
the  progress  of  the  line,  I  removed  this  line, 

>  niackwoU,  ""Bptdon  of  Oraat  Britain  and  Ire- 
land *"  (Introduction,  p.  11) ;  Joonud  of  Proceedings 
gnsan  Society,  toL  vii. ;  Transoctlona  of  Lin- 
ricty,  Tol.  XT^  p.  450l 


and  blew  gently  upon  the  q>ider  in  the  op. 
powU  direction;  he  immediatdy  turned 
about,  elevated  the  abdomen  at  bdbte,  wUk 
the  vfind,  and  soon  a  line  was  carried  in  this 
direction  for  as  long  and  as  far  as  ny  breath 
could  reach,  and  no  fariher.  This  was 
repeated  with  the  same  result  in  Tarioua 
directions.  The  extremity  of  the  line 
appeared  blunt  and  a  little  enlarged,  which 
is  in  accordance  with  the  view  of  Black- 
wall  respecting  the  way  in  which  it  is  start- 
ed : 

*^The  extremities  of  the  spinners  are 
brought  into  contact,  and  viscid  matter  Is 
emitted  from  the  papillss;  they  are  thca 
separated  by  a  lateral  motion,  which  ex- 
tende  the  viscid  matter  into  filamenta  con- 
necting the  papillae ;  on  thtee  filaments  the 
current  of  air  impinges,  drawing  them  out 
to  a  length  which  is  regulated  by  the  wIU 
of  the  animal,  and,  on  the  extremitiet  of 
the  spinners  being  brought  together,  the 
fiUments  coalesce,  and  form  one  eompomd 
line.  ...  If  placed  upon  rods  set  upri^ 
in  glass  vessels  with  perpendicular  sides,  and 
containing  clear  water,  they  in  Tain  attempt 
to  escape  from  them  in  a  t/iA  atmoqJken,\  .  • 

**  The  lines  produced  by  spiders  are  not 
propelled  from  the  spinners  by  any  pbysloil 
power  possessed  by  those  annuals,  bat  are 
invariably  drawn  from  them  by  the  medun- 
ical  action  of  external  forces.*' 

It  is  not  so  Tcry  strange  that  an  Ameri- 
can journal  should  reproduce  the  note  which 
suggested  this  communication,  without  !» 
corporating  the  desired  information,  rineo 
very  few  papers  upon  spiders  have  appeeitd 
in  this  country ;  but  the  oondnctoii  of 
Hardwiekt'%  Seitnce  Gotaip^  in  which  it  tet 
appeared,  must  have  been  strangely  ob* 
livious  of  the  already-quoted  Engliah  te* 
counts  of  the  subject 

But  this  oversight  is  pardonable  wba 
compared  to  what  occurred  in  SctHmMT^ 
MofMy  for  May,  1872,  in  an  account  ef 
spiders,  evidently  a  compilation.  The  com* 
mon  garden  spider  is  represented  head  f^ 
vard  in  the  centre  of  a  web  composed  ^ 
concentric  circfet.  Now,  every  one  that  htf 
really  examined  a  so-called  geometrical  weh 
knows  that  it  consists  of  a  spiral  Itni^  aad 
never  of  cirekt ;  and  also  knows  that  the 
Kpeirida  are  as  averse  to  reposing  bead  n^ 
ward  as  human  bebgs  are  to  assuming  the 
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rercff©  position ;  they  liiTttriably  bang  in 
the  web  htad  dcienward. 

Sorelj  it  is  &  Little  incongruous  that  a 
magiiine  which  lectures  Tax  Fofitlar  Sci- 
19CI  MoxniLT  for  occupjmg  too  much  spnce 
with  fiuch  **  p«cado-»ciencc  "  as  that  "  moat 


high-floim  Bp<*cuktJOD,''  Evolution,  ahould 
exptind  money  as  well  as  space  for  an  ea- 
^raring  which  is  not  only  controverted  by 
CTcry  ftccurale  obsi'rvation,  hut  which  might 
have  been  corrected  by  a  glanco  into  Web* 
stcr'a  Unabridged.  Bitbt  O.  Wilmb, 
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scmsmrio  jfommal  schools. 

THE  iden  soggeAted  by  ibid  title  haa 
Iqh^  been  with  mimy  n  matter  of 
'vigiie  and  disUnt  anticipation;    bot 
there  is  promiM  that  something  of  the 
kind  maj  sooq  become  a  realized  fact* 
Bather^  perhapa,  we  are  to  have  a  high- 
dan  Teachers*  Institute  on  a  strictly 
•QienUfio  basts.     Professor  Agassiz  \e 
expected    ta    open,   next    snmmer,  a 
■dioel    of    natural    history    for    the 
^wie&t  of  teachers  during  their  Taca- 
^OQ.     He    has    associated  with   him 
twenty  professors  of  high  character  to 
ctrry  oot  tho  plan,  and  the  object  is,  to 
tSbrd  ample  facilities  for  stadying  E^pe* 
cimeos  and  becoming  familiar  with  the 
ietatl  properties  and  relations  of  living 
tilings    In  an  address  before  a  com* 
%ittee  of  the  Maasaohtisetts  Le^alatnre 
m  the  claims  of  the  Cambridge  Mu- 
••am   of  ComparatiTe  Zoology,  Prof. 
ifMiijc  ejtplained  the  nature  and  pur- 
p«»  of  the  contemplated  project,  which 
ii  kindred  to  the  object  for  which  the 
nmseaiD  itself  was  founded.    Educa- 
tion innrt  have  ita  storehouses  of  im- 
plemeata.    For  philosophy,  hbtory,  and 
literatare,  public  libraries  are  estab- 
Biibedf  because  these  subjects  are  to  be 
itn^ed  by  means  of  books.    But^  in 
idtfioe,  books  are  not  sufficient ;  speei- 
mcm  are  indispensable.     IV'e   want, 
■dcLProf.  Agaasiz,  to  educate  men  who 
dull  be  able  to  read  Nature^  and  this 
can  only  be  dotn^  by  stud  tons  familiarity 
with  natural  objects.    The  school  is  to 
out  this  plan.    Xantucket  Island 
selected  as  the  location,  and 
ii  made  fur  a  very  tborougti 
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and  comprehensive  oonrse  of  instruc- 
tion. 

This  idea  b  certainly  capable  of  ex- 
tension, and  the  timi\  wo  think,  has 
come  when  it  ahould  be  taken  up  and 
carried  out  in  different  pnrta  of  the 
country.  The  Nantucket  scheme  could 
not  be  copied  in  the  interior,  because 
ono-half  of  its  subjects  pertain  to  the 
naturiil  history  of  the  soa.  The  scheme 
is  constructed  from  Prof.  Agii»sl2*a 
point  of  view,  and  is  devoted  mainly  to 
zoology.  The  botany  of  land-pknts  is 
not  included ;  entomology  gets  b tit  lit- 
tle attention,  and  physics  none  at  all. 
This  is  not  intimated  as  a  deficiency  of 
the  programme,  which  is  eufficiently 
broad^  and  lays  out  more  work  than 
there  will  bo  time  to  do  it  in.  It  is 
evidently  designed  for  the  advantage 
of  professors  and  teachers  of  science  in 
educatiomd  institutiona  who  already 
know  something  of  the  subjects,  and 
desire  the  opportunity  of  perfecting 
their  knowledge  of  natural  history  un- 
der the  ablest  instructors. 

But  the  time  has  come  for  entering 
upon  similar  arrangements  in  behalf 
of  the  multitiido  of  teachers  in  our 
common  schoolfl.  "We  have  normal 
schools  for  their  preparation,  but  they 
are  fashioned  upon  the  old  academic 
and  collegiate  pattern,  and  furnish  only 
a  book -education.  The  little  science 
they  pretend  to  give  is  book-science, 
and  not  the  knowledge  of  things. 
Throughout  nearly  all  of  the  common 
schools  of  the  country,  physics,  chem- 
istry, botany,  and  zoology,  are  taught, 
if  tauglit  at  all,  by  the  same  method  '^' 
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history  or  Latin — that  is,  by  committing 
and  reciting  lessons  from  books*  It  is 
universally  admitted  that  this  is  ab- 
surd,  but  wliat  to  do  aboat  it  is  the 
difflcultj.  TIio  Bjstem  is  self-perpetu- 
ating. The  normal  echoola  go  on  in 
the  old  rata,  and  continue  to  furnish 
teachers  of  the  old  type.  Higher 
standards  of  attainment  may  be  ex- 
acted in  the  routine  branched,  and  there 
is  unquestionably  some  improvement  in 
methods;  but  little  is  done  to  bring 
the  minds  of  pupils  into  familiar  rela- 
tions with  Nature*  Scarcely  anything 
is  done  for  the  thorough  cultivation 
of  the  observing  powers  by  exercising 
them  upon  olyecta  and  experiments.  In 
response  to  the  demand  for  studying 
Nature,  wo  have  only  the  rude  expe- 
dient of  object-lessons  for  children,  ad- 
ministered by  teachers  who  know  noth- 
ing of  physical  science  on  the  one 
hand,  nor  the  science  of  the  growing 
mind  on  the  other. 

Wljat  we  want  in  every  State  in  the 
Union  is  what  Prof.  Agossiz  ia  prepar- 
ing to  supply  in  Massachusetts,  an  op- 
portunity for  teachers  to  come  together, 
where  there  are  cabinets,  laboratories, 
Bpeolmens,  and  experiments,  and  an 
able  corps  of  instructors  who  aro  at 
home  with  all  these  resources^  and  can 
teach  directly  from  Nature  herself*  If 
the  vflcation- weeks  only  aro  to  ho  de- 
voted to  this  work,  the  scheme  of 
studies  will  require  to  be  drawn  up 
with  strict  reference  to  their  urgent 
and  practical  requirements.  Nantucket 
will  be  favorable  for  studying  the  zoo- 
logical productions  of  the  sea ;  but  Na- 
ture 1%  an  inexhaustible  museum,  and 
every  place  abounds  with  the  material 
for  the  Illustration  of  scientific  study* 
Tlie  air,  the  fields,  the  woods,  and  the 
streamfl,  swarm  with  life;  the  rocks 
are  uncovered,  minerals  abound;  ilie 
earth  is  carpeted  with  vegetation,  the 
forces  of  Nature  are  ever  playing 
around  us,  while  every  family,  school, 
"**  ^church,  factory,  poor-house,  jail,  neigh- 
f'^T^^\iO<ii\^  and  viilago,  alTorda  materials 


for  the  scientific  study  of  social  phe* 
nomena  and  laws.  What  is  needed  \% 
to  tench  teachers  to  bring  their  minds 
to  bear  directly  upon  those  things,  to 
observe,  compare,  and  analyze  them, 
so  that  their  knowledge  may  bo  real, 
positive^  and  worthy  the  name  of  sci' 
ence.  It  may  not  bo  easy  to  found  a 
proper  curriculum  for  a  scientific  teach- 
ers* institute,  selecting  just  the  proper 
subjects,  and  assigning  thera  their 
due  proportions ;  yet  the  work  is 
entirely  practicable,  and  experience 
would  soon  fix  the  adjustments.  As  a 
preliminary  step  to  such  a  movement, 
nothiog  could  bo  better  than  a  nation&l 
convention  of  teachers,  professors,  and 
school  superintendents,  called  for  the 
distinctive  purpose  of  laying  down  the 
plan  and  organizing  the  means  for  the 
promotion  of  scientific  education.  Prof. 
Agassiz  has  broken  the  ice,  and  will 
show  us  what  it  is  possible  to  do  in  this  i 
direction  during  a  single  vacation.  His 
enterprise  is  a  national  movement,  and 
at  once  raises  the  important  question 
as  to  how  similar  advantages  may  be 
gained  for  the  general  education  of  the 
country. 

Since  the  above  article  was  put  into 
type,  an  important  change  has  taken 
place  ill  Prof,  Agassiz's  programme. 
He  has  been  presented  with  an  ietand 
as  a  location  for  his  sehool,  and  with  a 
$50,000  endowment  to  assist  in  defray- 
ing its  expenses.  The  donor  is  Mr. 
John  Anderson,  of  Now  York,  and  tlj« 
island  of  100  acres,  known  as  Penikese, 
is  one  of  the  Elizabeth  group,  netf 
New  Bedford,  four  miles  from  tb« 
main-land,  and  twentj-four  miles  &om 
Newport.  It  has  been  the  summer 
residence  of  Mr.  Anderson,  and  eon* 
tains  such  buildings  and  improvcmentt 
as  a  wealthy  occupant  would  constrocl 
for  purposes  of  residence.  What  the 
efieet  of  this  change  will  be  upon  the 
original  plan  is  yet  problematic aU  bul 
it  can  hardly  fail  to  be  considers 
We  see  it  stated  that  $30,000 
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is  repaired  to  ercot  suitable 
Idmg^  and  $200,000  more  to  rai&e 
Hie  endowment  to  the  point  necesaary 
fbr  cftrrying  out  Prof.  Agassiz^s  plana* 
If  theee  Ammgements  be  GonsumniAted, 
a  Natoral  History  aoLool  of  high  char- 
acter 2Lnd  large  OflcMnosa  cannot  fdl 
to  be  the  result.  How  far  it  will  be 
orgaoJbed  in  the  interest  of  original 
•deoitific  investigations,  or  in  the  gen- 
tfil  interests  of  education,  or  to  what 
degree  both  objects  will  be  combined, 
remaiiia  to  be  seen.  It  is  to  be  hoped 
that  Mr.  Anderson^s  generosity  will 
prnve  contagiona,  and  that  not  only 
will  Prof  AgaasU  be  famished  with 
the  fands  he  reqoires,  bat  that  men  of 
wealth  in  diflferent  parts  of  the  coun- 
try will  contribute  to  kindred  enter- 
prises in  their  own  localities.  For  the 
organization  of  sach  Scientific  Teach- 
oi^  lastitotes  as  we  have  suggested, 
lii^^e  snmi  of  money  would  not  be  re- 
quired. Boildings  can  be  found  suit* 
ible  for  school  sessions,  lectures,  aod 
demonstrations,  and  no  care  or  ootlay 
would  be  necessary  to  provide  for  the 
Gring  of  students  and  professors.  The 
sspenses  to  be  incurred  would  be  only 
for  the  liberal  remuneration  of  the  pro- 
fworial  corps,  and  for  the  various 
idoitifio  appliances  needed  to  illus- 
trite  the  teaching.  The  project  is 
iiiisible,  if  there  is  sufficient  interest 
J    in  the  labject  to  carry  it  out. 


jCflL  aoDwnps  lettsr. 


^Wft  pnblish  an  able  commonication 
Iff.  Parke  Godwin,  called  forth 
bj  our  strictures,  in  the  April  Montiii.t, 
on  his  speech  at  the  Tyndall  Bantjuet, 
iod  restating,  with  more  falness,  the 
views  there  expressed.  With  much 
tbat  be  says  we  cordially  aj^ee,  and^ 
hid  the  position  to  which  we  mainly 
oljaeied  been  originally  stated  as  it  is 
now,  there  would  have  been  less  occa- 
lor  criticism*  In  his  address,  after 
reoiarka  oq  the  great  results  of 


modern  scienoe,  Kr.  Godwin  said : 
**Bpt  it  IS  real  science,  with  its  rigid 
restrictions  to  its  own  sphere  and  ite 
eract  methods,  and  not  any  pseudo- 
science^  thot  will  accomplish  these 
grand  results.''  He  then  gave  exam- 
ples, and  classed  among  them  the  doc- 
trine of  Evolution  as  interpreted  by 
Herbert  Spencer.  But,  in  his  present 
communication,  Mr.  Godwin  wdmit^ 
that  **  the  nebular,  the  Darwinian,  and 
the  Spencerian  views  are  hypotheses 
quite  within  the  domain  of  scientific 
theory,  and  capable,  to  a  certain  ex- 
tent, of  explaining  the  phenomena  to 
which  they  refer.**  lie  allowa  their 
legitimacy,  which  is  what  we  contend- 
ed for;  but  he  denies  that  they  are 
fairly- accredited  scientific  truths,  and 
here  we  suspect  he  is  again  mistaken. 
What,  then,  are  we  to  understand 
hj  scientific  truth  f  Mr.  Godwin  inveu- 
tories  the  chimeras  of  the  past,  and^ 
pointing  to  the  dehrU  of  abandoned 
theories  which  strew  the  road  of  sci- 
ence, admonishes  us  not  ^Ho  be  too 
confident  that  our  little  systems  of  nat- 
ral  law  will  not,  like  other  systems  of 
thought  referred  to  by  Tennyson,  have 
their  day."  The  lesson  is  a  wholesome 
one  ;  but  are  scientists  the  parties  that 
most  need  it  t  Is  it  they  that  are  for* 
ever  affirming  "finalities,**  ** absolute 
verities,'*  and  ^*  eternal  principles  t" 
In  what  school  are  men  so  trained  to 
distrust  themacives,  and  to  hold  their 
views  subject  to  constant  revision,  as 
in  the  school  of  science  ?  Is  it  not  ever 
seeking  to  supersede  existing  truth  by 
larger  truth  ?  Chemistry  reposes  upon 
its  ascertained  elements,  but  chemists 
are  prepared  to  see  them  at  any  time 
abolished  or  resolved  into  a  single  one, 
and  in  that  case  the  gentlemen  of  the 
laboratory  would  be  the  first  to  throw 
up  their  hats  in  exultation.  Even  the 
principle  of  gravity  is  not  held  as  a 
finality :  Faraday  labored  for  its  rein- 
terpretation,  and,  should  it  disappear 
in  some  larger  generalization  of  dy- 
namical law,  physicists  wiH  not  go  in* 


ii6 


THE  POPULAR   SCIENCE  MONTHLY, 


to  Qiourning.  In  science^  tbe  passing 
away  of  sys terns  is  generiill j  an  absorp- 
tion of  leaser  into  more  coinpreben- 
sive  laws.  The  qQestion  of  the  truth 
of  a  new  scienttfio  theory  is  not  as  to 
its  everlaslingness,  bat  as  to  its  supe- 
riority to  t!ie  views  it  seeks  to  so  per- 
sede.  Does  it  involve  fewer  assump- 
tions \  Does  it  acconnt  for  more  facts  ? 
Does  it  harmonize  coaflicting  opinion? 
Does  it  open  new  inqniries  and  incite 
to  fresh  research  f  These  are  the  tests 
that  determine  the  flcceptance  of  the 
theory,  and,  if  it  fylHls  these  condi- 
tions, it  ia  held  to  be  true. 

Now,  how  does  the  doctrine  of 
Evolution  answer  to  these  tests?  It 
has  arisen  as  an  outgrowth  of  the  latest 
and  highest  knowledge,  has  steadily 
made  its  way^  in  the  teeth  of  inexo- 
rable criticisra,  to  a  large  aeceptnnce 
among  the  most  dfscipliacd  thinkers 
of  the  period.  It  has  been  simmering 
in  the  minds  of  men  of  science  for  a 
century,  and  has  now  reached  a  point 
where  it  is  capable  of  being  fomm- 
kted ;  where  it  is  of  great  and  ac- 
knowledged value  for  the  guidance  of 
scientific  exploration,  and  it  thus  an- 
swers to  the  highest  uses  of  theory. 
It  is,  moreover,  becoming  every  day  in- 
creasingly consonant  with  facts  in  the 
various  branches  of  science,  and  is  now 
far  more  congruous  with  the  state  of 
knowledge  than  any  other  hypothesis 
yet  Applied  to  the  range  of  facts  which 
it  attempts  to  explain.  Tlie  proof  of 
the  theory  is  unquestionably  incom- 
plete, but  all  theories  are  accepted  un- 
der the  same  conditions.  At  the  woi^t, 
it  stands  to-day  where  the  theory  of 
gravitation  stood  in  the  time  of  Kew- 
ton,  which,  as  Baden  Powell  remarks, 
**  was  beset  by  palpable  contradictions 
in  its  results  till  many  years  after  Kew- 
ton'i  death.'' 

On  a  complex  and  difficult  scientific 
qnestion  of  this  kind,  authority  goes  for 
eoraething,  jind  Mr.  Godwin  recognizes 
it.  He  rem  arks :  **  Can  we  say  that  any 
questions,  on  which  snch  cautious  ob* 


servers  and  life-long  students  as  IMp- 
win,  Owen,  Huxley,  Wallace,  and  Ag- 
assiz,   still   debate,    are  settled    qnc^ 
tlons?  **  Certainly  not ;  but,  when  their 
fundamental  principles  are  accepted  by 
four  out  of  five  of  the  eminent  authori- 
ties which  are  cited  as  differing  about 
them,  w©  mnst  acknowledge  that  tbe 
weight  of  authority  is  very  strongly  on 
one  side.    Kor  is  this  all.    The  eminent 
scientific  men  who  have  adopted  the 
view  of  Evolution,  and  that,  too,  against 
the  powerful  pressure  of  public  prqo* 
dice,  are  to  be  numbered  by  scores  and 
hundreds.  In  fact^  the  movement  amof^ 
naturalists,  for  the  last  ten  years>  tow- 
ard a  general  doctrine  of  development^ 
has  amounted  almost  to  a  ^^  stampede*^ 
This  is  not  mere  unsupported  assertion. 
Ilere  comes  the  latest  scientific  book 
of  the  season,    ^'  The  Depths  of  the 
Sea,"  by  the  eminent  Professor  of  Nat- 
ural History  in  the  University  of  £dia* 
burgh,  Wyville  Thompson,  and  he  says: 
*^  I  do  not  think  that  I  am  speaking  too 
strongly  when  I  say  that  there  is  now 
scarcely  a   single    competent  general 
naturaUst  tvho  is  not  prepared  to  ac- 
cept some  form  of  the  doctrine  of  Evo- 
lution.'*    Prof.  Agassix,  indeed,  stU] 
clings  to  his  long-cherished  opinions; 
hot  it  is  notorious  that,  on  this  ques- 
tion, his  old  students  are  mnning  awiy 
from  him^   and    his    hypothesis,  that 
there  is  an  epidemio  aberration  upoD 
this  subject  among  tbe  naturalists  qI 
the  age,  will  hardly  bo  held  as  a  suffix 
cient  explanation  of  the  phenomesAi 
On  the  busiSf  therefore,  of  the  jodgmeot 
of  tljo  great  body  of  those  most  compe- 
tent to  form  an  opinion,  we  cannot  h«]p 
tlilnking  that    Mr.   God  win   was  wk 
only  in  error  when  he  characteriaid 
the  theory  of  Evolution  as  connkerleit 
science ;  but  that  lie  ia  also  in  ^  rrnr 
when  he  declares  it  to  be  a  t 
speculation,   and   not    an    aoi:rL-uiU<u 
principle,  entitled  to   the  weight  of 
valid  scientific  authority. 

But,  aside  from  the  question  of 
thority,  Mr.  Godwin  argaea  agaiml 
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Tilliitj  of  blolofleil  Aod  i>sjrcbo]ogicaI 
•deuces  cm  the  Intrixislo  ground  that 
t^f  lack  ex&ctitude.  It  would  have 
dMa  ft  pomt  gained  for  his  argument 
lo  cflforde  thm  IM.  of  oxftctne^  as  thea 
l&«lt  mitMk&m  woQld  pass  tinder  a  cloud 
fli  dlMredil*  But  Ih^  tcBt  cannot  be 
iCwylaiL  Hii  method  of  criticiBtn 
voald  tlirottle  everj  science  in  its 
growing  ttoges  before  complete tiesa  of 
denoBiCrvlioQ  had  been  attaiDed.  He 
Uats  npon  «  criterion  which  would 
aboilflli  half  the  sciencea  and  atrip  the 
ramamder  of  all  vididitj-  and  authority 
cseapl  m  their  perfected  forms.  Ke- 
fimiog  to  hA»  addresa,  he  renutrks : 

^BUdiaii,  I  aaid^aiid  it  was  the  whole 
fvpait  6if  mj  ip«cch  made  ia  the  interesti 
of  Mkooa  *a  well  aa  rcligioa-^that  we  can 
««{t  tsp#ec  tbcM  r«sultB  from  truo  science, 
vUch  ItiTfMififfii  what  Natoro  redl/  m,  ftnd 
Ml  fliMii  a  liaalf  and  preaumptuoiia  nclooce, 
lIMi  prili  Diia  to  give  us  wliat  Nftture  nuiy 
iti^gptii^  |S»  &f«  And  mjr  ontorion  of  true 
MNiV  ancfeatod  in  ft  phrue,  wm,  thjit  the 

I     ndMsand  f«sulu  of  it  bear  the  imprefts 

^^  gwdlade  or  ecrtminty.'* 

^^m  Ifow,  Dothing  U  more  certain  than 
^^Bbt  va  ecB  nerer  arrire  at  what  Na- 
^Mllt  itallj  it  except  througli  the  path- 
taf  «*f  "  what  Katuje  may  he  iuppaed 
kh,^  All  acicnce  begins  with  finesses 
«iati^)eet«rM,uid  itamott  valid  laws 
««»»  ai  ftrst  but  auppositious.  The 
MliiM>a  tf  which  scientific  truth  ia 
Qcceaaarily  involv-ea  suppo- 
lo  which  it  has  been  applied^ 
yiMo  have  to  bo  gradually  con> 
[;  lii^ee,  if  exactitude  is  demand- 
fi  it  IIm  MilaeL  all  adenoo  becomes 


Ta  grt  ii  tli«  Ml  beanog  of  thia 
wa  quote  the  oriizrioal  passage 
in  the  reviAcd  addreea  of 
I  al  UieTyndall  Banquet 

I U  exact  And  eertJimi  and  suthor- 

»  dealtnuf  with  f^ctM,  and  the 

flodrdtjiation  of  fucu  only.    She 

VAdar  awfty  Into  the  void  iniine. 

iklaf  lo  do  wilh  quentlona  of  pri* 

\  at^fts,  nor  of  aatiroaie  daetinlee ;  not 


bccaote  they  are  unimportant  ^aeations  or 
tneoiublef  but  because  they  tr&nscend  her 
inatrumonte  and  her  methods.  Yoa  cannot 
measure  love  by  the  bushel,  as  the  ebildren 
aay;  you  oaonot  catch  fancy  in  a  forceps 
to  analyse  ite  elements;  jou  cannot  fuse 
thought  in  a  crucible  to  detect  what  may  bo 
dross,  and  what  aouud  meta]/* 

We  think  that  Mr,  Godwin  here 
lends  countenance  to  a  prevailing  fal- 
lacy. Scieoce  is  perpetually  bidden  to 
Iceep  within  her  sphere,  and  the  popu- 
lar notion  of  her  ephero  ia  that  of  ex- 
perimentation. To  most  people  the 
word  science  connotes  physical  or  ex- 
perimental science.  On  this  tacit  tts- 
Humptlon  Mr*  Godwin  declares  that 
cubic  measure,  forceps,  and  crucibles, 
are  not  applicable  to  love,  fancy,  and 
thought.  Most  true ;  but  will  he  main- 
tain that  these  are  therefore  not  ame- 
nable to  scientific  scrutiny?  As  we 
understand  it,  science  is  a  knowledge  of 
the  const itntion  of  things ;  of  the  uni- 
formities  of  the  phenomena  of  Nature* 
Whatever,  in  the  universe  around  us, 
or  in  the  world  within  us,  is  open  to 
cognition,  which  con  be  examined  and 
known,  and  reexamined  and  verified, 
is  the  proper  subject-matter  of  science, 
and  the  term  la  applied  lo  all  the  knowl- 
edge that  has  been  arrived  at  in  this 
way*  An  emotion  may  be  analyzed 
and  understood  as  well  as  a  mineral. 
Love,  fancy,  and  thought,  cannot  be 
subjected  to  laboratory  processes,  but 
they  may  be  known  in  their  laws  and 
relations  as  mental  phenomena,  and  in 
this  aspect  they  belong  as  strictly  to 
acienoe  as  metals  or  gases.  That  they 
cannot  bo  weighed  makes  no  difference, 
because  exactness  is  not  the  criterion 
of  science.  Mr.  Godwin  asks.  Where, 
then,  does  the  inexactness  come  in  ?  To 
which  wo  reply^  wherever  the  instru- 
ments^ by  which  exactness  is  reached, 
are  inapplicable,  or  can  only  bo  imper- 
fectly applied*  The  best  criterion  of 
science  is  derived  from  the  fact  of  or- 
der and  unifiirmity  in  Nature  hy  which 
one  thing  implies  anothefi  and  wo  in- 
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fer  from  what  liaa  been  what  will  be 
again.  It  is  prevmony  that  is,  euch  a 
percoptioDi  of  the  propertiea  and  rela- 
tions of  things  OS  will  enable  na  to  8«o 
bcforthand  what  effects  will  be  pro- 
duced in  different  times,  places,  and 
circumstanced.  PhenomeDa  that  elade 
measurement  may  yet  occur  with  snch 
regakrity  as  to  be  foreseen  with  cer- 
talDty,  There  is.  In  fact,  a  qoalitatire 
Bcience  which  precedes  quantitative,  for 
properties  must  bo  known  before  they 
can  bo  measured,  but  the  test  of  pre- 
vision applies  to  the  lower  or  (jualita- 
tive  stage  as  well  as  to  the  higher. 
Because  biology,  psychology,  and  soci- 
ology are  not,  and  never  can  be,  exact 
sdences,  is  therefore  no  reason  for  im- 
pugning their  results  as  untrustworthy 
or  without  authority. 

We  quite  agree  with  Mr.  Godwin 
that  Scieoce  is  inexorably  shut  up  in 
the  finite  and  the  pheuomenai  —  the 
sphere  of  relation  and  law:  but  she 
must  have  the  liberty  of  the  whole  do- 
main, ^or  do  we  think  there  is  much 
danger  of  Science  wasting  her  euergies 
in  trjing  to  transcend  these  bounds, 
for  she  has  plenty  to  do  to  get  even 
partial  possession  of  what  confessedly 
belongs  to  her.  She  has  won  her 
ground,  inch  by  inch,  by  hard  fighting 
from  the  beginning,  and  even  yet  it  Is 
conceded  to  her  only  in  name.  Every- 
body will  admit  that  it  is  the  right  of 
Science  to  inquire  into  all  changes  and 
effects  in  physical  Nature,  Yet,  for 
auggesting  that  a  given  class  of  alleged 
physical  effects  be  inquired  into  in  the 
same  manner  as  are  other  effects,  Prof, 
Tyndall  has  been  posted  through  Chris- 
tendom as  a  blasphemer.  Mr,  Godwin 
yields  to  Science  the  realm  of  the  finite 
and  the  relative,  and  in  the  same  breath 
he  speaks  of  the  relations  of  Mozart  to 
the  laws  of  music,  and  of  Shakespeare 
to  the  laws  of  the  human  heart,  as  ex- 
amples of  the  trans-phenomenai  But 
we  thought  laws  and  relation  a  had  been 
made  over  to  science.  No  reservation 
will  her©  be  tolerated.    Science  is  pro- 


viding for  its  ever-increasing  army  of 
research  through  a  long  future.  Half 
a  thousand  years  have  been  spent  m 
getting  on  the  track ;  another  thousand 
will  suffice  to  get  under  headway;  she 
stipulates  now  only  for  room.  Her 
sphere  is  the  finite,  but  the  nebulosities 
of  ignorance  must  not  be  mistaken  for 
the  walls  of  the  infinite.  If  mystics 
will  lose  themselves  in  the  tangled  re- 
cesses of  unresolved  phenomena,  they 
canst  expect  to  be  hunted  out  and  have 
the  place  reclaimed  to  order  and  an- 
nexed to  tlje  provinces  of  all-harmon- 
izing law.  Nor  can  any  pretext  that 
they  are  nested  in  the  unapproachable 
essences  and  subtleties  of  being,  and 
ensphered  in  the  absolute,  and  guarded 
by  cunning  sphinxes,  avail  them,  Tbft 
thing  must  ineiorably  be  inquired  ol 
It  is  the  destiny  of  Science  to  pierce  the 
unknown ;  if  her  spear  is  blunted  upon 
the  unknowable,  she  will  of  course  ac- 
cept the  results  of  the  experiment 

But,  though  scientists  are  hopelessly 
closed  in,  Mr.  Godwin  does  not  despair 
of  others  getting  out,  and  he  asks:  **Ii 
thought,  whose  expatiations  are  so  rest- 
less and  irrepressible^  to  be  forever  shut 
up  to  the  x^henomenal  and  relative  f 
la  it  to  bo  forever  stifled  under  a  bushel- 
measure,  or  tied  up  by  the  legs  with  a 
surveyor's  chain  t "  But  the  phcnom* 
enal  and  the  relative  go  a  great  way*. 
Mr,  Godwin  talks  as  if  "GcmI's  mettS' 
ureless  world  ^*  were  a  stifling  prison. 
We  have  been  reminded  that  **  KstuM 
ts  a  prodigions  quantity,**  and  we  if« 
so  strongly  impressed  with  tlds  truth 
that  we  do  not  like  Mr.  Godwin's  U|- 
ure  of  a  "  bushel-measure  *'  to  symbd* 
izo  its  extent,  any  more  than  wc  lik* 
his  favorite  figure  of  "  mud  "  to  srtn* 
holize  its  quality.  As  to  his  quej«tioii 
whether  thought  is  to  be  tied  by  lbs 
legs  with  a  surveyor's  chain,  we  susp^ 
that  It  is  ^^  tied  ^*  by  something  a  good 
deal  stronger  than  that :  namclr,  by 
the  laws  of  its  own  nature,  lU  U 
skeptical  about  the  science  of  psycltol- 
ogy,  and  asks  for  its  agrcotnents.    Tlw 
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i<m  ire  are  now  ooasidoiiD^  maj 
%6  takctt  09  an  example.  It  is  prettjr 
well  ^greet)  bf  the  ktest  Bohaols  that^ 
as  llie  uniTwaa  eziaU  in  relations,  m 
tiuNi^t  is  canied  on  m  relntions,  and, 
bj  ki  Terj  constitadon,  cannot  tran- 
M«iid  them.  It  ia  agreed  that  aa  id  a  sic 
in  all  tu  inexliaiifldblo  catnplicationa  is 
H^H^BBadii  ap  bjT  the  eombinatioa  of 
^^^|B  WBFe^poUea,  bo  inteUigeDce,  in 
^^^^Se  rango  of  its  complications,  is 
^^Bad<>  up  of  the  combination  of  per- 
eetred  relations;  and  we  might  aa  well 
talk  of  the  higher  exploita  of  mnsico) 
an  aa  transcending  the  yibratioDs  of 
vUali  the/  are  eonstitated,  as  of  the 
^reidess  aicpatiatioQs  ^^  of  thought  tran  - 
mrniflTig  the  relations  of  which  mind 
b  eoikiiitatcd.  Sir  William  llamtlton 
il  Itkt  aaibnrlty,  and  he  sajs :  *^  Llmi- 
mioQ  is  the  fundamental  law  of  the 
iQi^bilitj  of  lb  ought.  For,  as  the 
pvfhxmsiA  caimot  ontdtrip  his  shadow, 
bar  Uie  Mi|^  oatsoor  the  atmosphere 
ia  wbicb  bo  floats,  and  b/  which  alone 
bsm^  be  fopported ;  ao  the  mind  can* 
mt  traasccud  that  sphere  of  limitation 
withiii  and  through  which  excluslvolj 
tbs  poflubiiit/  of  thought  is  realized," 
We  therefore  fear  that^  should  aof 
iiraotiirer  break  bounds  on  a  winged 
Wscy  aad  take  his  filght  through  the 
ii^*|ihaaoiiienal  tracts,  the  tidings 
woold  prove  altogether 


Mr,  Godwin  says;  "Am  I  to  infer 
Sntt  xovr  objoctlocs  to  my  remarks 
llbl  Tin  PoptTLUt  8cmyca  Montult 
nat^mdlsm,  atheism,  and  natn- 
to  \m  the  legitimate  ootcome  of 
[^  Exactly  the  contrary,  TVe 
^  Qol  baliere  that  the  legitimate  out- 
MBa  af  acksiea  is  materialism  or  athc- 
In^  aad  our  attempt  was  to  show  that 
Miiiii  pfoblmia  and  procedures,  which 
Mu  Godwui  doclarod  to  bo  spurious 
id  obnoxioQi  to  these  charges, 
§mvki^  science,  and  not  obnox- 
totb«ra.  MTa  objected,  in  order  to 
a  portion  of  science  from  an  ss* 
•  charge  to  wUkb  aU  adcnce  is 


equally  liable.  Bilchner  may  be  a  ma- 
terialist, and  Comte  an  atheist,  and 
Taine  may  be  both,  although  it  does  not 
fallow,  because  he  affirma  the  correla- 
tion of  mind  with  nervous  motion,  that 
he  is  either.  What  nioved  us  to  pro- 
test was  the  gross  injustice  of  branding 
Mr,  Speneer^B  expositions  of  the  doc- 
trine of  Evolution  as  sham  science,  and 
then  loading  it  with  the  opprobrium 
which  it3  associations  and  the  argu- 
ment implied.  Of  Spencer's  system, 
Mr,  Godwin  says,  on  his  own  and 
higher  authority,  that  it  is  ^*fQll  of 
unsupported  assumptions,  logical  in- 
oonsistencies,  and  explanations  which 
explain  nothing,  while  in  its  general 
character  it  tends  to  the  sheercfjt  natu- 
ralism." We  do  not  deny  that  it  con- 
tains defects — it  would  be,  indeed,  sur- 
prising if  so  vast  and  original  a  dis- 
cussion did  not ;  but  to  say  that  it  is 
*'full"  of  the  vices  alleged,  or  that 
they  characterize  it,  is  a  reckless  ex- 
aggeration. As  a  sot-ofF  to  this  opin- 
ion, we  refer  the  reader  back  to  page 
32,  where  he  will  find  the  latest  esti- 
mate of  Mr.  Spencer's  philosophy  by  a 
man  who  is  an  authority  upon  the 
question  be  discusses. 

As  to  the  religious  *4endencie8 '*  of 
the  system,  although  they  are  charged 
with  being  all  that  is  bad,  and  allhotigh 
the  charge  would  undoubtedly  be  sus- 
tained by  a  popular  vote^  we  are  of 
opinion  that  it  ia  bound  to  be  very  dif- 
ferently viewed  in  the  future.  Mr. 
Spencer  is  a  profound  believer  in  re- 
ligion, and  at  the  very  threshold  of  his 
system  ho  has  shown  the  ultimate  bar* 
mony  of  science  and  faith.  Yet  he 
has  not  tried  merely  to  patch  np  a 
transient  truce  between  religion  and 
science;  but,  foreseeing  the  intenser 
conflicts  that  are  inevitable  as  science 
advances,  ho  has  labored  to  place  their 
reconciliation  upon  a  basis  that  no 
extension  of  knowledge  can  disturb. 
When  the  method  of  science  is  raised 
to  its  rightful  supremacy  in  the  human 
mind,  and  the  rule  of  science  ia  rocog- 
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sueed  as  Btiprcme  tbrougboEt  ilie  sphere 
of  the  phenomena],  and  wlien  the  dis- 
traction a  of  theology  become  nnbenr- 
aMe,  it  will  then  be  found  that  Mr. 
Spencer  has  proved  tlint  seiencCi  so  far 
from  being  ita  destroyer,  is  itself  the 
promoter  of  tlio  profoundest  faitli, 
while  the  ccDtral  truth  of  all  religion 
is  saved  to  humanity,  Malignant  zeal* 
ots  will  probably  continue  to  aeerote 
their  vitriolic  criticism,  asi,  if  stopped , 
they  would  probably  die  of  their  own 
acridities;  but  thcro  are  not  wanting 
indications  that  many  religious  men  of 
condor  and  discernment  are  already 
recognizing  tlie  clnims  of  Mr»  Spencer^s 
system  upon  the  serious  consideration 
of  their  class.  For  example,  a  late 
number  of  the  Nonex^nforr^iut^  the  or- 
gan of  the  English  dissenters,  and  an 
ortliodox  paper  of  high  iniiuence,  says 
of  Spencer:  "  He  is  not  an  idealiatj  nor 
is  he  a  materialist.  Like  Goethe,  lie 
believes  that  man  is  not  born  to  solve 
the  problem  which  the  universe  pro- 
^nts/'  Yet  the  writer  holds  his  views 
to  he  of  very  great  importance,  and 
speaks  of  it  as  **  an  importance,  in  our 
opinion,  so  great,  that  the  future,  not 
only  of  Engl i ah  philosophy,  but  of  prac- 
tical theology,  will  be  determined  by 
its  acceptance  or  rejection." 

As  for  onrselves,  differing  widely 
from  Mr.  Godwin  in  hia  estimate  of 
Spencer's  system  of  philosophy,  wo 
record  onr  opinion  that^  as  it  becomes 
more  fully  known,  it  will  be  recognized 
as  an  unequalled  performance  in  its  rig- 
orous eon  form  itj  to  scientific  method^ 
and  as  the  first  grand  alliance  of  sci- 
ence and  philosophy  \  that  it  will  exert 
an  all-reconciling  influence  upon  the 
chaos  of  doctrine ;  that,  while  baaed 
upon  progress,  it  will  prove  fiowcrfuUy 
conservative,  and  will  leave  all  other 
systems  behind  in  ita  value  for  guid- 
ance, both  to  the  indiddual  and  the 
state*  We  believe  that  the  time  ia  not 
greatly  distant  when  even  theologians 
will  seek  it  as  a  shelter  against  the  ris- 
ing tide  of  ^* materialism'*  and  **albe-  i 


ism ; "  and,  finally,  wo  predict  that| 
if  Mr.  Spencer  lives  to  complete  his 
"Principles  of  Sociology,*'  with  the 
accompanying  tabular  scheme  of  ''^  De- 
scriptive Sociology/*  that  which  Mr, 
Godwin  soys  is  now  only  a  "hope" 
will  become  an  assured  and  authori- 
tative scieneis — which  is  certainly  one 
of  the  most  immmeDt  desiderata  of 
civilization. 
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EDtrcATioN  m  Japan.  A  P*ri<?9  of  liettcrt 
Addrofiied  by  Fronniuent  Americana  to 
Arinohi  Mori.  Kew  York:  D.  Apple- 
len  k  Co,,  1B78.    25!^  pnges- 

Akd  now  JapsD  comes  forward  to  con- 
found the  theories  of  publicists,  and  give  a 
new  problem  to  political  philosophers.  An 
aiieieut  Oriental  nation,  with  a  bislory 
Btrctchiug  over  2,B00  years,  and  cUimiag 
the  oldest  dynasty  in  the  world,  containing 
34,(XiO,000  people,  and  whiuh  baa  long  been 
ehut  out  from  the  world  by  its  exclusive 
gystem,  now  throws  open  its  gates  to  inter- 
course with  other  nations,  and  raisea  the 
great  question  as  lo  how  it  may  best  ac- 
quire the  highest  benefits  of  civilisation. 
Its  youths  are  aeut  away  to  be  edacated 
(there  are  some  300  In  this  country), 
and  learned  foreipieni  are  sent  for,  thit 
the  modem  arts  and  sciences  may  be  ojc- 
qulred,  utid  there  ore  even  IndtcatioDS  that 
this  proud  and  exclusive  people  meditate 
a  change  of  language,  and  the  adoption  of 
Englii*h  in  place  of  their  native  speech. 
The  Japanese  envoy  at  Washington,  Mr. 
Arinori  Mori,  a  liberal  and  wi;Il-educated 
young  gentleman  twenty  Beven  years  of  ofe, 
has  addressed  a  circular  letter  to  a  large 
number  of  the  difitrngui^^ihcd  men  of  this 
country,  aslting  their  views  and  advice  as 
to  how  the  Japan CBO  con  best  gain  Uic  ad-- 
vantagea  of  education,  free  commerce,  and 
enlightened  Industry,  and  best  improve  the 
sociul,  moralf  and  physical  con di lion  of  the 
Japanese  people.  The  present  volume  em- 
bodies the  replies  which  he  received  from 
Presidents  Woolscy,  Steams,  Hopkins, 
MeCosh,  Eliot,  Profs.  Beelyc,  Henry,  Mur- 
ray, Nortbrup,  Whitney,  the  Kev.  O.  Pe- 
rinchief,  and  the  llonorables   G,  S,   Bout^ 
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vtU,  J.  A.  Garfield,  aad  Mr.  Peter  Cooper. 

Tbeirrepllei  are  not  onlf  mteresting  as  fui^ 
niiMfig  Uie  mformatioD  required  for  Us 
pnetifal  objects,  but  they  are  also  interests 
i«|itilliiBlratuif  the  waj  American  schotar- 
•Up  etq^^es  with  this  Dorel  and  curious 
i««iolagieal  problem.  Mr.  Mori  has  pre- 
pand  u  iatroducttoD  to  the  Tolume,  giving 
u  blitorical  sketch  of  Japan,  and  some  sc- 
(ttiot  of  the  prcjteut  couditiou  of  its  goTera* 
ant,  rtUgioo,  Ungua^  aud  people. 

i^inuiB  OF  Tsi  UanPABT  Oroajts,  in  chid- 
iur  Striclure  of  the  Urethra,  Afiectlons 
of  the  Prostate,  and  Stone  in  the  Blad- 
der, By  JoHM  W,  a  GoutST,  M.  D. 
With  One  Hundred  and  Three  Wood 
Eufrrmriugs.  New  York :  William  Wood 
k  Co.,  1878. 

Ajud  the  flood  of  medical  works  an- 
Boallv  poared  out  for  the  doctor^s  guidance, 
il  If  a  pleasure  to  find  occasloaatly  one  that 
deala^  In  a  clear  and  straightforward  waj, 
with  the  aubjoct  in  hand,  and  ia  not  encum- 
bered with  the  endless  theories  and  specu- 
ktioQS  of  whieb  medical  writers  arc  so  pro* 
lifle.  The  book  before  us  is  one  of  these 
exeeptioaal  productions  in  medical  litera- 
ture. It  U  in  no  sense  a  compilation,  but 
erahoiiei  the  results  of  an  extended  erpe- 
rkoioe,  both  in  prirate  practice  and  in  the  I 
bovpitab  of  this  cltj.  Yet,  while  thus 
mainlf  founded  on  personal  observation, 
the  elaims  and  teachings  of  the  many  emi- 
wmv  mem  who  hare  Ulustrated  this  depart- 
ineitt  of  tfargery  ha?e  not  been  orcrbokcd^ 
The  ftci&hor  does  not  tmdertakc  to  go  over 
the  vhok  of  this  important  department  of 
mfldieioei,  but  modestly  limits  himself  to  a  few 
of  ihc  gnifer  surgical  affections  of  the  male 
ocinarj  orgaai,  giiring  the  pathology,  din- 
ioal  history,  «iid  irefttment  of  each,  with  full 
aftd  cxfiiloit  diroetlons  for  the  various  op- 
«fmiiof»  Inrotred,  Whenever  the  use  of  lu- 
•tnoMntt  is  called  for,  ho  urges,  with  cm- 
pkatie  eamestoctss,  the  necessity  for  the  ut- 
mmi  eaf«  in  their  employment ;  and  this,  lo 
Ont  mlttds,  it  not  the  least  valuable  feature 
of  Iho  book,  since  U  is  wcU  known  that 
thoio  and  other  diseases  are  often  seriously 
a^gravatod,  and  not  unfrequently  put  be- 
jmA  iIm  rtteh  of  cure,  by  the  bungling 
flUMilpdblioBis  of  over-confident  and  care- 
\tm  opcfmloriL  Dr,  Gouley's  abililics  as  a 
pnctltloiier  are  unquestioned,  bis  success 


as  a  teacher  has  also  been  amply  proved, 
and  the  present  work  gives  evidence,  both 
la  matter  and  style,  that  he  ts  entitled  to 
rank  equally  high  as  a  clear  and  itistnictlve 
writer. 

The  MicKOflcopi  juto  HioftoocoficAL  Teich- 
noLOOT.  A  Text-Book  for  Physicians 
and  Students.  By  l>r.  Hi^insich  Fhet. 
Traniilated  from  the  German,  and  edited 
bv  George  R.  Cutter,  M.  D.  New  York  v 
William  Wood  k  Co.,  1872. 

Wx  welcome  the  appearance^  in  an  Eng^ 
lish  dresSf  of  Prey's  excellent  work.  It 
covers  a  far  wider  field  than  Martina's  book, 
noticed  in  a  recent  puiuber  of  Tms  PopijLiji 
SciiNCB  MoNTHtT  ;  iudecd,  the  entire  sub- 
ject of  microscopy  and  microscopical  luetru- 
moots  is  treated  by  Dr.  Frcy.  The  atithor 
devotes  one-third  of  his  work  to  the  descrip* 
tloQ  of  microscopic  ioatrumefiis,  the  testing 
of  them,  and  their  uses.  To  the  section  on 
**  Testing  the  Microscope,*'  the  translator 
appends  a  few  pages  of  original  matter,  ^"^ 
log  the  history  of  microscope -manufacture 
10  the  Uuitcd  States*  He  shows  that  micro- 
scopes of  American  manufacture  posaesa  all 
the  exccDences  of  foreign  instruments,  plit* 
certain  mechanical  simplifications  the  prod- 
uct of  American  inventive  genius. 

The  "Preparation  of  Microscopic  Ob- 
jects'*  baa  nearly  250  pages  devoted  to  its 
treatment.  This  b  a  very  important  branch 
of  the  ttchniqat  of  microscopy,  and  the  stu- 
dent will  find  here  all  the  practical  directions 
he  needs,  derived  from  the  experience  of  the 
most  eminent  microscopists.  The  purpose 
of  this  portion  of  the  work,  aa  also  of  the 
section  on  **  Mounting,"  la  to  save  the  student 
countless  mortifying  failures.  Every  micro- 
scopist  may  discover  for  his  own  use  the 
beat  proccsses-for  preparing  and  mouotin^ ; 
but  the  dme  m  spent  is  better  spared,  and 
devoted  to  practical  investigation.  The 
work  of  the  miorosooplst  is  at  all  times  ex* 
ceedingly  labonous,  requiring  a  degree  of 
patioQCie  and  application!  that  is  almost  io- 
crediblo.  The  author  aims  in  this  part  of 
bts  book  to  smooth  away  some  of  the  diM- 
eulties  attending  the  first  approaches  |o 
this  fascinating  study  ;  but,  if  any  diietianta 
expects  to  find  here  a  royal  road  to  micro- 
scopr,  ho  will  be  most  assuredly  disap- 
pointed. Of  this  branch  of  knowledge,  It  Is 
preeminenlly  true  that  only  by  hard  work 


: 


ISS 


THE  POPULAR  SCIENCB  MONTHLY. 


can  any  progrcu  be  mode.  Thid  portion  of 
the  work  is  of  high  yalue,  and  tbu  informa- 
tion it  contains  ia  nowhere  else  accessible, 
at  least  in  the  EogliBh  langyage. 

The  remaining  400  pages  arc  devoted  to 
explaining  the  modo  of  inveatigsting  the 
fluids  and  tissues  of  organisms,  etc.  The 
author^s  mothod  here  ia^  first,  to  ascertiuo 
the  normal  conditions  of  tissues^  organs,  etc,, 
and  then  to  study  diseased  conditions,  the 
pathological  struct uro  alrays  more  or  less 
repeating  the  normals  As  lar  as  we  have 
had  an  opportunity  of  jtidg^ing,  the  trans- 
hitor^fl  work  appeara  to  be  well  done. 

The  BiPTBS  or  thi  Ska,  By  C,  Wttilli 
TnowsoN,  LL.  D.,  etc.  'London  and 
New  York:  Macmllkn  k.  Co.,  1873, 

CiRTaiX  new  and  very  interesting  re- 
sults, in  regard  to  the  distribution  of  life, 
UaTe  been  arrived  at  within  the  last  few 
joars,  by  dredging  the  bottom  of  the  sea. 
Twenty  years  ago  it  was  believed  that  at 
ceitain  depths  the  greatiicsa  of  the  pressure^ 
the  loWDeas  of  the  temperoture,  and  the  de- 
fldenoy  of  light  and  aeration^  made  it  impos- 
sible for  life  to  subsist.  The  alleged  cases  of 
living  creatures  being  drawn  up  from  these 
great  depths  were  dlscFLHlited.  The  opera- 
tions of  cabie-laying  and  cable-raising  have^ 
however,  increased  our  familiarity  with  the 
bottom  of  the  sea,  and  the  improved  ma- 
nipulations have  been  turned  to  account  In 
exploring  its  life.  The  ref»uU  was,  tho  es- 
tablish tnent  of  the  truth  that  there  is  an 
order  of  life  belonging  to  the  sea-bed  in  the 
profound  abysess  of  the  ocean.  The  rec* 
ognition  of  this  fact  led  to  systematic  at- 
tempts to  carry  on  dcep'Sca  explorations. 
In  1868  the  steamer  Lightning  was  placed 
by  the  British  Government  at  the  disposal 
of  Dr.  Carpenter  and  Mr.  Wyvillo  Tbomp- 
aon  for  the  express  purpose  of  sub  marine 
NMfttch,  and  the  Porcupine  was  afterward 
Msigned,  for  a  more  extensive  scries  of  snr- 
Teys,  to  the  same  gentlemen,  with  the  addl^ 
tion  of  Mr  Gwrn  Jeffreys,  in  the  summers 
of  1869  and  1870«  In  the  first  of  these 
cjniises  the  greatest  depth  reached  was  1,^013 
fathoms,  but  in  the  second  they  went  to  the 
depth  of  2,5tM)  or  3,D0Q  fathoms.  The  pres- 
ent volume  is  a  record  of  the  results  attained 
in  these  expeditions.  It  gives  an  account 
of  the  apparatus  and  Instrumenta  employed, 


of  the  forms  of  organization  discovered, 
and  much  infonnatlon  regarding  the  physics 
of  the  ocean,  It  is  splendidly  lltuatrattfd 
and  popularly  written,  with  much  humor, 
and  tho  treatment,  Like  the  subject,  is  any 
thing  but  dry;  it  is  a  volume  altogether 
worthy  the  interest  and  kaportancc  of  its 
sut»}cet. 

Ya5  KosmiJtD's  Eclectic  EKOiKEntixa 
Maoazixe.  New  York:  P,  Von  Nos- 
trand,  23  Murray  Street 

Wi  call  the  attention  of  roechanict,  en* 
gineers,  manufacturers,  and  scJcntlBc  stu- 
dents, to  this  able  and  valuable  periodical, 
now  In  its  eighth  volume.  It  treats  <kf  Ute 
applications  of  science,  eonstrnctiona,  leait- 
ing,  and  technical  processes,  and  giTcs  the 
solid  literature  of  these  subjects  from  all 
sources.  It  Is  edited  with  excellent  dis* 
crimination,  and  the  bound  volumes  of  ilio 
series  wotild  form  a  most  useful  cyclopirdia 
of  recent  authentic  information  upon  the 
subjects  to  which  it  Is  devoted, 

HisToaicAL  BTjLTCifEKT  or  TR£  Brsrvi^se 
Asn   Condition   or  th£  Mutcal  Luk 

IXBUAANCS     COMFAWT,    Of     KeW     ToiS, 

FOE  TniBTT  Ykaes,  moM  184^  to  1872. 

Tus  company  did  well  to  state,  in  tbt 
beginning  of  thlit  pamphlet,  that  its  mailer 
is  important ;  smee,  owing  to  the  style  iB 
which  it  is  presented,  few  will  be  likely  lo 
discover  that  fact  In  any  other  way.  Its 
contents  are  put  in  the  shape  of  a  fae> 
simile  of  the  original  statement,  signaiufes 
and  all,  a  form  to  which  probably  n<^  em 
In  a  hundred  will  attach  any  special  ralm^ 
and  that  involves  a  useless  wa^te  of  liiat 
and  patience  on  the  part  of  the  reader. 
What  policy  bolderi  and  the  public  want  li 
clear  and  explicit  information  that  U  readHf 
accessible,  and  this  appears  to  be  juJt  whit 
the  insurance  companies  are  unable  or  tm* 
williDg  to  furnish. 

Htgiski  :  a  Fortnightly  Joum  al  of  Saniivy 
Science.  New  York;  Putzuun*  Two 
dollars  per  year. 

This  is  a  publication  that  was 
needed,  for  the  first  of  aU  our  interesta,  ^ 
of  health,  is  the  one  concerning  which  | 
pie  are  most  careless  and  indifferent.  Il  ii 
amazing  the  amount  of  ignorance  di^playid, 
even  by  cultured  people,  wicb  regard  to  ths 
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,  eriffoot  precepU  of  Banrtarj  pnidence* 

[  win,  DO  doabt^  do  &  good  work 

Aog  to  diiniao  ftbroftd  sometUing  Like 

[  Ticirf  aa  to  Ibc  cotidttiona  of  kMlih, 

Nodical  has  nothing  directly  to  do 

Llcine,  nor  wQl  it  attempt  to  make 

of  Us  re«,dcrB.     Mypifne  \a  hAtid- 

-  printed  and  carcfullj  edited. 

MISCELLANY. 

gflif  Shtmtft  to  Uie  TTl^kt  of  IVOTev- 
lir  ft|  I9t% — In  all  qomrtera  of  tho  hcav- 
CBi^  toj9  an  ootroncxnicftl  periodtcol,  the 
M/ifmfW  Bki  mmui  is,  the  meteors  were  yery 
WBBBr99mt  gjpnrliUy  in  the  Southwest  and 
Ike  KeciliQftst,  An  obserrer  looking  tow- 
ui  ths  South  coontcd  within  54  mmotes, 
MCB  alter  oeren  p,  il^  700  meteors ;  another 
ihiii  rtir  807  foeteors  in  40  minutes,  Be- 
laoai  ti^l  mad  nine  oVlock  8J>9  meteors 
ovt«o«i16d  in  43  minutes,  304  in  19  mm- 
it«  between  ntM  *nd  ten  o'clock,  291  in 
10  flttOtttes  between  ten  and  eleren  o'clock. 
5ow,  at  the  oboerrer  could  rlew  about  one- 
fvmh  eCtbe  boftven?,  md  as  orcr  20  mete- 
m  per  nlantc  were  obscrred  at  about 
is^i  <i*clock,  we  most  set  down  the  Dum- 
Wr  hflln;  b«tweea  seTen  and  eight,  and 
I  el^t  and  nice,  at  6,000  per  hour, 
phru'ioitfnoa  began  to  fail  at  ten  o^ciock, 
that  h<mr  and  eleren,  only 
»re  fcU.  About  one-«ixth  of 
I  were  brighter  than  stars  of 
L  Bftgnitode,  and  many  of  them  M\ 
ifnki  wbSeb  wms  Inmtnous  for  several  see 
His.  1W  Bia|oHtj  of  them  were,  however, 
terem  Ike  aeeood  and  fourth  magnUudes. 
b  mAm  noo  of  them  wore  yellow,  though 
MOO  wm  greeiv  tome  blue,  some  rod ; 
te«  tf  fcebter  lustre  were  white.  Prot 
<kA%  of  B^velav,  and  Prof.  IQinkerfues,  of 
in  attributing  this  meteor- 
eting  of  the  earth  with 
"Without  doubt,"  writes 
I  consist  of  scat- 
of  Dlda'a  comet,  meeting 
eooel  In  Its  septeDnial 
i  point  In  ItJ  career  in  the 
ober,  and  was  at  its  perl- 
of  Ootober.  Bchia- 
4Utf9wwff  of  the  coancetioa  be- 
aa«tt  wood  ttMsofie  sbofrera  that 
1 1Mb  aooflfflnatlofi.'* 


to  Ihe  neeti 


iiOfttikwo* 


Professor  Igassli's  School  of  NAtinl  His- 
tory.— This  establishment,  which  was  at 
first  designed  for  Nantucket,  but  Ia  dow  hi* 
tended  for  Peuikc^e  Island,  had  the  follow- 
ing programme  of  subjecta  and  instruc- 
tions : 

"  1,  Zoology  in  general,  and  embryol- 
ogy of  the  Tertebratcs,  by  L.  Agassiz,  Di- 
rector of  Museum.  2.  The  extinct  anim&ls 
of  past  ages  compared  with  those  now  liv- 
ing, and  the  methods  of  identifying  them, 
by  N-  S.  Shalor,  Professor  of  Paleontology 
at  the  Lawienoe  Scientific  School.  8.  Com- 
parative anatomy  and  physiology  of  the 
vertebrates,  by  Dr.  B.  0.  Wilder,  Professor 
of  Anatomy  and  Physiology  at  Comtll  Uni- 
versity, Ithaca,  K.  Y.  4.  The  animals  and 
plants  living  id  deep  waters,  and  the  pecul- 
iar conditions  of  their  existence,  by  L.  i\ 
de  Pourtales^  of  the  United  States  Coast 
Survey,  tt.  Embryology  of  the  radiates,  by 
A.  Agaasiit,  of  the  Museum  of  Comparative 
Zoology,  6.  Natural  history  of  embryology 
of  the  moUusks,  by  Prof,  E.  S.  Morse,  of 
Salem.  7.  How  to  make  biological  collee^ 
tions  illustrative  of  the  history  of  insects 
injurious  to  vegetation,  by  Dr.  IL  A.  Ha- 
gen,  Professor  of  Entomology  at  Darvard 
University.  8.  Natural  history  and  embry- 
ology of  the  articulates,  by  Dr,  A.  8.  Pack- 
ard, Jr,  Curator  of  Articulates  at  Peabody 
Academy  of  Science,  SaleDO^  and  Lee tu ret 
on  Entomology  at  Bowdoin  College.  U. 
Natural  history  of  the  fishes  and  reptiles^ 
by  F.  W.  Putnam, -Director  of  Museum  of 
Peabody  Academy  of  Science,  Salem,  and 
Permanent  Secretary  of  the  American  Asso 
ciation  for  the  Advancemeut  of  Science 
10,  Natural  history  of  birds  and  mammals^ 
by  J.  A.  Allen,  of  the  Museiim  of  Compnra 
tivo  Zoology.  1 L  On  breeding,  and  nests 
and  eggs  of  birds,  by  Dr.  Thonms  W.  Brew- 
er, chairman  of  Committee  on  Birds,  Nests. 
and  Egg^,  of  the  Boston  Society  of  Natural 
History.  12.  Practical  excrcbes  in  the  use 
of  the  mlcroseope,  by  Mr.  Bicknell.  13. 
Instruction  in  drawing  and  painting  of  an! 
mak,  by  Paulns  Roetter,  Artist  at  Museum 
of  Comparative  Zoology.  14.  On  the  pres- 
ervation of  our  sea-fisheries,  by  Prof.  Spen- 
cer F.  BAird,  United  States  Comraisaioner 
of  Fisheries,  and  Assistant  Secretary  of 
Smithsonian  Institute*  15.  On  lieih-breed' 
ing,  by  Tbeo.  Lyman,  of  the  Museum  of 
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GompanitiYe  Zoologj.  16.  The  f&una  of 
the  North  AtUnlic,  compared  with  one  an- 
other, ftud  with  that  of  other  pnrta  of  the 
world,  bj  Prof.  VerrilL  17.  The  plant*  of 
the  Bea,  by  Prof.  K&ton.  18.  Tho  phrtiici 
of  the  sea,  by  Prof.  Joseph  LoTcring,  Pro- 
ft'Sfior  of  Natural  Philosophy,  Hairard  UdU 
versity,  19,  Physical  hydrography,  by 
Prof.  Mitchell,  of  the  UQited  States  Coast 
Surrey.  20.  Chemistry  of  feeding  and 
breathing,  by  Prof.  W.  Gibhs,  Rumford- 
profeaaor  of  Physica,  Harvard  UniFcraity. 
21.  Chemistry  of  the  sea  and  olr^  by  Prof. 
Jftinea  Crafta,  Professor  of  Chcmiglry  at 
the  Bo«toa  Technological  Inatjtute.'* 

The  Caises  of  Tn>hiSi — Ar  c^usca  pre- 
diaposing  to  typhus,  medic^  writers  usu- 
ally enumerate  mental  depression,  auiiety, 
fear  of  contagion,  iDtemperance^  insufliciftnt 
nutrition,  and  overcrowding.  Now,  dur- 
ing the  aicges  of  Paris  and  Hetz,  the  inhab- 
itants of  those  two  cUiea  were  Buhjeet  in 
an  extraordinary  degree  to  all  these  condi- 
tions, if  in  the  case  of  Mets  we  except  the 
fourth;  and  yet  not  a  single  ca.ge  of  the 
disease  occurred  among  either  the  citizens, 
the  refugees,  or  the  soldier*.  The  belea- 
giiering  armies  of  the  Germans,  on  the  con* 
trary,  whose  sanitary  condition  was  inJiuite- 
ly  better,  were  constantly  rav&ged  by  ty- 
phus. This  conflict  of  facts  with  theory 
htts  led  Dr.  Chauffard,  of  the  Paris  Acad- 
emy of  Medicine,  to  investigate  the  sub- 
ject of  typhus  anew,  and  we  here  give  the 
chief  results  of  hU  inquiry.  According  to 
bim,  the  epidemics  of  t}7)hus  which  have 
broken  out  in  France  had  always  a  foreign 
origin,  and  the  disease  has  never  been  able 
to  become  endemic  in  that  country.  The 
epidemic  of  1814  was  brought  in  by  the 
defeated  armies  of  the  North,  on  their 
return  from  Ku^gia  and  Northern  Germany, 
and  that  of  I65S-'56  was  imported  by  the 
troops  returning  from  the  Crimea.  But 
soon  tliey  died  out  on  French  soil,  and 
hence  the  author  conjectures  that  in  the 
French  race  and  on  French  soil  there  is 
somethiog  which  is  antagonl^ntic  to  typhus. 
Uc  inclines  to  regard  this  dii»ease  as  local- 
ized, so  fur  as  its  origin  is  concerned,  just 
like  cholera,  or  ycUow  fever.  Then,  to  show 
that  his  coiyecture  as  to  race  Imrounity  is 
not  without  foundation,  ho  states  that  In 


Hew  Orleans  the  yellow  ferer  commita  kt 
greatest  ravages  among  the  whites,  the  chol- 
era among  the  negroes.  Then,  too,  the  ne- 
gro race  can  better  resist  the  morbid  infltt* 
cnces  of  marshy  soil,  than  can  the  white. 
To  show  how  diflTercnt  may  bo  the  effects 
of  the  same  morbific  influences  on  diverse 
races  of  men,  the  author  cites  the  case  of 
an  £gyp lian  vessel  entering  the  port  of 
Liveipool  in  the  worst  possible  sanitary 
condiliou.  The  crew  were  all  Mck — but  no 
typhus.  But  the  Englishmea  who  risited 
the  ship  were  nearly  all  seized  with  that  dis- 
ease. On  the  high  table-lands  of  Hexioo, 
typhus  is  cudcmic  and  frequent^  typhoid 
fever  yery  rare*  On  the  contrary,  at  an 
altitude  of  Icab  than  S,000  feet  above  the 
sea-level,  typhoid  is  abundant,  typhus  rare. 
Even  on  the  table-hinds,  however,  newly- 
arrived  French  soldiers  were  attacked  by 
typhoid ;  but,  when  they  had  become  accli- 
mated, they  were  seized  only  by  typhus* 
The  author  replies  to  the  objeetton  that 
might  be  drawn  from  the  occurrence  of 
typhus  in  priaons  and  among  convicts  con- 
demned to  the  galleys,  by  claiming  that 
Euch  outbreaks  of  supposed  typhus  are 
really  only  typhoid  fevers  of  an  unusual 
character.  In  fact,  ever  since  French  phy- 
sicians had,  after  the  Crimean  War,  an  op- 
ponunity  for  more  closely  studying  true 
typhus,,  prison  epidemics  are  not  often  ohar* 
acterized  as  outbreaks  of  that  disease.  The 
author  then  eiaminea  certain  cases  where 
undoubted  typhus  has  made  its  appcftrsooe 
spontaneously,  as  it  might  be  supposed,  on 
French  aoil,  and  eicplains  the  occurrence  h} 
unportation  from  foreign  countries.  Our 
brief  abstract  is  far  from  doing  justice  to 
this  highly-important  paper,  and  we  coto- 
mend  the  entire  es^ay,  as  found  in  thi 
ii^'w  Scifntijupie^  to  the  attention  of  our 
medical  readers. 

HaUU  of  filghi  and  Spern  IThilHi— 
In  the  Amvriean  XatnraiUt^  Prof.  N.  &  Shskr 
notes  some  of  the  prominent  charaotcrbttO 
habits  of  right  and  sperm-whales,  on  the  au- 
thority of  an  old  whaler,  Captain  John  PeiM^ 
of  Edgartown,  Massachusetts.  The  calving 
time  for  the  right -whale,  he  Bays,  never  be* 
gius  until  July  Ist^  and  by  the  Sd  or  4lh  of 
the  month  every  female  is  accompanied  by 
her  calf.    The  affection  of  the  right-whalt 
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ttf  of  iht  InuoplMck  for  tbcir  jouog  \& 
r  but  the  iperm-wh&Ie  givea  no 
k  of  «iiieb  fbodneai.  Among  spcrm- 
I  lli€««  is  fttrici  subordinmtioD  of  cverj 
k»d  10  ita  loader,  bot  emch  right-whale  ap- 
|«a  tt»  bt  iadependeat.  The  male  right 
y  Modltr  cbfto  the  female,  but  the  rererae 
it  lltt  CMe  for  the  apenD-whale.  The  malea 
ef  Ibe  epefiD-vhale  enga^  in  furious  coq- 
fleti  wiib  each  other,  and  Captaia  Feaae 
(hi  dAcii  fbwnd  clear  erldeoce  of  these 
f|jbi  in  the  ecarred  bodSei  of  captured 
vfadcL  la  the  Nantucket  Museum  maj 
be  Men  two  specimeoj  of  the  lower  jaw 
iaaa^Bi  to  conflict^  one  of  them  being  bent 
kAaallf  lata  eoe  turn  of  a  apiraL  Captain 
l\Bse  hat  oltea  witnessed  the  htUck  of  the 
^■m  en  ibe  right  and  humpback  whale. 
KAj  er  man  of  them  will  join  in  the  attack, 
biflBf  maaj  feet  out  of  the  water  and  full- 
im  va  their  Tietim,  Squid  forma  the  prin* 
dpdl  tied  of  the  aperm-whale,  and  Captain 
fmm  OQce  eair  the  head  of  a  ftquid^  as 
IbiB*  **  *  ^H^  hogshead,  which  had  been 
Aq^^  off  bj  the  dofure  of  the  apeno- 
tiale'b  jam. 

The  eaplalii  ti  positire  that  a  trace  of 
UrIitobeibQnd  within  the  skin  of  the 
ii|^  wbali,  and  saja  that,  if  the  fresh  akin 
It  •myeii,  ibe  inner  section  will  show  a 
toe*  ef  bale.  If  this  whale  is  the  desccnd- 
iief  a  laod^mammsl,  we  should  expt^it  to 
M  Jest  eoeb  a  Inee  of  hair.  Then,  too, 
iwi  k  a  epcnn-wbaleV  tooth  at  Nahtucket 
•laft  baa  two  fangs,  and  it  is  sUtcd  that 
Ibi  etb9  teeth  of  the  animal  to  which  this 
Ukmfpl  bad  likewise  two  fangs.  The  au- 
tMt  Mfpecta  here  a  case  of  rereraion.  Ac- 
Mi^  to  Capuln  PcAie,  right -whalet 
ittaln  edolt  sice  in  three  years^  though  he 
iAfeln  that  they  may  grow  very  sbwlj  for 
MM  yeart  longer. 


if  11m  8cil-nahei7<— The  cruel 

deetmctioo  of  joung  seals,  re- 

tbe  way  in  which  the  seal- 

at  present  conducted,  has  called 

i  vifoeoea  protest  from   Mr.   Frmnk 

eouf^ed  with  a  recommendation 

Iba  gotemoienta  eonc^med  uoito  in  a 

ef  iiignliatiotia  that  shall  in  future 

the  barbarities  and  wastefulness 

If  eoQibiiied,  louat  soon  put  an  end 

Indnalry.    On  the  authontj 
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of  Captain  David  Gray,  commander  of  the 
screw^teamer  EcHpse,  of  the  Sootllsb  aeaU 
ing-fleet,  we  are  told  that  operations  begin 
about  the  SOth  of  March,  or  irithia  a  few 
dajs  after  the  young  are  bom.  The  liar- 
pooner  chooses  a  plate  where  a  number  of 
young  seals  are  lyisg,  knowing  that  soon 
the  mothers  will  make  their  appearance. 
Of  these,  as  many  as  40,000  were  killed  Ust 
year,  not  to  speak  of  those  that  were 
wounded  and  scared  away.  Thua  tens  of 
thouBands  of  young  seals  are  left  mother- 
less. ^^  It  ifl  homble/^  says  Captain  Gray, 
"  to  see  the  young  ones  trying  to  suck  the 
carcasses  of  their  mothers,  their  eyes  start- 
ing oat  of  the  sockets,  looking  the  very 
picture  of  famine.  They  crawl  orer  and 
over  them  until  quite  red  with  bloody  poking 
them  with  their  noses,  no  doubt  woEidering 
why  they  are  not  getting  their  usual  feed, 
uttering  pftinful  erica  the  while.  The  noise 
they  make  ia  something  dreadful  If  one 
could  Imagine  himself  surrounded  by  four 
or  five  hundred  thousand  human  babies  all 
crying  at  the  pitch  of  their  roieeSp  he  would 
hare  some  idea  of  it  Their  cry  is  very 
like  an  infant's.  These  motherless  seali 
collect  into  lots  of  five  or  six,  and  crawl 
about  the  ice^  their  heads  fast  becoming  the 
biggest  part  of  their  bodies,  searching  to 
find  the  nouridbmcnt  they  stand  so  much  in 
want  of.  The  females  are  Tery  affectionate 
toward  thdr  yoimg.*^  Immense  numbers 
of  young  seals  arc  in  this  way  starred  to 
death  ;  and,  even  if  slaughtered  on  the  spot, 
arte  comparatively  worthless,  as  their  bodies 
contain  little  or  no  oil,  and  their  sklna  bring 
but  a  very  low  price.  According  to  Mr. 
Buckland,  if  the  commenccmt^nt  of  the 
work  were  poatponed  for  only  three  or  four 
weeks,  the  young  would  then  bo  old  enough 
to  take  care  of  tbemselvcs,  and,  even  if 
killed,  which  he  strongly  objects  to,  at  this 
early  period  of  their  lived,  their  bodies 
would  have  a  greatly  increased  value. 

The  Failire  of  Ctr^lxleSi— The  fhicture 
of  car-arlea,  and  the  frequent  accidents 
arising  therefrom,  are  due,  it  appears,  in 
the  majority  of  coses,  to  imperfect  con- 
struction, which  may  be  readily  detected 
by  applying  the  proper  tests.  As  an  ex- 
ample of  the  kind  of  work  that  maDufuc- 
turers  sometimes  turn  out  to  railway  com- 
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|MUiki,  ve  iuro  told  by  Mr.  Imdm  E.  Whit^ 
D*7,  (a  the  Baxl^a^  TVfTKsi^  thai,  of  a  lot  of 
ftilea  f^mUlied  to  the  Mobile  h  Ohio 
Railroad  Company^  but  one- fourth  irere  ca- 
pable of  meeting  the  required  tost,  and  the 
other  three- fourths  were  returned  to  the 
maEufacturer.  Mr.  Wliitney  also  aayi  that 
the  duty  of  making  these  testa  belong  to 
the  railway  companies  thcTnaelvea,  which 
leases  them  no  Talid  excuse  for  the  employ- 
ment of  defective  mate  rials. 

Betides  the  use  of  poor  iron,  the  resist- 
ing  power  of  the  aile  may  also  be  leaAened 
by  the  method  of  manufcLcture.  "The 
ideal  axle/*  says  Mr*  Whitney^  "  would  have 
its  metal  as  dense  aa  posRible^  and  bence 
would  be  shaped  mainly  by  hammering.  Its 
fibres  would  run  iinbroken  through ottt  its 
length,  and  the  tougb  outer  skin^  which  in 
wrought  as  in  cast  iron  is  much  stronger 
than  that  within,  would  be  preaerred  in  its 
integrity."  As  now  manufactured,  a  por- 
tion of  this  is  removed  by  turning,  and  the 
axle  proportionally  weakened.  Tho  turn- 
ing process  is  also  earned  to  the  formation 
of  sharp  eomerSf  which,  as  shown  by  Ran- 
kin, fTentnaliy  become  the  stariing-polnts 
of  annular  or  Giroumfcrential  grooves  that 
continue  to  deepen  tmtil  the  central  por* 
tion  is  too  much  diminished  to  bear  the 
shock  of  the  unusual  jar  i  ^'  The  ordinary 
'  tapping  ^  will,  in  aggravated  caaea,  enable 
such  a  flaw  to  be  detected,  but  no  skiU  and 
no  care  will  guard  against  the  slow  but 
sure  approach  of  danger,  because  of  the  un. 
necessary  removal  of  a  few  annular  chips 
at  the  shoulder  of  the  whecl-l>carlng,  to 
gratify  the  whim  of  the  turner." 

But  J  however  strong  originally,  car  axles 
always  deteriorate  with  use,  the  constant 
Buecesaion  of  jars  to  which  they  are  subject 
gradually  impairing  the  strength  of  the  iron. 
The  character  of  this  chauge  is  not  well 
understood,  and  the  only  eflective  method 
now  known,  of  guarding  against  the  danger 
arising  from  it^  is  to  throw  the  axle  aside 
ailer  it  has  been  run  a  certain  number  of 
milefl, 

B«wlder^like  MassM  tf  Clay  la  Diil\.— 

Masses  of  stratified  gravel,  similar  in  shape 
to  the  clay -bowlders  mentioned  in  the  March 
number  of  this  monthly  as  occurring  in  the 
drill  of  Long  Island^  were  found  during  the 


Tunnel  in  v^ 


excavation  of  the  Chicago  Tunnel 
drift  under  Lake  Michigan,  In  the  Amtri* 
tan  Jourtiat  of  Sdmce  for  January,  18<^7, 
Prof.  E.  Andrews  thos  describes  them: 
"  They  lay  in  all  ima^nable  positions,  some- 
times with  their  strata  set  up  at  high  an- 
gles. They  were  from  a  few  inches  to  a 
few  feet  In  diameter,  and  were  embedded  in 
the  solid,  impervious  clay  nearly  80  feet 
below  the  surface  of  the  lake.  The  gravel 
was  watcr-wom,  and  often  so  dean  that  it 
would  scarcely  soil  a  handkerchief.  The 
interstices  commonly  contained  a  few  gal* 
Ions  of  water  in  the  lower  part,  and  some 
air  or  gas  in  the  nppen  The  gas  was  in 
many  instances  inflammable.  The  pockets 
scarcely  leaked  a  drop  when  once  emptied, 
and  the  cavities  looked  exactly,  in  many 
instances^  like  casts  of  rounded  bowlders," 
Prof.  Andrews  believes  tbey  were  d^ 
posited  as  frozen  masses  which  thawed  after 
they  were  embedded  in  the  clay.  This  view 
is  corroborated  by  an  experiment  made  two 
years  ago  by  Mr.  E,  Lewis,  of  Brooklyn. 
During  a  period  of  cold  weather  be  selected 
an  mlet  of  the  sea  through  which  the  lidal 
flow  was  rapid,  and  in  which  tho  water  was 
several  degrees  below  freezing.  The  bol> 
tom  was  frozen  where  the  water  was  10  feet 
deep,  but  there  was  no  ice  on  the  surface;  . 
A  mass  of  frozen  earth  wdghtng  about  OO 
ponnds  was  sunk,  by  means  of  a  cord,  at  tha 
deepest  part  of  the  inlet  Six  days  afWr^ 
ward  this  mass  was  unchanged,  except  tblt 
its  extreme  surface  was  sUghllj  soft  ftsd 
moist  At  the  expiration  of  30  days  it  1 
again  examined,  and  found  to  be  son 
wafited.  The  temperature  of  the 
was  then  ft*  above  freezing.  "If/* 
Mr.  Lewis,  *^  this  mass  had  been  covei 
a  quantity  of  sand  or  gravel,  thrown 
uiwn  it  while  frozen,  it  would  have  i 
its  form;  and  enormous  mosaes  of  michlj 
terial  are  sometimes  deposited  cu 
from  floating  loc  and  glaciers.** 

Marked  Cue  of  Hervdlty  in  MistH 

Mr.  Darwin  communicates  to  Nalurt  a  j 
ter  from   Mr  Muggins   on  the  he 
transmission,  in  a  breed  of  mastiirs^ 
strong  antipathy  to  butchers  and  butch 
shops.    Mr.  Huggina  owns  a  dog,  **  Ke 
whose  sire  was  a  celebrated  mastifT,  ^  Ta 
Wlicn  ^'  Kepler  **  was  aix  months  old  he  fb^ 
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«  Mrrmnt  out  om  the  street,  aud  then 
Rr  tfce  firrt  time  saw  %.  but4?bcr*5  shop.  The 
laiiDAl  threw  hintaelf  dowD^  and  could  not 
U  ioduocd  to  pasa  the  phice.  The  dog  ia 
ttov  Bcsiiy  three  years  old,  and  the  aotipa- 
tky  baa  diminkhed  sotDewhatf  but  not  dU- 
i^peared.  Kr.  Hugguia  lately  footid  that 
^KepWg"  ancestor,  **Tiirk,"  manileated 
Iba  flame  antipathy,  and  bis  former  owner 
wii  aaked  for  taformatiofi  on  the  subject. 
It  oow  appeian  that  this  eurious  dUlike  for 
;*  flhopa  and  butchers  was  gbowD 
by  *^ Turk's"  sire,  »'Kmg"  (in 
It  probably  ongrnatcd),  and  by 
"hmch"  and  "Pkr^^*  goas  of  "Turk." 
TIs  antipathy  is  moat  marked  to  *'  Paris," 
•to  will  hardly  enter  a  street  containing  a 
bttchc/s  abop,  and  mm  away  alter  he  has 
ptiMd  VL  If  a  butcher's  cart  comes  to  the 
pifl«a  where  th«  dogs  are  kept,  they  are 
Ifltod  wtih  fright  eren  though  they  do  mot 
m  tba  objetrt  of  thoir  fearfl,  **  Turk*a  ** 
vfttcr,  Mr.  Xichols,  then  tells  of  two  in- 
MMCas  where  ^ Paris**  give  evidence  of 
lit  fioai  txfraordinary  sagacity  !n  reeog> 
Mtig  a  btttebcr  under  any  circumstaoces. 
a  boaa-bntcher,  in  ordinary 
»  Me  "Paris/*  but  bad 
liBiMjy  Hiterod  the  house  when  the  dog 
\immB  maaaageabte,  and  the  visitor  had 
H  Ittie  wftbotit  seeing  him.  On  another 
QMaflfaon  ''Puia**  aprang  at  a  gentleman, 
tti«  M  N  wia  the  trgt  exhibit  ion  he  ever 
hi  attla  of  tnch  vicloasness,  his  owner 
fifciglnid,  and  laid  thut  the  dog  had  never 
aiiaeked  any  but  butchers.  The  gen- 
\  wm  a  fentdier  I 

llie  pntlkaiion  of  Mr.  Hugglns^s 
%  esveral  <yther  communications  h%ve 
hi  Kititawt^  ahowing  that  all  the 
ef  fhii  Ebo  hiherit  this  instinctive 
Mr.  S.  G.  Hn>oke  writi^s  of  a 
of  ••  Turk :  '*  **  Ever  since  he  was 
tf^  ha  hM  cfi&eed  **  thb  antipathy.    A 
«f  iliie  4og  of  Mr.  Brooke's  shows 
Biae  leding,  according  to  Mr.  Arthur 

Mr.  tamA  Waflaoe  is  inclined  to  thmk 
t  IImm  do^  diatingnlah  butchers  from 
«HI  by  the  flense  of  ameil,  which  is 
vftiyaeMa  Ui  all  dogi.  He  also  thioka  that 
ii  it  lUa  sosa  which  enables  a  dog  to  find 
Ml  wsy  bach  ft^m  a  distance,  though  on 
ta  ttakittfli  th€  joarney  he  had  been  blind- 


folded, and  BO  prevented  from  Bcciug  his 
way.  Another  correspondent  of  Katutt^ 
writing  in  confirmation  of  Mr.  WAllacc*a 
view,  tells  of  a  cat*8  antipathy  to  dogs. 
This  animal  would  "swear,"  if  only  stroked 
by  a  hand  which  had  directly  before  touched 
a  dog.  Mr.  D&rwin'a  purpose  in  calling  at- 
tention to  the  present  esse  of  heredity  is, 
to  illustrate  his  theory  of  instinct  as  an  ac- 
quired and  transmitted  habit 

Ctaaiges  li  Rlrer^Beds. — In  a  report  on 
the  subject  of  a  water-supply  for  the  village 
of  Yon k  ere,  New  York,  published  in  the  Jan- 
uary number  of  the  American  Chf misty  Prof, 
J.  S,  Newberry  furnishes  some  interesting 
facts  on  the  geology  of  river-beds,  that  wiU 
be  of  general  interest  He  aays :  "  It  is  prob- 
ably  known  to  you  that  moat  of  the  drain* 
ing  streams  of  all  the  region  between  the 
Mississippi  and  the  Atlantic  are  now  run- 
ning far  above  their  ancient  beds.  This 
fact  WHS  first  revealed  to  me  by  the  borings 
made  tor  oil  in  the  volleys  of  the  trlbutariee 
of  the  Ohio.  All  these  streams  were  found 
to  be  flowing  In  valleys,  once  deeply  exca- 
vated but  now  partially  filled,  and,  in  some 
instances,  almost  obliterated.  Further  in- 
vestlgatioD  showed  that  the  same  was  true 
of  the  draiuing  streams  of  New  York  and 
the  Atlantic  slope.  For  example,  the  val* 
ley  of  the  Mohawk,  for  a  large  part  of  its 
course,  ia  illed  with  sand  and  gravel,  to  the 
depth  of  over  two  hundred  feet.  In  the 
Huda^D,  the  water  surface  stands  now  prob* 
ably  five  himdred  feet  above  its  ancient 
level — the  old  mouth  of  the  Hudson  and 
the  channel  which  leads  to  It  being  distinct 
ly  traceable  on  the  bottom  nearly  eighty 
miles  south  and  east  of  New  York  The 
excavation  of  these  deep  channels  could 
only  have  been  cfTccted  when  the  continent 
was  much  higher  than  now.  Subsequently 
it  was  depressed  so  far  that  the  6cean< 
waters  stood  on  the  Atlantic  coast  from  one 
hundred  to  five  hundred  feet  higher  than 
they  now  do*  During  this  period  of  sub* 
mergence  the  blue  clays  in  the  valley  of  the 
Hudson^ — the  *  Champlain  clays  ^^were  de- 
posited, and  the  valleys  of  all  the  stream! 
were  more  or  less  filled.^* 

DlmenMeai  of  Hew-EngtAod  Claderst^ 

The  Glacial  and  Champlaiu  Epochs  in  New 
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THE    CONSTITUTION  OF  NEBULA. 

By  Bb,  H.  SCHELLEN.i 

TTTHEK  the  starry  heavens  are  viewed  through  a  telescope  of 
^^     moderate  power,  a  great  number  of  stellar  clusters  and  faint 
aebulous  forms  are  revealed  against  the  dark  background  of  the  sky 
▼bich  might  be  taken  at  first  sight  for  passing  clouds,  but  which,  by 
their  unchanging  forms  and  persistent  appearance,  are  proved  to  be- 
'^Qg  to  the  heavenly  bodies,  though  possessing  a  character  widely  dif- 
fering from  the  poinulite  images  of  ordinary  stars.     Sir  William  Her- 
•chel  was  able,  with  his  gigantic  forty-foot  telescope,  to  resolve  many 
of  these  nebnlse  into  clusters  of  stars,  and  found  them  to  coneist  of 
^Mt  groups  of  individual  suns,  in  which  thousands  of  fixed  stars  may 
be  clearly  separated  and  counted,  but  which  are  so  far  removed  from 
xit  that  we  are  unable  to  perceive  their  distance  one  from  the  other, 
tWgb  that  may  really  amount  to  many  millions  of  miles,  and  their 
light,  with  a  low  magnifying  power,  seems  to  come  from  a  large,  faint- 
|lj-lummou8  mass.     But  all  nebulse  were  not  resolvable  with  this  tele- 
i^ope,  and,  in  proportion  as  such  nebulm  were  resolved  into  clusters 
of  itirs,  new  nebulsB  appeared  which  resisted  a  power  of  6,000,  and 
suggested  to  this  astute   investigator  the  theory  that,  besides  the 
ni&Dy  thousand  apparent  nebulsB  which  reveal  themselves  to  us  as  a 
complete  and  separate  system  of  worlds,  there  are  also  thousands  of 
^1  nebulfle  in  tlie  universe  composed  of  primeval  cosmical  matter  out 
of  which  future  worlds  were  to  be  fashioned 

Lord  Rosse,  by  means  of  a  telescope  of  fifty- two  feet  focus,  of  his 

own  construction,  was  able  to  resolve  into  clusters  of  stars  many  of  the 

>«baW  not  resolved  by  Herschel ;  but  there  were  still  revealed  to  the 

^ithoB  carried  farther  into  space,  new  nebulee  beyond  the  power 

JJJjn  of  this  gigantic  telescope  to  resolve. 


^  Abridged  from  Schellen's  *^  Spectrum  Analysio*" 
Tou  in, — Q 
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Telescopes  failed,  therefore,  to  settle  the  question  whether 
resolved  nebuhe  are  portions  of  the  primeval  matter  out  of  whifl 


TlQ,  L 


Tn  GsxA-T  Nkbiji^  nr  Obiow. 


existing  stare  have  been  formed ;  they  leave  ua  in  uncertainty 
whether  these  nebulne  were  masses  of  luminous  gas,  which  in  the 
of  ages  would  pass  through  the  various  stages  of  incandescent  1 


GUTMAX.  ASD  MO«T    BitlLIXUrT    POUTION   OF    TEM  OrEAT    NsBULA    IN  TBX    gW08D*SAl] 

Ommr,  Ai  ouHBTBD  BT  Sm  JoffK  HnuiCEBL  ni  sn  Twrittt-foot  RsFLBcrom  at 
,  CAim  or  Goop  HoFB  (1B84  to  107). 
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(tli«iim  aod  faed  stars),  of  scorise  or  gradual  forraation  of  a  cold  and 
floa-liunmoua  sorfaee  (the  earth  and  planets),  and  finally  of  complete 
»n  and  torpidity  (the  moon),  or  whether  they  exist  as  a  complete 
ipar»te  system  of  worlds;  telescopes  have  only  widened  the 
problem,  aod  have  neither  siraplitied  nor  solved  its  difficulties. 

That  which  was  beyond  the  power  of  the  most  gigantic  telescopes 
has  been  accomplished  by  that  apparently  insignilicant,  but  really 
delicate,  and  almost  infinitely  sensitive  instrument — ^the  spectroscope; 
we  are  indebted  to  it  for  being  able  to  say  with  certainty  that  lumi- 
>ufi  oebnlie  actually  exist  as  isolated  bodies  In  space,  and  that  these 

9  laminotts  masses  of  gas. 
*Ri6'%tIendid  edifice  already  planned  by  Kant  in  bis  "  Theory  of 
He4ivena"  (1755),  and  erected  by  Laplace  forty-one  years  later,  in 
^System  of  the  Universe,"  has  received  its  topmost  stone  through 
fiscoytfries  of  the  spectroscope.  The  spectroscope,  in  combina- 
tkm  with  the  telescope,  affords  means  for  ascertaining  even  now  some 
of  the  pbaaes  through  which  the  sun  and  planets  have  passed  in  their 
Jirooeis  of  development  or  transition  from  masses  of  Inminons  nebulsB 
t«  tkeir  present  condition. 

Gnat  variety  is  observed  in  the  forms  of  the  nebula  :  while  some 
o«  chaotic  and  irregalar,  and  sometimes  highly  fantastic,  others  ex- 
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^H  tit«  pore  aod  beautiful  forms  of  a  curve,  a  crescent,  a  globe,  or  a 
I  **relr.  A  ntunber  of  the  most  characteristic  of  these  forms  have  been 
ffe^grapbed  on  glaaa  at  the  suggestion  of  Mr.  Huggins ;  to  these 

*^  b«m  added  e  few  others,  taken  from  accurate  drawings  by  Lord 
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Rosse ;  and  they  may  all  be  projected  on  to  a  screen  by  means 
electric  or  lime-light  lantern,  and  made  visible  to  a  large  aadiei 
The  largest  and  most  irregular  of  all  the  nebulsQ  is  that  in  t 
Btellation  of  Orion  (Figs.  1,  2).  It  is  situated  rather  below  the 
stars  of  second  magnitude  composing  the  central  part  of  that  mi 
cent  constellation,  and  is  visible  to  the  naked  eye.  It  is  extfi 
difficult  to  execute  even  a  tolerably  correct  drawing  of  this  m 
but  it  appears,  from  the  various  di-a wings  made  at  diflVirent  timet 
a  change  is  taking  place  in  the  form  and  position  of  the  brij 
portions*      Fig.  2  represents  the  central  and  brightest  part 


Fio.  <, 


NsAULA  or  1 


I  foui  or  A  BidOA. 


nebula.  Four  bright  stars,  forming  a  trapezium,  are  situated 
one  of  which  only  is  visible  to  the  naked  eye.  The  nebula  surr< 
ing  these  stars  has  a  flaky  appearance,  and  is  of  a  greenish^i 
color;  single  portions  form  long  curved  streaks  stretching  out 
radiating  manner  from  the  middle  and  bright  parts* 

Much  less  irregulanty  is  apparent  in  the  great  Magellanic  or 
clouds  (Fig*  3),  which  are  two  nebulas  in  the  Southern  Ilemiepbert 
of  them  exceeding  by  five  times  the  apparent  size  of  the  moon, 
are  distinctly  visible  to  the  naked  eye,  and  are  so  bright  that 
serve  as  marks  for  reconnoitring  the  heavens,  and  for  reckoni 
hour  of  the  night. 
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The  interest  aroused  by  these  Irregular  and  chaotio  nebulous  forme 

KBlUl  further  increased  by  the  phenomena  of  the  spiral  or  convoluted 
bul»  with  which  the  giant  telescopes  of  Lord  Kosse  and  Mr,  Bond 
have  made  us  further  acquainted.     As  a  rule,  there  stream  out  from 


b 
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one  or  more  centres  of  luminous  matter  innumerable  curved  nebulous 
•treikfi,  which  recede  from  the  centre  in  a  spiral  form,  and  finally  lose 
themselves  iu  space*  Fig.  4  represents  a  nebula  in  the  form  of  a  sickle 
^r  comet-tAil,  and  Fig.  5  shows  the  most  remarkable  of  all  the  spiral 
fi^bulie^  situated  in  the  consteOation  Canes  Venatici. 


TBAxaiciov  ntoM  tox  Si'ibai.  to  tbs  AsmuLAft  FoaiL 

It  ifl  hardly  conceivable  that  a  system  of  such  a  nebulous  form 

lid  exist  without  internal  motion.     The  bright  nucleua,  as  well  as 

streftks  curving  roQud  it  in  the  same  direction,  seems  to  indicate 
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an  accumulation  of  matter  toward  the  centre,  with  a  gradual  m<3 
of  density,  and  a  rotatory  movement.  But,  if  we  combine  witl 
motion  the  supposition  of  ivn  opposing  medium,  it  is  difficult 
monize  such  a  aystem  with  the  known  laws  of  statics.  Accurate  i 
ures  are,  therefore,  of  the  highest  interest  for  tlie  ]>iirpose  of  she 


Ankci^jvr  Nebula  c*  LvitA. 


whether  actual  rot:ition  or  other  changes  are  taking  place  in  tl 
uebulsB;  but,  unfortunately,  they  are  rendered  extremely  difficult  i 
uncertain  l>y  the  wnnt  of  outline,  and  by  the  remarkable  faiotness 
these  nebtilouH  r>bji'(*i*i. 


Nkbl'la  wtTU  StsvEJiAL  Rnros. 


The  lriiii8itioii  state  from  the  spinil  to  the  annnlar  form  is  she 
in  such  nebnlee  a^  the  one  represented  in  Fig.  6  ;  and  they  then  \ 
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»the  aitiiple  or  compound  annular  nebula  of  a  tjpe  which  is  given 
%  7. 

The  space  within  most  of  these  elltptie  rings  \%  not  perfectly  dark, 
Ub  occupied  either  by  a  diffused  nebulous  light,  as  in  Fig,  7,  or,  as 


Fi*».  9. 


^LipnaAi.  AA]i(ri*A&  Hbjivi^ 


iHiiost  cases,  by  a  bright  nucleus,  round  which  sometimes  one  ring, 
iWnetimes  several,  are  disposed  in  various  forms.  In  Fig,  8  a  represen- 
ttioQ  is  giTen  of  a  compound  annular  nebula,  with  very  elliptic  rings 
^  bright  nucleus. 


Yxt^.  in. 


£LOIf«ATirD   NXBUI^A, 


According  as  the  ring  has  its  surface  or  its  edge  turned  toward  us, 
•ocwdbg  as  oar  line  of  sight  is  perpendicular  or  more  or  less 
rfy  inclined  to  the  surface  of  the  ring,  its  form  approaches  that 
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of  a  oircle,  a  rmg^  ao  ellipse,  or  even  a  Btraight  line.  Nebulae  of  this 
latter  kind  are  represented  in  Fig.  9  and  in  Fig,  10,  When  an  ellip- 
tical ring  is  extremely  elongated,  and  the  minor  aids  ifi  much  smaller 
than  tbe  major  one,  the  density  and  brightneBS  of  the  rlug  dimkdsh  aa 
its  distance  from  the  central  nucleus  increases ;  and  this  takes  place 
to  such  a  degree  sometimes,  that  at  the  farthest  points  of  the  ring,  the 
ends  of  the  major  axis,  it  ceases  to  be  visible,  and  the  continuity  seems 
to  be  brokeo.  The  nebula  has  then  the  appearance  of  a  double  nebula, 
with  a  central  spot  as  represeoted  in  Figs,  11,  12, 


Fiw,n. 
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AjrxULAll  NUIUI^  WITH  CniTBL 


Those  nebulBC,  wliich  appear  with  tolerably  fibarply-defined  edges 
in  the  form  of  a  circle  or  slight  ellipse,  seem  to  belong  to  a  much  higher 
stage  of  development.  From  their  resemblance  to  those  planets  which 
shine  with  a  pale  or  bluish  IJgbt,  they  have  been  called  planetary  neV 
ulflB;  in  form,  however,  they  vary  considerably,  some  of  them  being 


^ujmnAJtj  ISimmwi^  wifit  Tvo  Staba. 


spiral  and  some  annular.  Some  of  these  planetary  nebnlee  are  repr 
sented  in  Figs*  12,  14,  16.  The  first  has  two  central  stars  or  nuclei, 
each  surrounded  by  a  dark  space,  beyond  which  the  spiral  streaks  are 
disposed ;  the  second  has  also  two  nuclei,  but  without  clearly  separable 
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dftrk  q»ce0;  the  third  is  witbout  any  ouoleus,  but  ehows  a  well-defined 
ring  of  light. 

The  highest  tjpe  of  nebulse  are  certainly  the  stellar  nebulae,  in 
which  a  tolerably  well-defined  bright  star  is  surroimded  by  a  com- 
pletely rounded  disk  or  faint  atmosphere  of  light,  which  sometimes  fades 
'  gndoally  into  space,  at  other  times  terminates  abruptly  with 

Fro.  15. 
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ilhaqi  edge.  Figs.  16  and  17  exhibit  the  most  striking  of  these  very 
remirkable  stellar  nebolse :  the  first  is  surroimded  by  a  system  of  lings 
like  Saturn,  with  the  thin  edge  turned  toward  ns ;  the  second  is  a  veri- 
Ublt  itAr  of  the  eighth  magnitude,  and  is  not  nebulous,  but  is  Bur> 
lomided  by  a  bright  luminous  atmosphere  perfectly  concentric.  To 
ibe  right  of  the  star  is  a  small  dark  space,  soch  as  often  occurs  in 
ibtte  nebnUe^  indicating,  perhaps,  an  opening  in  the  surrounding  at- 


We  have  now  passed  in  review  all  that  is  at  present  known  of  the 
I  aebids,  so  £ir  as  their  appearance  and  form  have  been  revealed  by  the 
|krgal  telescopes.     The  information  as  yet  furnished  by  the  spectro- 
\  00  this  subject  is  certainly  much  less  extensive,  but  is  neverthe- 


Fio.  IS. 
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«i  of  the  greatest  importance^  since  the  spectroscope  has  power  to 
I  fwtal  ihs  nature  and  constitution  of  these  remote  heavenly  bodies, 
lb  most  bsfe  again  l>e  remembered  that  the  character  of  the  spectrum 
soly  bidicaies  what  the  substance  is  that  emits  the  light,  but  also 
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its  physical  condition.  If  the  spectrum  be  a  continumts  one,  eoosigtiji^ 
of  rays  of  every  color  or  degree  of  reft-angibility,  tben  the  source  of  light 
is  either  a  solid  or  liquid  incandescent  body  ;  if,  on  the  contrary,  the 
spectrum  be  composed  of  bright  lines  only,  then  it  is  certain  that  the 
light  cornea  from  luminous  gas  ;  finally,  if  the  spectrum  be  continn- 
0U8,  but  crossed  by  dark  lines  interrupting  the  colors,  it  is  an  indlea- 
tioii  that  the  source  of  light  is  a  solid  or  liquid  incandescent  body,  but 
that  the  light  has  passed  through  an  atmosphere  of  vapors  at  a  lower 
temperattirej  which  by  their  selective  absorptive  power  have  abstracted 
those  colored  rays  which  they  would  have  emitted  had  they  been  self- 
luminoug, 

Fi<3*  IB. 
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When  Haggitis  first  directed  his  telescope  in  August,  1864,  to  one 
of  these  objects,  a  small  but  very  bright  nebula,  he  found,  to  his  great 
BurprisCj  thai  the  spectmm,  instead  of  being  a  continuous  colored 
band,  Fuch  as  that  given  by  a  star,  consisted  only  oi  three  bright  litter. 

This  one  observation  was  sufficient  to  solve  the  long-vexed  qtiev 
tion,  at  least  for  this  particular  nebula,  and  to  prove  that  it  is  not  a 
eloster  of  individual,  separable  stars,  bnt  is  actually  a  gaseous  nebula, 
a  body  of  luminous  gas*     In  fact,  such  a  spectrum  could  only  be  pro- 


BrKCrrkiTii  or  Nkbiixa  oompammd  wns  tus  Stx  aki»  oomi  Tiaumtuai 


dnoed  by  a  substance  in  a  state  of  gas  ;  the  light  of  this  nebula,  ther 
fore,  was  emitted  neither  by  solid  nor  liquid  incandescent  matter,  nor 
by  gases  in  a  state  of  extreme  density,  as  may  be  the  case  in  the  sun 
and  stars,  but  by  luminous  gas  in  a  highly-rarefied  condition. 

In  order  to  discover  the  chemical  nature  of  this  gas,  Huggins  fol* 
lowed  the  usual  methods  of  comparison,  and  tested  the  spectrum  with 
I  From  HeiBcbers  Catalc^gue,  No«  4,874. 
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the  Frannhofer  Lines  of  the  solar  spectrum,  aod  the  bright  lines  of  ter- 

E trial  elements.     A  glance  at  Fig,  19  will  show  at  once  the  result  of 
s  inTestigatlon.     The  brightest  line  (!)  of  the  nebula  coincides  ex- 
iy  with  the  brightest  line  (N)  of  the  spectrum  of  nitrogen,  which  is 
i  double  line.     The  faintest  of  the  nebular  lines  (3)  also  coincides  with 
the  bluish -green  hydrogen  line  H/3,  or,  which  is  the  same  thing,  with 
the  Frauohofer  line  F  in  the  solar  spectrum.     The  middle  line  (2)  of 
B  the  nebula  was  not  found  to  coincide  with  any  of  the  bright  Hues  of 
Hthe  thirty  t€rre8trial  elements  with  which  it  has  been  compared;  it 
Hbs  not  ^r  from  the  bariimi  line  Ba,  but  is  not  coincident  with  it. 

IE 
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ris  natural  that  we  should  regard  with  an  intense  curiosity  all  the 
faculties  with  which  our  bodily  frame  is  gifled,  and  that  we  should 
dfttre  to  preserve  them  as  perfectly  as  possible.  The  following  re- 
marks are  designed  to  do  something  toward  gratifying  that  curiosity 
with  regard  to  one  of  the  most  important  of  our  powers,  and  to  give  a 
drv  hint«  in  respect  to  things  that  are  hurtful  to  it. 

Oar  popular  physiologies  teach  us  that  there  is  a  tube  leading  from 
n«  drum  of  the  ear  into  the  throat,  called,  &om  its  discoverer  Eus- 
■leyot,  the  "Eustachian  tube,"  The  use  of  this  tube  is  twofold. 
Mjmy  it  supplies  the  drum  with  air,  and  keeps  the  membrane  exactly 
^^ked^  and  ^e  to  move,  with  equal  aii^pressure  on  each  side^  and, 
^Hjliy,  tt  carries  off  any  fluid  which  may  be  in  the  drum,  and  pre- 
^^m  it  from  being  choked  by  its  own  moisture.  It  is  not  always 
^^Hhowever,  bat  is  opened  during  the  act  of  swallowing,  by  a  little 
^^^b  which  tf(  attached  to  it  just  as  it  reaches  the  throat.  Most  per* 
^^^■a  diiUnctly  feel  that  this  is  the  case,  by  gently  closing  the  nose 
^^■nUawiag ;  when  a  distinct  sensation  is  felt  in  the  ears.  This 
^^Pwa  10  due  to  ft  little  air  being  drawn  out  of  the  ears  through  the 
BlptD  tube  during  swallowuig  ;  and  it  lasts  for  a  few  minutes,  unless 
pktiir  \^  again  restored  by  swallowing  with  the  nose  unclosed,  which 
I  tUovt  for  the  moment  a  free  communication  V>etween  the  ear  and  the 
lihrMt  We  thus  see  a  reason  for  the  tube  being  closed.  If  it  were 
|dvsjs  opca^  all  the  sounds  prodiiced  in  the  throat  would  pass  directly 
flrt^  the  drum  of  the  ear,  and  totally  confuse  us.  We  should  hear 
|tiSi|  breath,  and  live  in  a  constant  bewilderment  of  internal  sounds. 
Ul  the  lame  time  the  closure,  being  but  a  light  contact  of  the  walls  of 
Hl«  labe,  easily  allows  a  slight  escape  of  air  from  the  drum,  and  thus 
pot  only  Militates  and  regulates  the  oscillations  of  the  air  before  the 
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vibrating  membrane,  but  provides  a  safety-valve,  to  a  certain  extent, 
agaiost  the  iBJuriouB  iniuence  of  loud  soundB. 

The  cbief  use  of  the  Eustachian  tnbe  iB  to  allow  a  free  interchange 
of  air  between  the  ear  and  the  throat,  and  thia  is  exceedingly  impor- 
tant ;  and  it  is  very  important  abo  that  its  use  in  this  respect  should 
be  understooi  Persons  who  go  down  in  diving-bells  soon  begin  to 
feel  a  great  pressure  in  the  ears,  and,  if  the  depth  is  great,  the  feeling 
becomes  extremely  painful*  This  arises  from  the  fact  that  in  the 
diving-bell  the  pressure  of  the  air  is  very  much  increased,  in  order  to 
balance  the  weight  of  the  water  above  ;  and  thne  it  presses  with  great 
force  npoo  the  membrane  of  the  drum,  which,  if  the  Eustachian  tabe 
has  been  kept  closed,  has  only  the  ordinary  uncompressed  air  on  the 
inner  side  to  sustain  it*  It  is  therefore  forced  inward  and  pat  upon 
the  stretch,  and  might  be  even  broken.  Many  cases,  indeed,  have 
occurred  of  injury  to  the  ear,  producing  permanent  deafness,  from 
descents  in  diving-bells,  undertaken  by  persons  ignorant  of  the  way  in 
which  the  ear  ia  made;  though  the  simple  precaution  of  frequent  swal- 
lowing suffices  to  ward  off  all  mischief.  For,  if  the  Eustachian  tube  is 
thus  opened,  again  and  agaiu,  as  the  pressure  of  the  outside  air  in- 
creases, the  same  compressed  air  that  exists  outside  passes  also  into 
the  inside  of  the  drum,  and  the  membrane  is  equally  pressed  upon  fi-om 
both  sides  by  the  air,  and  so  is  free  from  strain.  The  same  precaution 
is  necessary  in  ascending  mountains  that  are  lofty,  for  then  there  is 
the  same  effect  of  stretching  produced  upon  the  membrane,  though  in 
the  opposite  way.  The  outside  air  becoming  less  and  less  condensed 
as  a  greater  height  is  gained,  the  ordinary  air  contained  within  tbe 
drum  presses  upon  the  membrane,  which  is  thus  iuBufHciently  sup- 
ported on  the  outside,  and  a  similar  feeling  of  weight  and  stretching  it 
produced.  The  conjurer's  trick  of  breaking  a  vase  by  a  word  resta  on 
the  same  principle.  The  air  is  exhausted  from  within,  and  the  thin, 
though  massive-looking  sides  of  the  vase  eollapee  by  the  pressure  of 
the  air  outside;  and,  just  as  ever  so  small  a  hole,  made  at. the  rigbt 
moment  in  the  side  of  the  vase,  would  prevent  the  whole  effect,  so  does 
swallowing,  which  makes  a  little  hole,  as  it  were,  for  the  moment  in 
the  drtmi  of  the  ear,  prevent  the  in-pressing  or  out-pressing  of  the 
membrane,  Mr.  Tyndall,  in  his  intereeting  book  **  On  Sound,"  tells  us 
how  he  employed  this  precaution  of  swallowing,  and  with  entire  suc- 
cess, when,  in  one  of  his  mountain  excursions,  the  pressure  on  his  etn 
I  became  severely  painful. 

Deafness  during  colds  arises  very  oflen^  though  not  always,  from  » 
,  similar  cause.     For,  when,  owing  to  swelling  of  the  throat,  the  Kii- 

K  Btacbian  tube  cannot  be  opened  by  its  muscle,  and  so  the  air  in  tbe 
H  drum  is  not  renewed,  the  air  that  is  contained  in  it  soon  diminishes, 
I  and  the  outer  air  presses  the  membrane  In,  eo  that  it  cannot  vibrate  aa 

^m         it  should.     This  is  what  has  been  sometimes  called  *'  throat-deafness,'* 
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injtiiiouB  to  the  ear,  and  ought  to  be  carefully  avoided.  Those  who 
have  followed  the  previous  deBcription  will  easily  trnderstand  the 
reason. 

And  firet^  children*e  ears  ought  never  to  be  hoxed.     We  have  seen 
that  the  paaaage  of  the  ear  b  closed  by  a  thin  membraDe,  especially 
adapted  to  be  influenced  by  every  impulse  of  the  air,  and  with  nothing 
but  the  air  to  support  it  internally.     What,  then,  can  be  more  likely 
to  injure  this  membrane  than  a  sudden  and  forcible  compreBsion  of  the 
air  in  front  of  it  ?     If  any  one  designed  to  break  or  overstretch  the 
membrane^  he  could  scarcely  devise  a  more  effective  means  than  to 
bring  the  hand  suddenly  and  forcibly  down  upon  the  passage  of  the 
ear,  thus  dnving  the  air  violently  before  it,  with  no  possibOity  for  its 
escape  but  by  the  membrane  giving  way.    And  far  too  often  it  does 
give  way,  especially  if,  from  any  previous  disease,  it  has  been  weak 
eoed.     Many  children  are  made  deaf  by  boxes  on  the  ear  in  this  way. 
Nor  is  this  the  only  way :  if  there  is  one  thing  which  does  the  nerve 
of  hearing  more  harm  than  almost  any  other,  it  is  a  sudden  jar  or 
•hock.    Children  and  grown  persons  alike  may  be  entirely  deafened  by 
falls  or  heavy  blows  upon  the  head.     And  boxing  the  ears  produces 
a  similar  effect,  though  more  slowly  and  in  less  degree.     It  tends  to 
dull  the  sensibility  of  the  nerve,  even  if  it  does  not  hurt  the  membrane. 
I  knew  a  pitiful  case,  once,  of  a  poor  youth  who  died  from  a  terrible 
disease  of  the  ear.    He  had  had  a  discharge  from  it  since  he  was  a 
child*     Of  course  his  hearing  had  been  dull :  and  what  had  happened 
was  that  Aw  father  had  often  boxed  his  ear  for  inattention  /    Most 
likely  that  boxing  on  the  ear,  diseased  as  it  was,  had  much  to  do  with 
his  dying.     And  this  brings  me  to  the  second  point.     Children  should 
never  be  blamed  for  being  inattentive,  until  it  has  been  found  out 
whether  they  are  not  a  little  deaf.    This  ia  easily  done  by  placing  them 
at  a  few  yards'  distance,  and  trying  whether  they  can  understand 
what  is  said  to  them  in  a  rather  low  tone  of  voice.     Each  ear  should 
be  tried,  trhile  the  other  is  stopped  by  the  finger.     I  do  not  say  that 
children  are  never  guilty  of  inattention,  especially  to  that  which  they 
do  not  particularly  wish  to  hear;  but  I  do  say  that  very  many  children 
are  blamed  and  punished  for  inattention  when  they  really  do  not  hear. 
And  there  is  nothing  at  once  more  cruel  and  more  hurtful  to  the  char- 
aeter  of  children  than  to  be  found  fault  with  for  what  is  really  their 
ndalbrilEDd.     Three  things  should  be  remembered  here:  1.  That  slight 
dagTBoa  of  dea&iess,  often  lasting  only  for  a  time,  are  very  common 
amODg  children,  especially  during  or  after  colds,     2.  That  a  slight 
deftfaan,  which  does  not  prevent  a  person  from  heariog  when  he  is 
ezp^etlng  to  be  spoken  to,  will  make  him  very  dull  to  what  he  is  not 
expeoting ;  and,  3.  That  there  is  a  kind  of  deafness  in  which  a  person 

h€mr  pretty  well  while  listening^  but  is  really  very  hard  of  hearing 
L  not  listening. 
The  obief  avoidable  cause  of  deafeess  is  catching  cold,  and  what- 
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ever  keeps  us  from  ciolds  helps  us  to  preserve  our  bearing.  We  should 
do,  therefore,  those  things  that  help  to  keep  colds  away:  for  which 
the  first  is  taking  plenty  of  fresh  air;  the  second  using  enough,  bat 
not  too  much,  cold  water  all  over  us,  taking  especial  care  to  rub  our- 
selves thoroughly  dry,  and  never  to  let  it  chill  us ;  and  the  third  is  to 
avoid  draughtfc^,  and  wet,  especially  sitting  in  wet  clothes,  or  being  in 
close  or  very  heated  rooms.  But  there  are  some  kinds  of  cold  espe- 
cially hurtful  to  the  ear.  One  is  sitting  with  the  ear  exposed  to  a  side 
wind,  as  too  many  people  do  now  on  the  roofs  of  omnibuses,  and  so 
on.  We  should  always /ace  the  wind  ;  then,  if  we  are  not  chilled,  it  is 
hard  to  have  too  much  of  it.  Another  hurtful  thing  is  letting  rain  or 
sleet  drive  into  the  ear,  against  which,  if  it  were  not  that  people  do 
Bometiiiie&  suffer  from  this  cause,  it  would  seem  as  if  it  conld  hardly  be 
necessary  to  caution  them^ 

Another  source  of  danger  to  the  ear,  however,  arises  from  the  very 
precautions  which  are  sometimes  taken  against  those  last  mentioned. 
Nothing  is  more  natural  than  to  protect  the  ear  against  cold  by  cove^ 
ing  it  by  a  piece  of  cotton-wool ;  and  this  is  most  useful  If  it  is  done 
only  on  occasions  of  special  exposure,  as  when  a  person  is  compelled 
to  encounter  a  driving  storm,  or  has  to  receive  on  one  side  of  the  head 
the  force  of  a  cutting  wind.  But  it  is  astonishing  in  how  many  cases 
the  cotton-wool  thus  used,  instead  of  being  removed  from  the  ear 
when  the  need  for  it  has  passed,  is  pushed  down  into  the  passage,  and 
remains  there,  forming  itself  an  obstruction  to  hearing,  and  becombg 
the  cause  of  other  mischiefs.  Three  separate  pieces  have  sometimes 
been  found  thus  pushed  down,  one  upon  the  other.  Paper  rolled  up, 
which  is  also  used  for  protecting  the  ear  when  cotton- wool  ia  not  at 
hand,  is  still  more  irritating  when  it  is  thus  left  unremoved.  The  wny 
to  avoid  this  accident,  besides  being  careful  not  to  forget,  is  to  use  a 
large  piece  of  wool,  and  to  place  it  over,  rather  than  in,  the  passage. 

It  should  be  remembered  that  constantly  covering  up  the  ear  ti 
adapted  to  injure  it.  On  the  whole,  men  in  whom  the  ear  is  habitually 
exposed,  suffer  if  any  thing  less  from  ear-disease  than  women,  in  whom 
it  is  so  often  covered*  Nor  can  the  ^^  hat  '^  be  held  an  unsafe  head* 
dress  in  this  respect  for  the  latter  sex.  But  it  is  important  that  there 
should  not  be  frequent  changes,  especially  in  cold  weather,  from  « 
head-dress  which  covers  to  one  which  exposes  the  ear.  It  is  better 
that  the  air  should  always  have  free  access  to  it ;  but  if  this  has  not 
been  the  case,  the  summer  should  be  chosen  to  make  the  change. 

All  sorts  of  substances  are  sometimes  put  into  the  ear  by  childreD, 
who  do  it  to  themselves  or  to  each  other  in  ignorant  play.  If  every 
parent  and  teacher  warned  his  chltdren  against  doing  this,  it  would  not 
be  a  useless  precaution.  When  the  accident  happens,  the  cbief  danger 
is  that  of  undue  haste  and  violence.  Such  bodies  should  be  removed 
by  syringing  with  warm  water  alone,  and  no  attempt  should  be  made 
^  lay  hold  of  them  or  move  them  in  any  other  way.     It  is  enough 
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ftiflect,  ftgain,  that  the  passage  of  the  ear  is  closed  by  a  delicate  mem- 
brane to  show  the  reason  for  this  rule.  When  no  severe  pain  follows, 
DO  alarm  need  be  felt.  It  is  importaot  that  the  substance  should  be 
removed  as  speedily  as  is  quite  safe,  but  there  weed  never  be  impa- 
tietkoe;  nor  should  disappointment  be  felt  if  sy ringing  needs  to  be 
repeated  on  many  days  before  it  effects  its  end.  It  will  almost  in- 
ririably  succeed  at  last  in  the  hands  of  a  medical  man,  and  is  most 
effective  if  the  ear  is  turned  downward  and  syringed  from  below* 

Now  and  then  an  insect  gets  into  the  ear  and  causes  gn^at  pain  : 
ibe  way  to  get  rid  of  it  is  to  pour  oil  into  the  ear.  This  sofibcates  the 
insect. 

There  is  another  danger  arising  from  boyish  sports.  Snowballs 
iiQiiietimes  strike  the  ear,  and  the  snow  remaining  in  it  sets  up  inflam- 
oetitioti.  This  danger  is  increased  by  a  practice  which  should  be  mad- 
BOMible,  of  mixing  small  stones  with  the  snow,  which  thus  effect  a 
lo4g:ment  in  the  ear. 

Among  the  causes  of  injury  to  the  ear  must  nnfortunately  be 
reckoned  bathing.  Not  that  this  most  healthful  and  important  pleas- 
ure need,  therefore,  be  in  the  least  discouraged ;  but  it  should  be  w^isely 
regulated.  Staying  too  long  in  the  water  certainly  tends  to  produce 
legfbess  as  well  as  other  evils ;  and  it  is  a  practice  against  which 
yooikg  persons  of  both  sexes  should  be  carefully  on  their  guard.  Bnt^ 
independently  of  this,  swimming  and  floating  are  attended  with  a  cer- 
Um  danger  from  the  difficulty  of  preventing  the  entrance  of  water 
iato  the  ear  in  those  positions.  Now,  no  cold  fluid  should  ever  enter 
tlie  ear;  cold  water  is  always  more  or  less  irritating,  and,  if  used  for 
iyringing,  rapidly  produces  extreme  giddiness.  In  the  case  of  warm 
water  its  entrance  into  the  ear  is  less  objeetionablcj  but  even  this  is 
not  free  from  disadvantage.  Often  the  water  lodges  in  the  ears  and 
produces  an  uncomfortable  sensation  till  it  is  removed :  this  should  al- 
ways be  taken  as  a  sign  of  danger.  That  the  risk  to  hearing  from 
QJiwiie  bathing  is  not  a  fancy,  is  proved  by  the  fact,  well  known  to 
bv€T»  of  dogs,  that  those  animals,  if  in  the  habit  of  jumping  or  being 
thrown  into  the  water,  so  that  their  heads  are  covered,  frequently  be- 
«>ine  dea£  A  knowledge  of  the  danger  is  a  sufficient  guard.  To  be 
••fcitin  only  necessary  to  keep  the  water  from  entering  the  ear.  If 
^  cannot  be  accomplished  othei*wise,  the  head  may  be  covered.  It 
should  be  added,  however,  that  met  hair^  whether  from  bathing  or 
washing,  may  be  a  cause  of  deafness,  if  it  be  suffered  to  dry  by  itself. 
^'^ttever  wetted,  the  hair  should  be  wiped  till  it  is  fairly  dry.  Nor 
^"^bt  the  practice  of  moistening  the  hair  with  water,  to  make  it  cnrl,  to 
P^  withont  remonstrance.  To  leave  wet  hair  about  the  ears  is  to  run 
P8ak  riak  of  injuring  them.  In  the  washing  of  children,  too,  care 
^^K^old  be  taken  that  all  the  little  tblds  of  the  outer  ear  are  carefully 
*^  gently  dried  with  a  soft  towel. 

But  I  come  now  to  what  is  probably  the  most  frequent  way  in  which 
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the  ear  is  impaired  :  that  Ib,  hj  the  attempt  to  clean  It.  It  ought  to 
be  onderfitood  that  the  passage  of  the  ear  doee  not  require  clean ing 
by  us.  Nature  undertakes  that  task,  and,  in  the  healthy  state,  fulfils  it 
perfectly.  Her  means  for  cleansing  the  ear  is  the  wax.  Perhaps  the 
reader  has  never  wondered  what  becomes  of  the  ear-wax.  I  will  tell 
him*  It  dries  up  into  thin  fine  scales^  and  these  peel  off,  one  by  one, 
from  the  surface  of  the  passage,  and  fall  out  im perceptibly,  leaving 
behind  them  a  perfectly  clean,  smooth  surface.  In  health  the  passage 
of  the  ear  is  never  dirty ;  but,  if  we  attempt  to  clean  it,  we  infallibly 
make  it  so.  Here — by  a  strange  lack  of  justice,  as  it  would  seem, 
which,  however,  has  no  doubt  a  deep  justice  at  the  bottom — the  best 
people,  those  who  love  cleanliness,  suffer  most,  and  good  and  CArefiil 
nurses  do  a  mischief  negligent  ones  avoid.  Washing  the  ear  out  with 
soap  and  water  is  bad ;  it  keeps  the  wax  moist  when  it  ought  to  be- 
come dry  and  scaly,  increases  its  quantity  unduly,  and  makes  it  absorb 
the  dust  with  which  the  air  always  abounds.  But  the  most  hurtful 
thing  is  introdncing  the  corner  of  the  towel,  screwed  up,  and  twisting 
it  round.  This  does  more  harm  to  ears  than  all  other  mistakes  together, 
It  drives  down  the  wax  upon  the  membrane,  much  more  than  it  gets  it 
out.  Let  any  one  who  doubts  this  make  a  tube  like  the  passage, 
especially  with  the  curves  which  it  possesses ;  let  him  put  a  thin  mem- 
brane at  one  end,  smear  its  inner  surface  with  a  substance  Eke  the  ea^ 
wax,  and  then  try  to  get  it  out  so  by  a  towel !  But  this  plan  does 
much  more  mischief  than  merely  pressing  down  the  wax-  It  irritates 
the  passage,  and  makes  it  cast  off  small  flakes  of  skin,  which  dry  up, 
and  become  extremely  hard,  and  these  also  are  pressed  down  upon  the 
membrane.  Often  it  is  not  only  deafness  which  ensues,  but  pain  and 
inflammation,  and  then  matter  is  formed  which  the  hard  mass  prevents 
from  escaping,  and  the  membrane  becomes  diseased,  and  worse  may 
follow.  The  ear  should  never  he  cleaned  out  with  the  sorewed-up  comer 
of  a  towel.  Washing  should  extend  only  to  the  outer  surface,  as  far 
as  the  finger  can  reach. 

Ear-picks,  again,  are  bad.  If  there  is  any  desire  to  use  them,  it 
shows  that  the  ear  is  unhealthy ;  and  it  wants  soothingi  not  picking. 
And  there  is  another  danger  from  introducing  any  solid  thing  into  the 
ear.  The  hand  may  get  a  push,  and  it  may  go  too  far.  Many  is  the 
membrane  that  has  thus  been  broken  by  a  bodkin.  Sportsmen  some- 
times have  their  membrane  pierced  by  turning  suddenly  while  getting 
through  a  hedge.  And  it  even  happens  that  a  boy  at  school  may  put 
a  pen  close  to  another*s  ear,  in  play,  and  call  to  him  to  make  him  turn 
his  head ;  and  the  pen  pierces  the  membrane.  Very  loud  sounds  may 
cause  deafness,  too.  Artillerymen,  and  also  eager  sportsmen,  and  very  1 
zealous  volunteers,  incur  a  danger  from  this  cause.  It  is  well  to  stop 
the  ears  when  exposed  to  loud  sounds,  if  possible ;  also  to  avoid  bel-  { 
firiefl  when  the  bells  are  about  to  ring,  A  man  who  was  once  shut  up 
became  stone-deaf  before  the  peal  was  done.    The  sound  of  gum 
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is  more  injurious  to  those  who  are  in  a  confined  space  with  thenij  and 
il«o  if  the  mouth  be  open.     Injury  fro ta  loud  sounds,  also,  i^   much 
more  likely  to  occur  if  they  arc  unexpected  ;  for,  if  they  are  anticipated, 
j  tttf  membrane  is  prepared  far  them,  without  our  knowledge,  by  its 
[liitwcleaL     At  certain  points  on  the  Rhine,  it  is,  or  was,  the  custom  of 
Hie  eaptatn  of  the  steamboat  to  tire  a  fimall  cannon,  to  exhibit  the  echo. 
I  When  this  has  been  done  without  due  warning,  it  has  proved  more 
tkinonce  a  cau.se  of  lasting  deafness.     Sometimes  these  loud  sounds 
iqiKltre  the  membrane ;  sometimes  they  deaden  the  nerve :  the  former 
I  the  least  evil. 
It  is  a  bad  practice,  also,  to  put  cotton-woo]  soaked  in  laudanum  or 
lAloroforra  into  the  ear  for  the  relief  of  toothache.     It  may  be  Rome- 
llinies  effectual,  for  the  nervous  connection  between  the  teeth  and  the 
Hth  very  close.    But  the  ear  is  far  too  delicate  and  valuable  an  organ 
lobe  used  as  a  mediura  for  the  application  of  strong  remedie«  for  dis- 
orders of  other  and  less  important  parts;  and  laudanum,  and   more 
wpecially  chloroform,  is  a  powerful  irritant.     The  teeth   should   be 
i  after  in  and  for  themselves,  and^  if  toothache  spreads  to  the  ear, 
^18  the  more  reason  for  taking  them  thoroughly  in  hand ;  for  pro- 
pain  iri  the  head,  arising  from  the  teeth,  may  itself  injure  the 
tearing.     When  a  child's  ear  becomes  painful,  as  it  so  often  does, 
Kery  thing  should  be  done  to  soothe  it,  atiil  all  stronif,  irritating  appli- 
Itilionp  fchould  be  avoi^led,     Pieces  of  hot  fig  or  onion  should  not  be 
[put in;  bat  warm  tlannels  should  be  applied,  with  poppy-fomentation, 
llf  the  pain  does  not  soon  subside.     How  much  children  suffer  from 
I ilicir  eat^  unpitied  because  unknown,  it  would  probably  wring  the 
Wrts  of  those  who  love  them  suddenly  to  discover.     It  is  often  very 
Wd,  even  for  medical  men,  to  ascertain  that  the  cause  of  a  young 
child's  distress  is  seated  in  the  ear,  and  frequently  a  sudden  discharge 
from  it,  with  a  cessation  of  pain,  first  revesils  the  secret  of  a  myste- 
fiom  attack  which  has  really  been  an  infiammation  of  the  drum.     The 
[  ^tchfaluess  of  a  parent,  however,  would  probably  suffice  to  detect  the 
ctiueof  ©affering,  if  directed  to  this  pointy  as  well  as  to  others.     If 
cbildrea  cry  habitually  when  their  ears  are  washed,  that  should  not  be 
liBgbcted;  there  is,  most  likely,  some  cause  of  pain.     Many  raem- 
Wiftfts  are  destroyed  from  discharges  which  take  place  during  '^'teeth- 
ing,*'   Wlienever  there  is  a  discharge  of  matter  from  the  ear,  it  woidd 
"•fight  to  pour  in  warm  water  night  and  morning,  and  so  at  least  to 
^^y  aod  to  keep  it  clean.     But  into  the  treatment  of  diseases  of  the  ear 
^^  wonlil  not  b«  suitable  to  enter  here, — Abridged  from  the  Peopie^s 
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EbONOMY  OF  RAILWAY  LOCOMOTION. 

Bt  J.  W.  GROVEB,  C.  E. 

THE  primary  conception  of  a  railway  is  a  perfectly  smooth,  level, 
and  straight  road,  upon  which  friction  is  reduced  to  the  minimum, 
so  that  heavy  loads  may  be  propelled  with  the  least  possible  resist- 
ance, and  at  the  highest  rate  of  speed. 

The  earliest  type  of  locomotive-engine  was  designed  to  run  upon 
such  straight  and  level  roads,  and  it  was  supposed  for  many  years  that 
locomotives  could  not  climb  hills,  or  be  made  to  go  round  corners. 

The  first  railway-carriages  were  a  simple  modification  of  the  stage- 
coaches, names  and  all.  It  is  interesting  to  look  at  the  curious  three- 
bodied  "Marquis  of  Stafford" — with  yellow  panels  and  windows, 
filled  with  ladies  in  large  coal-scuttle  bonnets — as  shown  in  one  of 
Ackermann^s  early  engravings  of  the  Liverpool  and  Manchester  Rail- 
way,  the  only  substantial  difference  being  that,  inasmuch  as  the  rail- 
ways of  those  days  were  made  nearly  straight,  no  arrangement  was 
provided  for  allowing  the  axles  of  the  carriage  to  radiate  as  they  do 
partially  in  common  road-vehicles,  but  both  axles  were  rigidly  fartr 
ened  so  as  to  be  immovable. 

Again,  as  all  road-vehicles  have  to  turn  abrupt  corners,  their  wheels 
are  made  to  turn  independently  upon  their  axles,  but,  so  soon  as  fianges 
were  employed  to  keep  the  wheels  of  the  railway-carriages  between 
two  straight  rails,  this  arrangement  was  found  unnecessary,  and,  to 
obtain  greater  strength  and  security,  the  wheels  were  rigidly  fastened 
to  the  axle,  and  both  were  compelled  to  revolve  to*jether. 

Now,  since  the  primary  conception  of  the  perfectly  smooth,  straight 
road,  a  great  degeneracy  has  been  of  necessity  taking  place ;  with 
greatly  increased  demands,  less  capital  than  ever  has  been  forthcom- 
ing; consequently  the  great  cuttings  and  embankments  of  early  days 
are  being  abandoned  as  precedents,  and  it  becomes  necessary  that  rail- 
ways should  approach  more  closely  to  the  form  of  ordinary  roadi, 
which  follow  the  surface  of  the  ground  only,  at  small  cost. 

Hence  it  follows  that  the  rolling-stock  itself  must  revert  more 
nearly  to  its  original  pattern,  readopting  those  contrivances  which, 
under  altered  circumstances,  were  discarded. 

Let  us  keep  to  the  most  elementary  principles,  for  it  is  these  which 
are  forgotten  and  misunderstood,  and  yet  should  be  engraven  on  bra* 
and  hung  up  in  every  railway  board-room  in  the  world.  On  a  coia- 
mon  road,  a  horse  can  pull  a  ton  weight  in  a  cart  behind  him  ob 
the  level  at  4  to  4^  miles  an  hour,  or,  which  is  the  same  thing,  if  i 
weight  of  70  lbs.  were  hung  over  a  pulley  and  lowered  down  a  well, 
he  could  pull  it  up  at  the  speed  mentioned.     It  is  necessary  to  be  i 
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JIttle  explicit,  as  the  remarks  in  this  paper  are  intended  for  Don-tecb* 
nical  readers  particularly.     Now,  if  two  strips  of  iron  calletl  rails  are 
laid  upon  the  aforesaid  road,  the  Iriction  is  reduced  sevenfold;  that  is 
losfty,  the  same  horse  at  the  same  speed  could  draw  7  tons,  the  dititr- 
I  eoce  between  macadam  and  iron  bting  as  70  lbs.  to  10  lbs.     This  im- 
ineose  advantage,  however,  disappears  when  gradients  have  to  be  en- 
countered, because  the  resistance  due  to  gravity  becomes  so  greatly  in 
MCess  of  the  resistance  due  to  friction,  and  is  constant  in  both  cases. 
I  For  instance,  if  on  a  common  road,  up  a  slope  of  one  foot  in  ten,  the 
Itorse  takes  5  cwt.  in  a  cart  over  the  macadam,  If  rails  be  laid  down  up 
tlif  aame  bill,  he  could  only  increase  the  burden  behind  bim  by  a  little 
more  than  1  ewt.,  or,  in  all,  6|  cwts. ;  hence,  in  this  case,  the  value  of 
thi*  railjt  is  nearly  lost..     Hence  the  small  use  of  tramways  where  hills 
L  occur. 

^b     Upon  a  very  good  macadamized  road  the  resistance  due  to  friction 

^Btt  OiaaUy  taken  at  about  one-thirtiefh  of  the  whole  load  carried  j  that 

^■btoftay,  if  the  vehicle  were  put  upon  a  road  sloping  1  in  ao,  it  would 

H  jwt  be^n  to  move  of  itself     But,  upon  a  railway,  under  the  most  fa- 

"^  Torable  conditions,  the  resistance  due  to  friction  has  been  reduced  to 

\\it hBfhhundrecI'and^iffhtieih  pari  of  the  whole  load  carried;  that  is 

loiay,  the  veViicle  will  begin  to  move  of  itself  on  a  gradient  of  1  in 

280.    In  considering  the  work  which  a  horse  can  perform  on  a  tram* 

^y^it  18  important  to  bear  in  mind  the  question  of  speed  ;  for,  accord- 

j       Big  to  the  experiments  of  Tredgold,  be  can  draw  exactly  four  times  as 

I       much  at  two  miles  an  hour  as  he  can  at  five,  and  it  appears  that,  at 

three  miles  an  hour,  he  doe.s  the  greatest  amount  of  actual  ueeful  work, 

'"bereas,  at  ten  miles  an  hour,  only  one-fourth  of  his  actual  power  is 

I ivailahle,  and  he  cannot  exert  that  for  an  hour  and  a  half;  whereas,  at 

Und  a  half  miles  an  hour,  he  can  coTitinue  working  for  eight  hours, 

Sng  these  data  before  us,  it  is  easy  to  compare  the  values  of  steam 

|iDd  faorse-flesh  :  Suppose  coals  to  cost  in  the  midland  districts  18^.  Bd. 

Mon  only,  or  one-tenth  of  a  penny  per  pound,  and,  assuming  that  an 

^en^re  locomotive-engine  will  not  consiime  more  tlum  5  lbs.  of  coal  in 

s  hour  per  horse-power,  the  cost  of  fuel  per  horse-power  will  be  a 

Jfpenny  per  hour.     Taking  the  value  of  the  borsch's  provender  at 

Orf,  a  day  only,  and  supposing  be  works  for  six  hours,  that  would 

COtt  Bid.  an  hour  against  a  halfpenny  in  the  case  of  steam,  or,  as  7  to  1 

io  fiiror  of  steam;  and  this  result  is  obtained  on  the  supposition  that 

thi  liorse  travels  only  at  three  miles  an  hour. 

Now,  to  sum  up  the  combined  advantages,  therefore,  of  an  engine 

«a  levt^l  railway  against  a  horse  on  a  level  common  road  at  10  miles 
boar,  we  shall  find  that  the  former  gives  an  economy  over  the  latter 
ne^irly  300  to  1 ;  at  5  miles  an  hour,  it  would  stand  as  115  to  1  ; 
And,  at  24  miles  ati  hour,  as  64  to  1. 

Such  are  the  enormous  advantages  of  stram  and  rails^  and  with 
Aim  does  it  not  seem  astonishing  that  better  financLil  results  have 
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not  been  obtained  ?  There  must  be  something  wrong  somewhere.  As 
Art  emus  Ward  says,  "  Why  is  this  thus,  and  what  is  the  reason  of 
this  thusness?" 

Speed  is  the  delinquent,  and  the  cause  of  the  loss  of  the  great  pri- 
mary advantages :  the  vehicles  on  railways  are  propelled  very  fast ; 
hence  they  involve  great  strength  in  their  construction,  and  enormous 
weight  in  proportion  to  the  paying  load  carried. 

An  old  stage-coach,  according  to  Nicholas  Wood,  weighed  only  16 
to  18  cwts.,  and  would  carry  upward  of  2  tons  of  paying  passengers 
with  their  luggage,  or  about  -^  of  a  hundred-weight  of  dead  load  to 
every  hundred-weight  of  paying  load.  Now,  a  third-class  carriage 
with  four  compartments  would  represent  2.8  cwts.  of  dead  weight  to 
every  1  cwt.  of  paying  load.  Therefore,  the  stage-coach  has  the  ad- 
vantage over  the  third-class  railway-carriage  of  6^  to  1. 

It  becomes  impossible  to  institute  any  absolute  comparison  between 
roads  and  railways  at  speeds  above  10  miles  an  hour,  because  such 
speeds  are  impossible  on  the  former  for  any  considerable  distance. 
Again,  the  question  of  a  gradient  has  to  be  noticed,  for  in  the  preced- 
ing remarks  a  level  road  and  a  level  railway  have  only  been  con- 
sidered. 

As  has  been  explained,  where  steep  gradients  occur,  the  resistance 
due  to  gravity  so  much  outweighs  that  due  to  friction  that  rails  afford 
a  comparatively  insignificant  advantage,  and  one  which  is  entirely  lost 
if  the  stock  has  to  be  increased  in  weight  6^  times. 

It  may  easily  be  shown  that,  on  a  gradient  of  1  in  10,  for  instance, 
taking  the  foregoing  figures,  the  advantages  of  a  steam-worked  rail- 
way over  a  horse-worked  road  would  be  little  more  than  one-fourth, 
if  the  stock  on  the  former  be  only  6^  times  heavier  in  proportion  than 
the  latter  would  require.  Hence  it  follows  that  no  railway  having 
gradients  of  1  in  10  could  be  worth  making  (assuming  such  to  be  pos- 
sible) unless  the  stock  upon  it  were  assimilated  to  that  of  the  ordinary 
omnibus  or  stage-coach  type. 

In  former  times  calculations  were  made  by  Nicholas  Wood  of  the 
comparative  costs  of  conveyance  on  ordinary  roads  by  horses;  he 
showed  that  on  an  average  a  stage-wagon  could  carry  at  the  rate  of  - 
2^  miles  an  hour  profitably  at  8ef.  a  ton  per  mile  ;  that  a  light  van  or 
cart  at  4  miles  an  hour  could  take  for  \8,  a  mile  a  ton  of  goods.  Pafr 
sengers  in  stage-coaches  were  charged  3</.  a  mile  each,  or  3«.  6<f.  a  toD| 
at  9  miles  an  hour.  Now,  let  us  consider  what  railways  actually  da 
At  the  present  moment  coals  are  conveyed  at  \d,  per  ton  per  mOe,  al 
an  average  speed  of  20  miles  an  hour;  and  this  low  rate  actually. 
leaves  a  profit.  Excursion-trains  take  passengers  at  less  than  \d,  eafik 
per  mile,  at  twenty  miles  an  hour,  or  at  7<f.  a  ton  a  mile. 

Now,  bearing  in  mind  the  relative  proportions  of  paying  and  nOB- 
paying  loads  involved  in  carrying  passengers  and  coals,  a  simple  €•!• 
culation  will  show  that  a  ton  of  passengers  could   be  carried  for 
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I  MiDetliiiig  less  than  Irf.  a  milej  or  ^  part  of  a  penny  eacli.     For, 
[llllioagh  passengers    require    station    accommodatiouj    they  unload 
themselves,  which  coals  do  not. 

In  the  autumn  of  1869,  the  Times  took  up  the  railvv'aj  problem, 

Iwd,  in  a  series  of  very  able  articles,  endeavored  to  show  the  errors  of 
fte  present  state  of  things.     Although  advocated  by  so  powerful  a 
pen,  the  reforms  still  remain  tinacconiplished — indeed,  UQCom men ced. 
It  VIS  then  shown  that  in  practice  every  passenger  on  a  railway  iti- 
tolred  over  2  tons — of  iron  arid  timber — to  carry  him.     Or^  accord iug 
to  Mr,  Haughton,  no  more  than  80  per  cent,  of  the  load  which  is 
killed  by  a  goods-train  represents  paying  weighty  the  rcmaiuiug  70 
prcent,  being  dead  weight.     This  seems  astonishing  truly,  but  it  is 
lotlimg  to  the  passenger-trains,  where  only  5  per  cent.,  or  even  less, 
of  ibe  load  pays,  the  remaining  95  per  cent,  being  made  up  of  ap- 
prently  dead  and  unprofitable  material.     It  is  well  to  keep  this  clearly 
■  iflvieir.    Jn  talking  about  a  passeuger,  with  relatlou  to  a  railway,  one 
|liiiwtaot  picture  to  one's  self  a  respectable  English  eoimtry  gentleman, 
Ifiding  perhaps  some  14  stone,  but  some  Homeric  giaut,  magnified  into 
IpreliiEtoric  proportions,  weightier  than  an  ordinary  Ceylonese  elephant, 
'tad  representing  about  20  to  25  full  sacks  of  coal,  or  2^  tongi. — Ab- 
itroet/rom  Quarterly  Journal  of  Science. 
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IL 

T  ET  m  now  dwell  a  little  on  two  grand  facts  presented  to  os  by 
'^  the  animated  world,  these  two  properties  of  living  beings  equally 
j  Mtniahle  and  unintelligible  in  their  essence — habit,  and  hereditary 
I fciidt-ncy ;  and  let  us  see  bow,  in  Darwin's  theory,  they  will  combine 
r*ith  Intelligence,  As  the  theory  is  well  known,  we  need  not  state  it. 
IvtiTier  believed  in  the  nnchangcableness  of  the  animal  forms  placed 
lOntbeglobe  by  the  Creator  after  each  of  the  great  convulsions  through 
i^wch,  as  he  held,  our  planet  has  passed.  Modem  geology  questions 
[•'*•■«  violent  commotions,  and  Darwin,  taking  up  in  his  turn  Lamarck's 
1  "^1,  after  fifty  years  of  scientific  progress,  maintains,  by  almost  irre- 
[•wtible  arguments,  that  animal  forms,  instead  of  being  nuchangeable,  as 
jlnvier  supposed,  are  slowly  modified,  under  the  control  of  time,  of  eir- 
I ^imHtances,  and  of  the  energies  with  which  each  individual  and  each 
^<J***  fight  the  battle  of  existence."  That  individual  which  brings 
I  "to  life  ji  slight  yet  advantageous  modification  of  its  organs  will  sue- 
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ceed  better  in  life  than  another*  It  will  have  every  chance,  then,  ^Kk 
leaving  a  more  niimcrous  posterity.  If  the  advantageous  modification 
is  transmitted,  which  may  occur  through  hereditary  tendency,  the  de- 
ficendanta  of  this  individual  will  have,  in  their  turn,  the  chance  of  euc- 
coeding  better  than  their  contemporaries.  Tlie  modification,  then,  in 
all  probability,  will  go  on  becoming  more  generui,  by  the  same  law  of 
fatality  that  causes  a  strong  people  to  absorb  a  weak  one :  so  that, 
after  a  longer  or  shorter  time,  the  whole  race  will  end  by  presenting 
the  modification  which  was  only  individual  at  the  outset.  And  sinet* 
there  was  no  reason  why  the  saiiie  phenomenon,  so  natural  and  so 
simple,  should  not  be  repeated  indefinitely,  with  all  imaginable  varia- 
tions, we  underHtand  how  it  may  result,  in  the  infinite  lapse  of  time^in 
that  multiplicity  of  forms  and  characters  which  dihtingnishes  animal 
epecies  to  our  eyes. 

Darwin  says,  in  those  pages  in  which  he  treats  of  instinct,  that,  if  it 
were  possible  to  prove  that  a  habit  might  become  hereditary,  all  dbtinc* 
tion  between  habit  and  instinct  won  Id  absolutely  vanish.  Darwin 'a  lit* 
erary  procedure  is  that  of  always  urging  his  reader  further  than  he 
seems  to  go  himself.  He  suggests  the  best  arguments  in  the  world  with 
a  doubtful  air,  and  one  is  every  moment  surprised  to  find  one*8  self  so 
strongly  convinced  when  the  author  seems  convinced  so  little.  And, 
in  fact,  we  cannot  deny  that  young  puppies  often  come  to  a  point  the 
very  first  time  they  are  sent  out  hunting,  and  that  even  belter  than 
others  after  long  training.  The  habit  of  saving  life  is  hereditary  in 
some  breeds,  just  as  the  shepherd's  dog  has  the  liabit  of  walking  aronad 
the  flock.  AH  these  acts  are  performed,  without  the  aid  of  exper 
by  the  young  as  well  as  the  old,  aud  certaiuly  apart  from  any  i 
of  the  object — at  the  first  time,  at  least.  The  objection  is  idle  that 
only  those  habits  imposed  by  men  on  brutes  are  transmitted  in  tbifl 
way.  More  than  one  instance,  taken  from  wild  animals,  proves  the 
contrary.  The  best  is  perhaps  that  which  we  see  done  by  a  bird  of 
our  own  country,  the  oriole.  It  has  a  very  peculiar  cradle-shaped  nest| 
hung  from  the  fork  of  a  branch,  sewed  at  the  edges  with  flexible  grasti 
and  always  with  bits  of  string,  shreds,  or  packthread.  There  i» 
oriole's  nest  without  some  fastening  worked  by  man's  hand.  If  this 
a  habit,  it  is  hereditary ;  if  it  is  an  instinct,  it  will  be  admitted  atle 
that  it  does  not  go  back  to  the  beginning  of  the  world. 

From  birth,  one  individual,  or  several  individuals  of  the  same  i 
cies,  placed  in  similar  conditions,  have  had  some  habits     One  of  l^ 
thiuga  :  this  habit  is  injurious,  or  it  is  useful ;  it  Is  either  good  or  1 
from  the  point  of  view  of  the  preservation  of  the  individual,  and 
sequent ly  of  the  species.     If  it  is  injurious,  it  necessarily  tends  to  \ 
appear,  either  with  the  individual  which  has  taken  it  on,  or  with 
descendants  which  will  inherit  from  it.     If  the  habit  is  favorablt 
has  the  chance  of  transmitting  itself  under  the  form  of  an  instiu 
This  instinctj  at  first  confined  to  a  few  individuals  of  the  same  bio 
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tends  to  become  general,  since  it  is  advautageous^  and  we  tbiis  fall 
back  into  a  particular  ease  of  the  great  pnuciple  of  iiaturiil  selection 
formttlHtcd  by  Darwin.     Let  us  go  on.     Thus  far  this  insitinct  is  but 
Utile  cora plicated,  since  it  has  only  the  significance  of  a  liabit  that  one 
individual  may  have  been  able  to  take  up  witli  its  sliare  of  iiitcUi- 
g-ence.     Now  that  it  is  seen  rooted  under  the  form  of  instinct,  each  in- 
rlividual  in  its  turn,  with  its  own  share  of  intelligence,  may  be  able  to 
£L*id  something  to  it  of  its  own  accord.     If  thai  addition  is  still  favor- 
able, and  again  gets  transmitted,  it  will  tend  in  the  same  way  to  b&- 
<?ome  general ;  the  acquired  instinct  will  grow  so  much  the  more  com- 
plex ;  an<l,  exactly  as  organic  modiicalions  scarcely  perceptible,  but 
accumulated  successively,  to  a  sufficient  number,  have  been  able  to 
:i3auUiply  animal  forms  infinitely,  so  instinct,  by  almost  imperceptible 
%^ut  continaous  additions,  may  be  able  to  end  by  reaching  that  state  of 
^>erfection  in  which  philosophers  had  supposed  they  saw  the  convincing 
^>roof  of  a  prefistablished  harmony. 

Some  naturalists  even  now  are  not,  very  fortunately,  inspired  when 
-^liey  attempt  to  prove  to  us  that  the  corporeal  organization  of  every 
^^nimal  is  conceived  and  framed  with  regard  to  its  instincts.     We  need 
■MM  oi  go  far  to  learn,  as  indeed  we  might  expect  from  what  has  gone  be- 
fore, that  instinct  is  in  many  cases  independent  of  external  forms.     All 
l:>ini8,  whether  they  are  masons,  like  the  swallow;  weavers,  like  the 
"^wrarUer;  carpenters,  like  the  crow  ;  mound-builders,  like  the  megupode 
— ^have  the  same  beak,  the  same  claws,  and  forms  almost  the  same. 
T*be  European  beaver,  inhabiting  the  affluents  of  the  Rhone  and  the 
X)aiiulie,  is  scarcely  to  be  ilistinguished  from  the  American  beaver,  yet 
He  has  quite  a  different  kind  of  work  to  do.     The  American  beaver, 
on  his  lakes  and  great,  lonely  rivers,  builds  the  famous  bouses  so  well 
known;  the  European  beaver  burrows  long  galleries  underground  in 
fe  manner  of  moles.     If  he  has  always  done  so,  what  becomes  of  tiiat 
■opposed  necessary  correlation  between  the  organs  and  the  instinct  of 
» burrowing  animal  on  one  continent,  a  building  animal  on  the  other, 
'riih  the  same  members  for  two  objects  so  different  ?     If  the  European 
"favenlid  once  build  huts,  where  shall  we  find  more  deeislve  testimony 
I"  favor  of  the  theory  of  mutability  in  instincts?     Pursued  for  his 
^ftnn  covering  and  his  flesh,  he  has  changed  his  instincts,  before  in- 
^atlhig  civiliziition,  more  rapidly  than  his  external  form.     It  is  a  point 
*ell  established  at  this  day  that  the  contact  with  man  has  had  a  deci- 
•i^eeff^ct  on  the  instinct  of  many  animals.     It  is  thus  that  in  luhabited 
*»UQtrics  large  birds  take  flight  at  his  approach,  while  they  still  allow 
wa  to  come  close  to  them  in  countries  visited  by  travellers  for  the 
■J^ttime,     Wherever  they  have  been  hunted  like  a  prey  that  is  worth 
«e  trouble  of  pursuit  for  their  flesh  or  their  feathers,  they  have  formed 
^whahit,  and  then  have  had  the  instinct  of  taking  flight. 

Let  us  return  to  insects.   Two  ins  tine  ts,  the  most  remarkable  among 
«l,We  presented  by  them;  that  of  the  bee,  with  its  mathematical 
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ardiitecture,  and  tliat  of  tlie  ant,  with  ite  mixed  societieft.  Before  in- 
quiring wliether  it  might  not  he  possible  to  explain  even  such  aniaang 
inslineta  hy  hahit  and  inherited  tendency,  it  is  important  at  the  oatset 
to  remoi^e  an  objection  that  might  he  supposed  unanswerable,  lljose 
individuals  that  have  these  instiiicts  in  the  hive  or  in  the  ant-hill  are 
neutere — that  is  to  Bay,  they  are  neither  male  nor  female,  and  must 
consequently  die  without  posterity.  How  explain  the  way  in  which  & 
habit  acquired  by  a  neuter  can  he  transmitted,  can  grow  into  an  in- 
stinct, iu  the  neuters  of  following  generations,  which  will  not  descend 
from  that  first  one  ?  Yet  the  difficulty  is  not  so  great  as  it  seems^  and 
Darwin  points  it  out  very  well  Indeed,  it  is  not  the  instincts  of  the 
neuters  which  concern  him,  but  it  is  the  special  organic  mod iticat ions 
that  these  present,  in  connection  with  their  social  duties — with  some, 
labor,  and  with  others,  fighting ;  but  the  reasoning  he  employs  can  be 
applied  as  well  to  instincts,  behind  which  there  always  appear!*,  as  W6 
see  by  a  little  reflection,  tliat  latent  modification  of  the  cerebral  organ 
through  which  the  transmission  has  taken  place. 

Darwin  begins  w  ith  a  reminder  that  the  principle  of  natural  selec- 
tion is  true  as  well  for  communities  as  for  individuals.  The  strength  of 
a  single  male  in  a  wild  herd,  the  extraordinary  fecundity  of  a  single  fe- 
male, will  be  the  elements  of  prosperity.  The  herd  will  succeed  better 
than  the  rtst.  The  qualities  of  the  individual  from  which  it  draws  its 
advantage  will  have  a  chance  of  being  transmitted  at  first  to  all  the 
herd,  and  tins,  more  and  more  favored  in  the  struggle  against  the 
outer  world,  will  absorb  the  rest.  The  modification,  at  first  individual, 
will  become  general  It  would  be  the  same  if  the  member  of  the  herd 
benefited  in  the  beginning  had  been  a  neuter.  We  are  still  speaking 
of  external  forms.  Let  us  suppose  that  a  certain  numl)er  of  neutera 
may  have  brought  from  birth  a  favorable  organic  modification  into  i 
community  of  insects,  and  that  by  this  the  community  has  prospered; 
the  males  and  females  who  have  produced  these  neuters  will  then  have, 
by  them,  the  greatest  possible  chances  of  posterity.  It  may  liappen 
thenceforward  tliat  they  transmit  to  their  descendants  what  they  had 
themselves — that  is  to  say,  the  property  of  procreating  neuters  having 
the  same  favorable  organic  modification— and  we  thus  fall  back  into 
the  common  process  of  natural  selection.  Such  is  Darwin's  cxplaiw 
tion ;  he  is  well  aware,  when  he  gives  it,  complex  as  it  is,  that  it  is  tiie 
touchstone  of  his  theory,  the  side  whence  attack  will  come;  therefon^ 
how  he  Btrengtliens  his  argument s  1  Me  is  no  longer  satisfied  with 
plaifiing,  he  demonstrates  j  he  is  supposed  to  Inive  exhausted  his 
sons,  and  this  is  the  Very  moment  lie  chooses  for  an  appeal  to  ex; 
ment,  and  to  the  proof  of  that  kind  of  paradox  that  might  be 
"hereditary  tendency  in  sterility."  There  are  oxen  with  horns  a  li 
longer  than  those  of  the  bulls  and  heifers  ihat  produced  them,  "  \'' 
says  Darwin,  *' pair  together,  by  attentive  selection,  the  ferti. 
soendants  of  the  bulls  and  heifers  that  produced  the  oxen  with  hlTlJ^^ 
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ionifl^  and  before  long  you  will  have  a  race  of  oxen  in  which  length 
of  horns  will  be  bert^ditary,  although  the  auirnal  is  sterile."  The  ex- 
perimt'nt  has  yet  to  be  made,  and  is  worthy  of  being  a  temptation  to 
!  one  of  the  great  English  lords  who  know  so  well  how  to  spend 
fortunes  for  the  advance  of  science.  There  is  every  reason  to 
re  thai  it  would  succeed  j  and,  if  this  striking  instance  ever  comes, 
just  iff  Darwin*s  theories  in  their  points  most  difficult  of  explana- 
on,  bow  can  we  avoid  accepting  them  in  their  completeness,  as  well 
br  external  forms  as  for  instinct  ? 

Neuters  ixi  a  community  bring  at  their  birth  an  intellectual  dispo- 

a  special  tendency.     The  community  benefits  by  it,  and  pros- 

|{  bat  the  parents  of  these  neuters  have  produced,  besides,  ranles  and 

lea,  wbo  will  be  able  to  inherit  in  their  turn  the  property  of  giving 

^Jfeto  neuters  having  the  same  disposition  or  the  same  tendency  with 

ke  first.     This  becomes  hereditary  ;  it  fixes  itself  in  the  race ;  it  is 

bence forward  an  instinct ;  and  it  will  be  able  to  continue  developing 

elf  thus  by  a  sort  of  collateral  inheritance.     The  source  of  it  w^ill 

nae  in  the  parents  without  its  being  necessary  that  they  sljoiild 

it  themselves,  exactly  as  the  reason  for  the  long  horns  of  the 

leo  is  ill  the  parent  bull  and  heifer  w^hich  have  only  short  ones  them- 

Even  after  confuting  this  great  objection  of  t)ie  neuters*  the  prob- 
i  fif  explaining  the  architecture  of  bees  by  natural  conditions  seemed 
I  to  defy  every  attempt.  Yet  Darwin  undertook  to  solve  it.  Aided 
'  the  experiments  of  his  countryman  Waterhouse,  he  shows  that  all 
(Uft  labor,  worthy  of  the  most  practised  geometrician,  can  be  reduced,  in 
tfa#  bit  analysis,  to  a  certain  number  of  very  simple  habits,  taken  in 
lOMefnou,  BO  that  by  a  linking  together  of  facts,  hypothetical,  it  is 
twe,  yet  all  perfectly  plausible  and  possible,  we  arrive  at  the  discovery, 
IiiIm  biological  laws  already  known,  of  a  natural  explanation  of  that 
JBittori  which  seems  to  shai-e  in  the  miraculous.  We  know  the  subject 
la <{tt«ilioti«  Tlie  cells  of  the  bee  are  six-sided  prisms  of  perfect  regu- 
kriiy.  Tlie  most  interesting  point  is  the  bottom  of  tVie  cell ;  it  is 
fecnird  of  a  hollow  pyramid  of  three  equal  sides,  and  arranged  m  such 
t  Biaoiicr  that  each  contributes  its  share,  on  the  other  side  of 
llie  eomb,  lo  make  the  bottom  of  a  distinct  ceU ;  the  bottom  of  each 
I  ihiu  rests  on  three  cells  on  the  other  side  of  the  comb.  Bufion 
rvmark  this  combination;  he  only  spoke  of  the  regular  hex- 
1!  dir«igfi  of  the  whc^le,  and  on  this  sul)ject  he  had  a  singular  idea, 
**lliebeei,"  he  said,  *•  all  want  to  makeacylindnral  chamber  fort  hem- 
mtfm  in  the  wax,  but  room  is  wantiu^^ ;  ou  the  comb,  which  is  too 
inaU,  wacb  one  attempts  to  settle  itself  in  the  way  most  convenient 
'  il9rlf,  at  the  name  time  that  all  are  equally  in  each  othcr^s  way. 
Ml  r#?Ua  are  hexagonal  only  on  account  of  reciprocal  obBtacles.  For 
ime  reafon,"  he  adds,  "as,  if  we  fill  a  vessel  sviih  peas  or  cylin- 
gr^^^llm^^^^b^l^after  pouring  in  as  much  water  as  the 
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intervals  between  these  grains  can  receive,  and  set  the  water  boiling, 
all  these  cylinders  will  become  six-sided  columns/'  Bofibn's  com- 
parison has  been  a  good  deal  laughed  at,  yet  it  is  not  altogether  bad. 
He  understood  that  each  cell  with  its  sides  cut  at  regular  angles  was 
not  an  individual  work,  nor  the  direct  execution  of  the  original  plan ; 
that  it  was  a  kind  of  resultant  brought  about  by  the  forced  neighbor- 
hood, the  mutual  crowding  and  hindering  of  constructions  conceived 
on  a  simpler  plan,  and  one  more  usual  among  insects,  the  cylindrical 
cliamber. 

The  humble-bees,  which  are  hymenopterous  insects,  like  honey- 
bees, put  their  store  of  honey  away  in  their  old  cocoons.  When  the 
vessel  is  too  small,  they  add  to  it  at  the  opening  a  prolongation  of  wax. 
It  may  even  occur  that  they  build  single  cells,  of  an  irregular  globular 
form ;  this  is  a  first  step,  the  primitive  wax-working.  There  is  noth- 
ing very  remarkable  yet  in  this ;  but  the  next  step  becomes  more  im- 
portant. Between  this  rude  simplicity  and  the  work,  so  finished,  of 
the  bee,  we  find  something  intermediate,  the  honey-cells  of  the  domes- 
tic mHipone^  of  Mexico.  The  insect  itself  forms  a  transition,  by  its 
external  marks,  between  the  honey-bee  and  the  humble-bee,  and  is 
nearer  to  the  latter.  To  preserve  its  honey,  it  builds  a  pile  of  large 
spherical  cells,  all  placed  at  equal  distances  apart,  only  that  this  dis- 
tance is  everywhere  less  than  twice  the  radius  of  the  spheres,  so  that 
they  all  encroach  on  each  other,  and  are  kept  apart  by  a  perfectly  flat 
partition,  having  exactly  the  same  thickness  as  the  curved  wall  that 
bounds  the  free  and  spherical  portion  of  each  cell.  If  three  are  fouod 
to  adjoin,  the  lines  of  separation  cross  at  equal  angles,  and  their  com- 
mon meeting-point  rests  on  the  top  of  a  pyramid  with  three  walls 
formed  by  the  three  cells,  exactly  as  in  a  honeycomb.  Reflecting  on 
all  this,  Darwin  says  the  thought  occurred  to  him  that,  if  the  melipone, 
which  already  builds  its  spheres  at  equal  distances  apart,  were  to  come 
to  disposing  them  symmetrically  and  back  to  back  upon  two  opposite 
sides,  there  would  result  from  this  fact  a  construction  as  admirable  U 
the  bottom  of  a  double  rank  of  cells  in  the  hive. 

Has  the  constructive  genius  of  the  wasp  and  the  bee  passed  through 
thepe  transitions?     It  is  impossible  to  assert  it;  but  the  evidence 
shows,  and  calculation  confirms  it,  that  some  modifications,  slight 
enough  definitely,  occurring  in  the  instincts  of  the  melipone,  might 
lead  it,  after  an  indefinite  number  of  ages — we  must  always  calculate 
on  such  periods  of  time — to  build  those  three-angled  pyramids  which 
are  already  found  in  its  constructions,  in  two  or  three  ranks ;  then  to 
build  upon  those  pyramids,  on  each  side,  prolongations  cylindrical  in 
principle,  like  those  which  the  humble-bee  puts  on  its  cocoons,  and 
prism-shaped  from  their  nearness  to  each  other.     Besides,  such  a  con- 
struction upon  a  flat  surface  of  its  honey-cells  by  the  melipone  would 
be  nothing  very  extraordinary ;  in  this  way  it  builds  the  little  cbam' 
bers  where  it  deposits  its  grubs. 
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I        In  the  general  effort  that  prodnces  the  honey-comb,  it  is  important 
to  mnke  allowance  for  that  supreme  law  of  necessity  which  Biiflba 
nfert  to,  and  which  compels  each  insect,  if  it  makes  a  mistake  in  its 
ta?»9arementi»,  to  begin  its  work  again,  under  penalty  of  seeing  it  de- 
^myed  by  its  neighbors.     The  bee*8  cell  is  no  more  an  individual 
work  tlian  it  is  a  work  finished  all  at  once.     At  the  beginning,  the 
Eiix-flided  plan  is  scarcely  indicated ;  the  original  wall  is  clumsy^  often* 
\  too  thick ;  it  is  attempted  a  second  time,  made  thinner  at  the 
thickened  at  the  top,  crowded  by  force  into  its  right  place, 
and  worked  over  and  over  constantly  to  the  last  perfection.     The  geo- 
-metric  regularity  of  the  whole  is  the  result  of  long  tentative  work.     A 
kuUttnde  of  bees  are  laboring  on  it  at  once,  each  for  a  time  at  one 
Itell,  then  at  another,  and  so  on  ;  twenty  insects  at  leaj^t  busy  them- 
belres  with  the  first  chamber,  which  at  the  outset  is  very  irregular; 
■PH  chambers  are  added,  and  the  fii^t  remade.     On  all  these  points 
|BiTwin  and  other  English  naturalists  have  made  very  cnrions  experi^ 
Ijlu^uts,  which  deserve  to  be  cited   along  with  the   observations    of 
Bhtteia  Huber.     He  observed,  to  learn  ;  theyevperimented,  to  explain, 
^Ijr dealing  with  swarms  or  individuals  properly  isolated,  by  modify- 
ing their  conditions  of  labor,  by  deceiving  their  instinct,  we  should 
doubtless  succeed  in  decomposing  it  by  a  kind  of  physiological  analy- 
iiifftt  the  same  time  that  we  should  ascertain  more  clearly  the  toler- 
liMjr  Urge  share  that  intelligence  probably  has  in  this  industry  of  the 
W,    This  is  an  aspect  of  the  problem  that  is  perhaps  too  much  neg- 
Iwlfsl  by  Darwin,  but  indicated  by  Mdlle.   Cl6mence  Royer  in  the 
Ifioteii  added  by  her  to  the  French  translation  of  the  "Origicj  of  Spe- 
Itfei**'    We  may  ask,  Why  should  not  the  bee  itself  be  sensitive  to  that 
Ikminay  of  lines  which  strikes  our  eye  in  its  work  ?     Why  deny  so 
ilDpU*  un  impression  as  that  which  springs  from  regularity,  to  that 
bfiia  which  is  of  tiny  dimenmon^,  it  is  true,  but  which  is  quick  to 
fcllw  relaliaQS  of  far  greater  complexity  between  cause  and  effect, 
mWi  to  choose  tlie  best  place,  to  avoid  an  obstacle,  to  pursue  with 
Ipftad  fftiiig  the  enemy  of  the  hive?     We  have  seen  how  the  ant  un- 
dcntmadft  when  an  object  is  too  large  to  pass  tlirouglj  the  entrance  to 
JllraTe,     The  bee,  to  which  we  would  attribute  sensitiveness  to  regu- 
■rity  of  lines,  certainly  has  the  notion  of  relatione  of  length.     There 
^^klmrge  moth,  the  death*s-head  sphinx,  x(^ry  fond  of  honey,  and 
HRl  sskt  nothing  better  than  to  make  its  %vay  into  tlie  hive;  its 
Kdy^  hairy  and  corered  with  horny  plates,  defies  the  sting.  The  beeS| 
■v^ii>g  this  unwelcome  visit,  know  very  well  how  to  protect  them- 
Mti ■  from  it  in  regions  where  tfie  sphinx  abounds.     As  ^oou  as  the 
priie^l  owe*  begin  to  show  themselves  in  the  evenings  of  the  longest 
mj^t  a»  M.  Blanchanl  relates,  the  bc'cs  narrow  the  opening  of  the  hive 
■  inch  %  way  that  the  robbi^r  can  no  longer  get  in.     When  the  season 
^^Bfi  inolh  has*  gone  by,  they  destroy  the  new  construi'tion,  and  re« 
BVlhe  parage  of  its  original  ^ize.    Certainly  these  are  creatures 
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tbat  have  a  measuring  eye  \  Is  there,  then,  so  wide  a  distance  be- 
tween this  power  of  eye  and  the  sense  of  symmetry,  which  the  lowest 
savage  has  who  is  sensitive  to  the  harmony  in  the  lines  of  a  carving  or 
a  tattooing?  Is  it  not  simpler  to  suppose  that  the  bee  has  sometbiDg 
of  the  same  sensibility,  rather  than  a  sort  of  mathematical  instinct, 
Buch  as  is  sometimes  attribated  to  it  ?  The  whole  cerebral  physiology 
of  insects  remains  to  be  ereatcrl.  While  we  are  no  fnrther  advanced, 
it  is  perhaps  rash  to  allow  much  to  their  intellectual  faculties,  but  it  is 
certainly  unreasonable  to  degrade  them  too  much.  And,  besides, 
there  is  still  in  us  that  old  sin  of  pride,  on  which  Montaigne  rallies  xis 
80  delicately,  just  with  respect  to  the  reason  of  animals.  He  uudei'^ 
stood  animals  much  better  than  Descartes;  he  loves  them,  he  plays 
with  his  cat,  and  thi^  intercourse  en  Ugh  tens  him ;  he  speaks  with 
sound  judgment  of  the  too  narrow  share  of  intelligence  allowed  lo 
animals  by  man,  while  he  himself"  goes  soaring  in  imagination  bt-yoi 
the  orbit  of  the  moon," 

As  to  the  legionary  ants,  the  connection  of  the  successive  phenol 
ena  serving  to  explain  the  appearance  and  development  of  their 
stiuct  was  far  more  difficult  to  conceive.  We  might  well  have  desjkaired 
of  any  reasonable  deduction,  had  not  certain  facts,  here  and  there  in 
Nature,  come  to  our  aid  and  put  us  on  the  right  track,  by  showing  us 
elsewhere  the  same  instinct,  less  developed,  or  moditied  in  ditfcreni 
ways.  These  observations,  coon^inated  by  Darwin,  have  been  like 
flashes  of  light,  and  have  allowed  us  to  coriceive  the  evolution  of  these 
singular  habits  in  a  manner  at  least  plausible.  Thus,  it  is  not  uncom- 
mou  that  certain  ante,  which  do  not  usiually  take  aujciliaries,  carry  away 
to  their  hills  nymphs  that  are  found  by  chance  in  their  neighborhood. 
It  is  not  unlikely  that  some  of  these  nympha*  may  have  happened  to 
come  out,  and  may  have  performed  the  functions  of  tlieir  special 
stinct  in  their  adojited  city.  If,  now,  it  is  admitted  that  these  servii 
may  be  of  s^ome  use  to  the  hill,  then  it  will  thnve  better,  and  afterwa; 
it  may  happen  that  the  name  chance  captives  and  chance  comin 
of  nymphaj  may  be  repeated.  At  laat,  the  habtt  will  be  formi 
then  the  instinct  will  supervene,  of  carrying  otF  stolen  nympha: 
the  same  time  the  presence  of  these  strangers  will  almost  neccs^iari] 
react  upon  the  robber-ants.  Their  instincts  and  their  organs  will 
simultaneously  moditied,  always  upon  the  same  principle,  in  the  d 
tion  most  favonible  to  the  speeiiil  duty  that  ttiey  perform  in  the  c< 
munity*  From  step  to  step,  by  a  succession  of  scarce  I  y-perceptil 
modifications,  accumulatinLT  through  centuries  and  ages,  we  shall 
rive  at  races  of  legionaries  as  dependent  on  their  comrades^  labors 
the  species  studied  hy  Peter  Hiiber, 

Each  instinct  that  we  study  displays  itself  to  us,  in  a  manner,  mv 
an  absolute  form ;  we  never  see  it  change ;  therefore  it  is  said  to 
unchangeable.  This  is  the  illunion  common  to  all  phenomena  thai 
too  s!ow  for  their  progress  to  be  measured  by  the  life  or  the  mein^ 
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I  of  man.    Yet  the  European  beaver  and  the  oriole  give  as  examples  of 
toMtbcts  that  go  back  to  a  date  relatively  not  very  ancient.     We 
Bnoir  now,  too,  that  the  nests  of  the  same  epecies  of  birds  sometimes 
|pre«ent  remarkable   enough  variations  in  diHerent   countries.     That 
Damn  should  point  out  with  great  care  these  instincts,  varying  with 
latitudes,  is  very  natural;  but  we  should  Ifss  naturally  expect  to  find 
t  limilar  fact,  in  the  book  of  a  panisan,  of  the  nnchangeableness  of 
instincts.     The  leaf-cutter,  another  hymenoptcrous  insect,  lays  its  eggs 
in  little  chambers  made  of  bits  of  leaves  which  it  has  rapidly  cut.     In 
I  our  country  it  is  always  a  rose-leaf.     Yet,  "we  are  assured,"  says  51, 
iBlanchard^  "that  our  cutter  of  rose-leaves,  finding  itself  in  some  place 
lilt  Russia  where  there  are  no  rose-bushes,  makes  its  nest  with  willow 
|0ro,4ier  leaves,'*     Tlierefore,  instinct  niu^t  vary  in  i^pare  as  it  has  va- 
l  tied  in  time  I     It  is  not  at  all  the  case  that  the  same  legionaries  are 
irerywhere  as  dependent  on  their  comrades  as  those  that  Peter  Iluber 
WW  in  the  environs  of  Geneva.     In  England,  as  in  Switzerland,  the 
ftuxilljiries  reared  by  the  dark-red  ants  take  complete  care  of  the  larvte, 
while  the  legionaries  alone  go  on  expeditions  ;  but  in  Switzerland  the 
two  caster  together  busy  themselves  about  all  works  of  constructioa 
or  ''ipply*  whQe  in  England  the  legionaries  alone  go  out  to  gather 
K  provisions  and  materials  ;  the  auxiliaries  remain  shut  up  within  ;  they 
H  thus  render  less  service  to  the  community  than  they  do  m  Switzerland, 
H     It  will  be  said,  perhaps,  that  the'se  differences  are  a  very  trifling 
W  ttatter.    They  are,  at  least,  enough  to  show  how  the  ancient  doctrine 
of  Cuvier  has  been  shaken,  and  liow,  in   the  infinite  lapse  of  time, 
tk§i>  instincts  may  have  become  developed,  which  mere  geographical 
iccideats  suffice  to  modify  slightly.     The  grand  solution  of  instinct  is 
^Time ;  that  immeasurable  duration  of  those  geological  epochs  which 
otirmind  holds  in  contemplation,  but  of  which  it  can  no  more  form  an 
iJt'a  ihan  of  the  measure  of  tlie  heavenly  spaces.     Modern  science  be- 
gins to  be  amaised  at  those  figures  of  ages  which  it  must  count  since 
the  rude  attempts  at  primitive  human  industry*     What  shall  we  think 
^^thm^  times,  measured  by  the  planet ''s  growth,  through  which  the 
ifiBtinct  of  the  legionary  ants  may  have  been  originated,  detined,  and 
effected  ?     The  ant  not  only  saw  the  epoch  of  the  reindeer  and  the 
amraoth,  and  the  glaciers  of  the  Jara  creeping  down  the  valley  of 
Rhone — it  was  a  contemporary  of  that  period  which  geologist  a 
rk  l»y  the  lifting  of  the  Alps.     The  atit  is  older  on  the  earth  than 
(wt  Blunc,     They  existed  already  in  the  Jurassic  period,  very  little 
lerent  from  what  they  are  in  our  own  times.      While  an  inland  flea 
|lt   flowed  over  the  site  where  later  Paris  was  to  stand,  they  were 
mntlituiUnQUS  in  the  central  regions  of  Europe  that  were  out  of  water. 
Xe  uiJiy  judge  of  this  by  the  mass  of  their  remains;  they  fill  thick 
^Bneiv  of  territory  at  Oeuingen,  on  the  shores  of  Lake  Constance,  and 
^■Rduloboj^  in  Croat ia ;  the  rock  is  black  with  anls,  nil  wonderfully 
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count  fifty  species  in  Europe,  More  than  a  hundred  have  been  found 
by  Hecr,  of  Zurich,  and  Mayr,  of  Vienna,  hi  the  cantons  of  OeDitigen 
and  Radoboj  alune;  several  seem  identical  with  existing  species,  Meet 
of  tliem  have  wings;  these  are  males  and  females.  Workers  are  rare; 
and  that  is  explained  by  the  nature  of  the  rock,  deposited  at  the  bot- 
tom of  still  waters.  The  winged  insects  fell  into  it  by  thousands;  thu 
workers,  more  lowly  in  existence,  attached  to  earth,  have  left  fewer 
victims  in  the  streams  that  preserve  the  record  of  that  age.  For  the 
same  reason,  those  sepulchres,  so  rich  in  species,  teach  us  nothing  of 
the  habits  or  abodes  of  the  ants  of  that  time.  What  we  do  know  i», 
that  there  were  also  plant-lice  in  the  country,  and  ihat  the  larva?  of 
phryganes  made  for  themselves  even  then,  as  they  do  now,  those  easti 
in  which  they  live,  and  which  they  carry  about  everywhere  with  them. 
Some  of  these  have  been  found  at  Oeningen.  We  have  butterflies' 
wings  of  that  era  with  tlieir  marks,  if  not  with  their  coloring,  Wbo 
knows  whether  we  shall  out  some  day  discover  a  wasps^-nest  dropped 
from  a  bough,  and  a  trifle  less  regular  than  those  of  to-day  ?  Even 
were  it  just  as  perfect,  that  would  in  nowise  weaken  the  hypothesis  of 
progressive  development  in  the  instinct  by  which  it  was  built.  Should 
we  not  have,  beyond  the  Jurassic  epoch,  an  enormous  past,  beside 
which  the  actual  age  now  of  the  deposits  of  Oeningen  and  Radohoj  j^ 
perhaps,  like  a  day  or  an  hour  in  the  history  of  man  ?  ^| 

The  gnind  result  which  the  introduction  of  Darwin's  ideas  into  bio- 
logical science  has  liad  is,  beyond  question,  to  have  transformed  a  i 
ject  hitherto  deemed  unapproachable  and  insolvable  into  a  question 
development  tliat  m:iy  be  attacked  by  our  investigations,  Instin 
like  the  outward  forms  of  animals,  has  always  been  made  dependent. 
on  those  tirst  causes  too  high  for  man  to  raise  his  look  to  tliem.  The 
observations  of  the  English  naturalist  have  brought  the  problem  up 
new  ground  ;  his  logic,  his  science,  have  forced  the  world  to  accejil 
last  the  ideas  formerly  defended  by  Cuvier's  opponents,  by  Lama 
and  Geoffroy  Saint-llilaire.  The  doctrine  of  the  immutability  of  i 
mal  forms  has  had  its  time,  and  that  of  the  invariability  of  instinc 
ftdling  into  ruin,  Darwin  proves,  in  fact,  that  it  suffices  to  admit 
principle  of  intelligence,  which  no  one  now  denies  to  animals,  and  tl 
the  twofold  influence  of  habit  and  hereditary  tendency,  and  last 
law,  stated  by  himself,  of  absorption  of  the  poorly-endowed  races 
those  better  endowed,  to  reach  tlie  conclusion  that  the  fined y-perfectt 
instinct  of  the  bee  or  the  ant  is  nothing  more  than  a  purely  natU 
phenomenon,  a  necessary  consequence  of  life.  The  most  complex 
Btinct  M  merely  an  hereditary  accumulation  of  very  simple  habit 
which  the  first  source  was  always  in  ti»e  spontaneous  intelligenc 
the  individual.  Instinct,  then,  including  that  of  neuter  animals,  ] 
be  defined,  "a  group  of  habits,  slowly  acquired,  and  fixed  by  inl 
tance."  Then  it  appears  to  us  as  independent,  in  some  degree,  of  ] 
forms  of  the  animal  \  the  variations  it  prescnta  End  their  explaua 
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it  is  contingent,  it  originates,  it  is  madified,  through  circumstances, 
tided  by  time,  and  tli rough  ages  helped  by  scarcely-pereoptible  acci- 
dents. In  its  turn,  it  insensibly  leads  tlie  organs  to  become  perfect  in 
the  direction  conformed  to  the  use  madu  of  them  by  the  animal.  Re- 
garded in  this  way,  connected  in  the  last  analysis  with  other  first  proj*- 
erties  from  which  it  results,  instinct,  instead  of  bafRing  investigation 
by  the  human  mind,  as  they  do,  becouaes  a  possible  and  projjer  oljject 
of  research  by  experimental  science.  It  is  a  new  horizon  opening  be- 
fore the  physiologist  for  the  discovery  of  the  laws  of  life*— i?ey  w<;  d€4 
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TOffN  STEPHENS  IIENSLOW  ia  described  as  having  been  a 
"  beautiful  boy  with  brown  curling  hair,  a  fii»e  straight,  nose,  a 
'f^Diaat  complexion,  soft  eyes,  and  a  smile  that  reached  everybody's 

'T^kBfQbjeet  of  the  present  Pketch,  who  becftme  an  eminent  clergjmaDj  boUaical  pro- 
'**•*;  tail  scientific  philanihropiat,  waa  bom  ia  Kent,  England,  in  1795.  For  thi*  prin- 
^  ffccu  of  the  present  artii  le  we  are  indebte i  to  his  biogniphy  by  Ker.  Leonard 
^^V^  Himiiloir^s  brothcr-in-law,  publlahL'd  by  Van  Voorst,  of  London^  and  we  have 
e  of  hifl  etatcmcuu. — En. 
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heart*     lie  was  active,  obserraiit,  aod  intelligent,  a  favorite  partner  at 

childish  parties,  and  danced  elegantly.  This  beautiful  boyhootl  un- 
foMed  into  a  noble  manhood,  which  look  a  turn  so  original  and  in* 
strnctive,  that  we  cannot  do  better  than  give  some  account  of  it  to  the 
readei-s  of  the  Popujulr  Science  Monthly^ 

Yonng  Hcnelow  early  developed  a  taste  for  the  study  of  natural  ob- 
jects, and  for  making  collections  and  experiments.    His  scientiiic  future 
was  symbolized  by  an  adventure  made  while  yet  a  child  in  a  frock, 
and  which  consisted  in  dragging  all  the  way  home  from  a  tield,  a  con- 
siderable distance  off,  an  enormous  fungus  which  was  dried  and  long 
preserved  in  the  family.     The  lad  had  good  blood  and  a  good  chance ; 
bis  grandfather,  Sir  John  Henslow,  Chief  Surveyor  of  the  Navy,  was  a 
man  of  scientific  attainments  and  much  ingenuity ;  his  mother  was  an 
accomplished  woman,  fond  of  natural  history,  and  an  assi^lnous  col- 
lector of  natural  ami  artificial  curiosities.    His  father  had  a  great  taste 
for  birds,  kept  an  extensive  aviary <^  and  had  an  ample  library  of  nat- 
ural history.     The  drawing-master  at   his  school  was  a  good  entomol- 
ogist and  introduced  the  boy  to  some  of  the  eminent  naturalists  of 
the  day,  who  gave  direction  to  his  studies.    He  collected  insects  in  the 
woods  of  Kent,  and  Crustacea  and  shells  from  the  bed  of  the  Medway . 
many  of  his  specimens  were  new  and  valuable,  and  found  their  way 
into  the  drawers  of  the  British   Museum.     At  the  age  of  eighteen 
he  entered  St.  John's  College,  Cambridge,  and  four  years  later  took 
his  degree  of  B.  A.     A  year  subsequently,  in  1819,  he  accompanied 
Prof  Sedgwick  to  the  Isle  of  Wight,  where  he  took  his  first  pnictical 
lessons  in  geology.   He  had  been  elected  Fellow  of  the  Linnasan  Society 
in  181 8 J  became  a  Fellow  of  the  Geological  Society  in  1819,  and  made 
his  first  essay  in  autljorship  by  a  contribution  to  its  proceedings  in  1821, 
when  twenty-five  years  of  age.     Mr.  Henslow  had  paid  much  atten- 
tion to  mathematics  in  college,  was  a  thorough  student  of  mineralogy 
and  chemistry,  and  took  a  leading  part  in  founding  the  Cambridge 
Philosophical  Socii  ty,  in  18 If*.     In  1622  he  was  elected  Professor  of 
Mineralogy  in   the  Cambridge  University*     He  was  not  an  eloquent 
lecturer,  but  he  had  a  good  voice,  and  a  remarkably  clear  way  of  ex- 
pressing himself     He  cultivated  the  art  of  explanation  and  adapting 
his  language  to  the  capacity  of  his  hearers,  and  thus  became  one  of 
the  very  best  lecturers  of  the  day.     But  the  cliair  of  Mineralogy  was 
not  what  Prof.  Henslow  wanted.     His  favorite  study  was  botany,  and, 
a  vacancy  occurring  in  this  professorship,  Prof  Henslow  was  elected 
to  the  position  in  1823,     This  science,  and  natural  history  generally, 
were  in  a  low  state  in  the  university  at  that  time.'     His  predecessor 

'  "  In  II  low  state,"  the  reader  must  remember,  not  mcrclj  from  neglect,  but  from  liofl- 
tilitj  on  the  part  of  the  ctassicists  and  mmhenittticbiii*  wlici  bad  posaesalou  of  the  e^tab- 
lishm^nf.  Even  ^ean  afterward,  when,  mftlnlj  under  Prof,  t!en-low*s  iriflnence,  naturaE 
hietory  studied  began  to  reciMve  attention^  Edward  Forben  sjient  a  couple  of  days  ii» 
CambHdge  and  wrote;  "Iwaa  greatly  pleased  witb  mj  visit,  cxcepl  in  one  thing — ^tc^ 
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bad  held  the  professorship  for  sixty-three  years,  and  was  a  very  old 
matu    In  fact,  there  had  heen  do  lectures  on  botany  given  in  Cambridge 
for  at  least  thirty  years.    Prof*  Heoslow  took  hold  of  the  work  with 
great  zeal,  improved  the  Botanical  Gardens,  rearranged  and  extended 
the  Botanical  Museum,  and  establislied  oue  of  the  most  perfect  collec- 
tions of  plants  to  be  anywhere  fouiic!.    He  made  his  lectures  extremely 
iteresting  by  always  having  largo  mirahers  of  specimens  on  hand 
ich  the  students  were  required  to  study  directly.     He  often  took 
his  clasa  on  botanizing  excursions,  which  tended  greatly  to  rouse  their 
interest  in  the  subject.      Entomologists  and  mineralogists  often  ac- 
companied them,  and  Prof.  Ilenslow's   extensive  acquaintance  with 
all  branches  of  natural  history,  and  the  delight  he  took  in  imparting 
iuf  rmation  to  all  who  sought  it,  served  to  kindle  an  enthusiasm  which 
utlu'l  very  much  to  raise  the  position  of  science  In  the  university. 

ProC  Henslow  married  in  1823.      His  parents  had  always  been 
desirous  that  he  should  go  into  tho  Church,  and,  as  the  salary  from  his 
professorship  was  less  than  a  thousand  dollars  a  year,  and  insufficient 
to  support  his  family,  he  took  orders  and  accepted  a  curacy  which 
yielded  him  some  additional  income.    His  engaging  manners  and  sym- 
l^thetic  disposition,  combined  with  his  inteHcctual  accompli shmenl 8, 
gave  him  great  influence  over  the  students,  which  was  felt  not  only  in 
directing  their  tastes  and  purstiits,  but  in  the  formation  of  character. 
As«oon  as  he  became  settled  in  Cambridge  as  a  married  man,  he  in- 
stituted the  practice  of  receiving  at  his  own  honse,  one  evening  in  the 
'wV,  all  who  took  the  slightest  interest  in  scientific,  and  especially 
'latum I  history  studies.     At  these  gatherings  all  might  learn  some- 
I    filing,  and  every  one  went  away  pleased.     He  would  seek  out  any  of 
I   the  students  that  were  reported  to  him  as  attached  to  natural  history, 
I  *'d  made  converts  to  bis  favorite  science  of  not  a  few  who  were 
I  ibown  accidentally  in  his  way.     If  any  young  man  through  timidity 
I  <>riwerve  shrank  from  going  to  the  professor's  house,  tUe  oi}en-liearted 
I  ^Nkome  which  he  received  soon  inspired  confidence  and  put  lum  at 
I  Ui^ese.    There  are  many  now  among  the  first  naturalists  of  England 
I  wbo  were  then  students  at  Cambridge,  and  who  gratefully  aeknowl- 
P  rfge  the  encouragement  and  assistance  t!jey  received  from  Prof.  Hens- 
^^,  and  bear  testimony  to  his  rare  excellences,  both  of  head  and 
^^Hrt,  Among  these  is  the  now  world-renowned  naturalist  Mr.  Charles 
Dinrin,  who  furnished  to  Prof.  Henslow's  biographer  tho  following 
I   **niinificence8,  which  will  interest  the  reader  as  well  on  account  of  tho 
I  vritir  as  of  their  subject*    Mr.  Darwin  says : 

I  *^  thit  aatiinl  tuttoiry  U  discouraged  oa  much  aa  poflsiblc^  dud  rogardod  as  idlo  trifffng 
I  °7  ^  thoQwadpniid-oiie  nmtbematiciuns  of  that  rcncratcd  university.'*  It  wns  u  life  long 
■  '^'QCf^  of  ProC  Qenslaw  to  rube  n&tuml  btBtorf  to  a  coordinate}  place  wit!i  otber  Bub- 
^  nofiodrenilf  ttudf,  and  It  iras  but  a  abort  timo  beforo  his  deaths  In  tSGl,  that  he 
■■Me  ttiampb  of  liU  eflTorta.  Degrees  ^cre  then  first  granted  to  those  who  bad  ob- 
^^^l^hoQora^  in  tuitaml  hUtorjr  studies, 
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^*  I  went  ta  Cambridge  carlj  in  the  jear  1828,  aod  soon  beCExoe  acquainted, 
tbroQgh  some  of  my  brother  entomologiBtai  with  Profl  II  en  slow,  for  all  who 
oared  for  any  branch  of  natural  higtory  were  equally  encouraged  by  Lim.  Noth- 
ing could  be  more  simple,  cordial,  and  nnpretendiug,  than  tbo  euceur 
wliich  bo  afforded  to  all  young  naturalists.  I  soon  became  intimate  v  i 
for  he  had  a  remarkable  power  of  making  the  young  feel  completely  at  eaw 
with  him ;  thoagh  we  were  all  awe-struck  with  the  amount  of  his  knowledge. 
Before  I  saw  hinip  I  heard  one  young  man  sum  up  his  attainmentB  by  simply  saj- 
ing  that  he  knew  every  thing.  "When  I  reflect  how  immediately  we  felt  at  perfect 
ease  with  a  man  older  and  in  every  way  so  immensely  our  superior,  I  thmk  it 
waa  as  much  owing  to  the  transparent  siDcerity  of  his  character,  as  to  Ms  kind- 
ncBs  of  heart ;  and,  perhaps,  even  still  more  to  a  highly-remarkable  absence  m 
him  of  all  eelf-cousctouBDess.  One  perceived  at  onoe  that  he  never  thought  of 
his  own  varied  knowledge  or  clear  intellect^  bnt  solely  on  the  subject  in  hand. 
Another  charm,  which  must  have  struck  every  one,  was  that  Lis  manner  to  old 
and  distinguished  persons  and  to  the  youngest  studeut  was  exactly  the  f 
to  all  he  showed  the  same  winning  courtesy.  He  would  receive  with  int 
the  most  trifling  observation  in  any  branch  of  natural  history;  and,  howe 
absurd  a  blunder  one  might  make,  he  pointed  it  out  so  clearly  and  kindly,  that 
one  left  him  no  way  disheartened,  but  only  determined  to  be  more  accurate 
the  next  time.  In  ehort,  no  man  could  be  better  formed  to  win  the  entire  ooft* 
fidence  of  the  young,  and  to  encourage  theen  in  their  pursuits.  ^M 

"His  lectures  on  botany  were  nniversaliy  popular,  and  as  dear  as  daylipH 
80  popular  were  they,  that  several  of  the  older  members  of  the  university 
attended  succesaive  courses.     Once  every  week  he  kept  open  house  in  the  even- 
ing, and  all  who  had  cared  for  natural  history  attended  these  parties,  wbicl^ 
by  thus  favoring  intercommunication,  did  the  same  good  in  Cambridge,  in  a 
very  pleasant  manner,  as  the  scientific  societies  do  in  London.     At  these  piirtia 
many  of  the  most  distinguished  members  of  the  university  occasionally  att^^nded; 
and,  when  only  a  few  were  present,  I  have  listened  to  the  great  men  of  thoi» 
days,  conversing  on  all  sorts  of  subjects,  with  the  most  varied  and  LrflliiDt 
powers.    This  was  no  small  advantage  to  some  of  the  younger  men,  aa  it  fitimtt* 
lated  their  mental  activity  and  ambition.    Two  or  three  times  in  each  sesWJI 
he  took  excursions  with  his  botanical  class;  either  a  long  walk  to  the  habltlt 
of  some  rare  plant,  or  in  a  barge  down  the  river  to  the  fens,  or  in  coadieilft  ] 
some  more  distant  place,  as  to  Gamlingay,  to  see  the  wilddily  of  ths  vslltfi 
and  to  catch  on  ibe  heath  the  rare  natter-jack.    These  excursions  have  left^ 
delightful  impression  on  my  mind,     lie  was,  on  such  occasions,  in  as  goodspA^H 
as  a  boy,  and  langhed  as  heartily  as  a  !»oy  at  the  misadventures  of  those  I^H 
chased  the  splendid  swallow-tail  butterflies  across  the  broken  and  treachei^H 
fenst    He  used  to  pause  every  now  and  then,  and  lecture  on  some  plant  or  o^H 
object ;  and  something  he  could  tell  qs  on  every  insect,  shell,  or  fossil  coIIec^H 
for  he  bad  attended  to  every  branch  of  natural  history.    After  our  day's  work^H 
used  to  dine  at  some  inn  or  house,  and  moBt  jovial  wo  then  were.     I  belicvu^H 
wbo  joined  these  excursions  will  agree  with  me  that  they  have  loft  an  endo^H 
impression  of  delight  on  our  minds.  ^| 

''■  As  time  passed  on  at  Cambridge^  I  became  very  tntLinato  with  Prof.  Hi^| 
low,  and  bis  kindness  was  unbounded.  lie  continually  a«ked  mo  to  his  ho^H 
and  allowed  me  to  accx^mpany  liini  in  bis  walks.  lie  talked  on  all  subjecti^l 
eluding  his  deep  senae  of  religion,  and  was  entirely  open,  I  owe  moM|l^| 
can  express  to  this  excellent  man.     His  kindness  was  steady.     Whei^^^H 
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JUtiroj  offered  to  give  up  part  of  his  own  cabin  to  any  natorolist  wlio  would 

;oia  in  the  eipedition  in  II.  M,  S,  Beagle,  Prof,  Henslow  recommended  mo  as 

00(j  who  knew  rerj  little,  but  who,  he  thought,  would  work,    I  was  strongly 

L  Iftaehed  to  natural  history,  and  this  attachment  I  owed,  in  large  part^  to  him. 

P^ofiag  the  fire  yeara^  voyage,  ho  regularly  corresponded  with  me,  and  guided 

oy  flfforto.    He  received,  opened,  and  took  care  of  all  the  epecLmens  gent  home 

ianiny  large  boiea;  bat  I  firmly  believe  that,  during  these  ^ve  years,  it  never 

nam  eroased  his  mind  that  be  was  acting  toward  me  with  unnsnal  aod  generous 

**Dnnng  the  years  when  I  associated  so  much  with  Prof*  Ileualow,  I  never 
fiftee  taw  his  temper  even  ruffled*  lie  never  took  an  ill-natured  view  of  any 
ooi%  character,  though  very  far  from  blind  to  the  foibles  of  others.  It  always 
itmck  me  that  his  mind  could  not  be  even  touched  by  any  paltry  feeling  of 
TKiity,  envy,  or  jealousy.  With  all  this  equability  of  temper  and  remarkable 
bensrolence,  there  was  no  insipidity  of  character.  A  man  must  have  been 
Wai  not  to  have  perceived  that  beneath  this  placid  exterior  there  was  a  vigor- 
om  ttid  determined  will,  Wlien  principle  came  into  play,  no  power  on  earth 
ecnld  have  turned  him  one  hair*6-breadth< 

"After  tlie  year  1842,  when  I  left  London,  I  saw  Prof,  Henslow  only  at  long 
tatemk;  but,  to  the  last^  he  continued  in  all  respects  the  same  man,  I  think 
l«  eared  somewhat  less  about  science,  and  more  for  his  parishioners.  When 
ipilkiog  of  his  allotments,  his  parish  children,  and  plans  of  amusing  and  in- 
ttnedng  them,  he  would  always  kindle  up  with  interest  and  enjoyment.  1  re- 
.  onaber  one  trifling  fact  which  seemed  to  me  highly  oharacteristio  of  the  man : 
In  one  of  the  bad  years  for  the  potato,  I  asked  him  how  his  crop  had  fared,  bnt, 
ifter  1  little  talk,  I  perceived  that,  in  fact,  he  knew  nothing  about  his  own  po- 
ftotoMi  bvt  Metned  to  know  exactly  what  sort  of  crop  there  was  in  the  garden 
4l  iIsMMt  erevy  poor  man  in  his  parish. 

'*Ia  intelleet,  as  far  as  I  coold  judge,  accurate  powers  of  observation,  sound 
Mue,  and  c&uUous  judgment,  seemed  predominant.  Nothing  seemed  to  give 
liim  so  much  epjoyment  as  drawing  conclusions  from  minute  observations.  But 
Uk  admiri^ld  memoir  on  the  geology  of  Anglesea  shows  his  capacity  for  ex- 
ittM  observations  and  broad  views.  Reflecting  over  his  character  with  grati- 
t>ia  md  reverence,  his  moral  attributes  rise,  as  they  should  do  in  the  highest 
<teMt€r,  In  preeminence  over  his  intellect.  C.  Dauwin.^' 

Til©  moral  heroism,  here  testified  to  by  Mn  Darwin,  was  an  emi- 
Bnttriii  of  Prof.  Henslow's  character,  and  a  key  to  his  career;  but 
ona  instance  of  it,  in  Cambridge,  which  may  be  mentioned 
*    In  politics,  Prof.  Ilenslow  was  originally  a  Conservative 
Tofy.    I-ord  Palmcrston  had  long  represented  the  university  on 
\  wam9  iidew    Bat  when  the  Duke  of  Wellington,  who  was  at  the 
A  ot  the  government,  declared  against  reform  in  any  shape  what- 
T,  llierts  eame  a  revolution  which  overthrew  liis  administration,  and 
p4  PaJinerBton  went  over  to  the  Liberal  side  and  joined  the  re- 
Bid  ministry.    Prof.  Henslow,  like  many  others,  fell  in  with  the 
PCBWiil^  atid,  of  course,  made  himself  obnoxious  to  the  charge  of 
ig  1  •*  tom-coaU"    He  did  not  flinch  from  these  attacks,  and  was  at 
ready  to  do  his  duty  regardless  of  popular  reprobation,  and 
hid  nil  opportttnity  of  iocurring  it.    In  the  borough  election 
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of  1835,  the  "  Tory  agents  "  had  notoriously  resorted  to  bribery.  Tlie 
Liberals  wanted  to  bring  the  offenders  into  court,  but  no  one  would 
incur  the  o Jium  of  "  informing  *'  against  tliem*  Under  these  circum- 
stances Prof.  Henslow  readily  offered  himself  as  the  nominal  prosecu- 
tor. The  storm  of  abuse  aiid  perseculiou  that  broke  upon  bim  for 
this  is  still  well  remembered  in  Cambridge,  His  biograpber  remarks : 
"  Xot  only  was  tbe  cry  raised  of  '  Henslow,  common  informer !  *  when- 
ever be  appeared  in  the  streets,  but  tlic  same  obnoxious  words  were 
placarded  upon  the  walla  in  such  largo'  and  enduring  charactei*s,  that, 
even  to  this  clay  (1861),  more  than  a  quarter  of  a  century  after  the 
transaction,  they  are  still  distinctly  legible  in  some  places.  They 
were  seen,  and  smilingly  pointed  out  to  a  friend,  by  the  professor  him- 
self, within  a  year  of  his  death,  and  I  have,  since  his  death,  seen  and 
read  them  myselt  His  services  were,  however,  deeply  appreciated  at 
tbe  time,  for  he  received  three  handsome  testimonials ;  one  from  the 
town  of  Cambridge;  another  from  the  town  committee  for  the  sup- 
pression of  corruption  j  and  the  third  from  a  committee  of  noblemen 
and  gentlemen."  The  rule  that  Prof,  Henslow  laid  down  for  the 
guidance  of  conduct  in  such  circumstances,  and  which  he  rigorously 
conformed  to  bimself,  was  expressed  in  the  following  noble  words:  **! 
would  have  every  Tory  consistent,  and  every  Radical  consistent,  and 
every  Whig  consistent,  until  either  of  them  shall  have  become  conviDced 
that  he  has  been  in  error,  and  then  I  would  have  him  change  his  poli- 
tics, regardless  of  every  risk,  and  despising  the  shame  which  the  world 
%vill  heap  upon  him.  But  what  I  would  have  every  man  strive  to 
possess  is  *  moral  courage,'  sufficient  to  declare  bis  own  opinions  un- 
hesitatingly in  the  face  of  the  world,  and  a<lequatc  to  maintain  them 
unflinchingly  against  all  influence  whatever.'* 

The  position  of  Prof.  Henslow  at  Cambridge  was  every  thing  that 
would  satisfy  the  usual  ambition  of  a  man  of  science.  He  was  pro- 
foundly appreciated  in  the  institution,  he  was  beloved  by  the  student] 
and  he  had  given  a  new  life  to  the  class  of  studies  to  which  he  w^ 
devoted.  Yet  all  this  did  not  satisfy  him,  and  he  seijced  the  first 
portunity  to  leave  Cambridge,  and  enter  a  field  of  labor  of  a  ve 
dlfterent  kind,  and  for  which,  as  the  result  proved,  he  was  remarkah 
endowed.  As  his  talents  and  high  character  became  known,  the  Golj 
crnment  sought  his  influence  for  some  of  the  responsible  trusts  in 
gift,  and  it  was  in  contemplation  to  offer  him  the  See  of  Korwich* 
is  a  terrible  temptation  in  England  to  get  the  place  of  bishop,  i 
while  many  sigh,  labor,  and  intrigue  for  it,  those  who  decline  it  wb« 
oftered  are  exceedingly  few.  Prof.  Henslow,  when  he  heard  of 
danger,  fled  to  his  chamber,  and  prayed  fervently  to  be  delivered  frc 
the  temptation.  His  prayers  were  answered,  and,  instead  of  tbe  bial 
oprie,  he  received  the  crown  living  of  the  parish  of  ilitcham,  with  1 
income  of  a  thousand  pounds  a  year.  The  place  is  in  Suffolk,  not  I 
from  Cambridge,  and  he  entered  upon  the  charge  of  it  in  1837, 
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first  mtention  was  to  continue  his  relation  with  the  tmiv^rsityj  and 
JinMe  Lis  work  between  Cambridge  an*J  Hitcham;  but,  fiiKJiog  that 
thedaties  of  the  latter  place  did  not  permit  his  absence^  he  took  up 
hiafeiidence  there  in  1839-  How  different  was  tlie  sphere  of  exertion 
npoD  which  he  had  now  entered  Tiill  bo  apparent  when  we  glaDce  at* 
the  condition  of  the  inhabitants  of  the  parish  when  he  first  went  among 
tbeitu 

The  village  of  Hitcham  consisted  of  one  long,  stragglmg  street,  and 
tbe  parish  contained  rather  more  than  a  thousand  personSj  scattered 
over  some  4,000  acred  of  land,  Tlie  property  of  the  parish  was  assessed 
at  flOjOOO  a  year,  yet  there  was  only  a  dame-school  in  the  place.  The 
mitmployed  and  vagabond  laborers  were  so  numerous  that  the  poor- 
rate  in  1S34  amounted  to  85,000 — equal,  it  was  said,  to  over  t3  for 
Lich  man,  woman,  and  child,  in  the  village.  The  people  were  sunk  to 
almost  the  lowest  depths  of  moral  and  physical  debasement,  Igno- 
mce,  crime,  and  vice  were  rife,  and  the  worst  characters  were  addicted 
to  poaching,  sheep-stealing,  drunkenness,  and  all  kinds  of  immorality. 
The  less  vicious  were  more  fond  of  idleness  than  work,  and  lolled  about 
the  road-sides,  dead  to  all  sense  of  moral  shame,  so  long  as  they  could 
Bvo  at  the  parish  expense.  Parish  relief  or  charity  was  not  unfre- 
<|ttently  levied  by  bands  of  forty  or  fifty  able-bodied  laborers  who  had 
feeen  in  the  habit  of  intimidating  the  previous  rector  into  instant  com- 
pliance with  their  demands.  The  houses  of  the  poor  were  described  as 
taring  been  many  of  them  little  better  than  hovels,  in  which  the  com- 
oion  decencies  of  life  could  hardly  be  carried  out.  Tlie  church  was 
*hnoit  empty  on  Sunday,  and  but  little  respect  was  paid  to  its  ordi- 
Wnoea;  The  previous  rector  had  been  satisfied  with  discharging  his 
UBQal  Sunday  duties,  and  left  the  people  to  themselves  during  the  week. 

Such  was  the  field  which  Pro£  Henslow  left  Cambridge  to  cnlti- 
vilt«.  He  went  there  as  a  missionary,  to  reclaim  it  from  inveterate 
b^thenism,  which  still  passed  under  a  Christian  name.  Uis  difficultieB 
*«reof  the  most  formidable  kind,  and  he  had  to  grapple  with  them 
■iogl^handed,  for  there  were  no  infiuential  persona  in  the  parish  either 
^  cooperate  in  his  work,  or  to  enconrage  him  in  pursuing  it.  The 
parties  with  whom  he  had  to  deal  were  the  farmers  who  rented  the 
I^ikI  from  the  landlords,  and  the  laborers  whom  the  farmers  employed. 
'Rus  farmers  are  represented  as  having  been  intellectually  raised  but 
I'Uk  above  their  laborers,  as  ignorant,  obstinate,  and  prejudiced,  and 
^  doggedly  opposed  the  new  rector  in  all  his  schemes,  and  threw 
ereiy  possible  obstacle  in  his  way.  But  he  was  not  a  man  to  flinch 
^"fliwhat  he  had  undertaken,  and,  coolly  estimating  the  difficulties 
^Ibe  Ritnation,  he  set  himself  to  work  to  reclaim  his  flock  from  their 
^^gradation,  to  industry,  sobriety,  independence,  and  self-respect.  It 
wasoWious  enough  that  the  inculcation  of  moral  and  religious  lessons 
^ouldhave  been  utterly  lost  upon  them — ^wouldhave  been  like  throw- 
ing pearls  before  swine— because  men  must  be  civilized  before  they 
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can  he  effectually  Christianizei  Prof.  Ilenslow  therefore  commenced 
by  gaiuiug  tlie  confidence  of  those  whom  he  wished  to  influence,  and 
to  do  this  he  bad  to  adapt  himself  to  them,  and  utilize  whatever  forces 
ho  conld  find  available.  lie  bej]fan  by  amtising  them,  lie  got  up  a 
cricket  club,  and  encouraged  various  manly  games.  He  introduced 
ploughing-matches,  and  competitive  exhibitions.  His  acquaintance 
with  chemistry  enabled  him  to  construct  fireworks,  which  he  would  let 
off  upon  the  rectory  lawn,  and  which  were  a  great  attraction  to  the 
people.  lie  brought  out  various  natural  and  artificial  cariosities, 
which  were  at  first  vacantly  stared  at,  but,  with  his  extraordinary  fac* 
nlty  of  adapting  his  language  and  illustrations  to  the  commonest  ca* 
pacity,  he  gradually  kindled  an  interest  in  the  minds  of  many  which 
grew  into  a  desire  to  learn.  Other  recreations  and  incitements  fol- 
lowed, which  will  be  presently  referred  to.  Prof*  Henslow  resorted  to 
many  measures  of  ameUoration  and  improvenient,  and  carried  them  all 
along  together  J  but,  in  our  brief  sketch  of  his  labors,  we  must  con- 
sider them  separately ;  and  we  will  take  up  first  what  he  did  for  the 
laborers,  next  for  the  farmers,  and  lastly,  what  he  accompUshcd  for  the 
education  of  the  children  : 

One  of  the  first  evils  which  he  attacked  was  the  degradation  and 
dependence  of  the  laborers.     The  Ilitchara  farmers  held  their  men  in 
brutal  subjection,  viewing  them  as  little  better  than  slaves,  for  whose 
concern  they  felt  no  interest.     They  were,  therefore,  the  enemies  of 
every  measure  for  the  improvement  of  the  laboring-class.    Prot  Hens- 
low  considered  the  lack  of  an  independent  home  as  one  of  the  great  bar- 
riers to  the  elevation  of  the  working-men,  and  he  therefore  urged  the 
adoption  of  the  "  allotment  system,"  by  which  the  laborers  might  be- 
come the  ownei*s  or  tenants  of  small  pieces  of  ground,  to  be  cidtivated 
by  themselves  for  their  own  benefit.     This  encountered  the  fiercest 
opposition  from  the  farmers,  and  led  to  a  long  and  determined  stnigifle* 
All  sorts  of  objections  were  raised.     It  was  said  the  laborers  •        " 
steal  the  farmers'  seed  to  sow  their  own  gronnd ;  they  would  give 
masters  slack  work  in  order  to  reserve  their  strength  for  their  owa 
patches  at  the  end  of  the  day.     But  the  worst  difiiculty  was  the  pro- 
found class  or  caste  spirit  which  pervades  English  society,  and  which 
impelled  the  farmers  to  fight  the  change,  because  it  would  raise  the 
laborer,  and  bring  him  one  step  nearer  to  themselves.     It  was  in  1845 
that  Prot  Henslow  made  his  first  public  appeal  upon  this  subject,  b 
which  he  pointed  out  the  many  advantages  that  would  result  from 
the   allotment   system  to   the   laboring-class.     He  urged  the  reform 
energetically,  and  initiated  it  by  granting  portions  of  his  own  bad 
for  the  purpose.     He  pushed  the  project  until  he  had  got  fifty  mon 
of  one-quarter  of  an  acre  each.     The  farmers  here  made  a  stand,  and 
determined  to  crush  the  whole  system.     They  went  into  cooperatiofii 
and  gave  mutual  pledges  that   they  would  "refuse  all  employraetrl 
and  show  no  favor  to  any  day-laborer  who  should  hold  an  allolmeuL^' 
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■  The  storm  ragetl  about  the  rector,  wlio  persevered  without  losing 
eijiiur  his  patience  or  his  temper.  He  denounced  the  selfish  action 
of  the  farmers,  and  gave  them  to  understand  that  be  would  submit 
to  no  dictation,  and  was  deterraiiunl  to  carry  out  bis  intentions.  For- 
tnujitely,  his  saUiry  and  position  did  not  depend  upon  tbem,  as  tbey 
woalJ  (jnickly  have  dismissed  bim  ;  but,  fiudiug  that  the  rector^s  pur- 

L  pose  was  not  to  be  shaken,  their  opposition  at  length  abated.  The 
I  measoze  was  extended,  and  the  moat  salutary  cousetpicnces  followed 
iu  tLe  general  conduct  of  tb©  people.  Many  instances  were  known  in 
which  **  an  allotment  has  been  the  means  of  reclaiming  the  criminal, 
reforming  the  dissolute,  and  of  changing  the  whole  moral  character 
ami  conduct,"  At  the  time  of  Prof.  Ilenslow's  death  the  allotments 
10  liis  pariah  amounted  to  nearly  150  in  number,  and  their  advantages 
were  no  longer  denied. 

Xor  did  Prot  Henslow  encounter  much  lees  difficulty  in  his  eftbrts 
to  Improve  the  condition  of  the  liirmers  themselves.  A  good  chemist, 
botanist,  and  geologist,  and  a  close  student  of  scientific  agriculture,  be 
*ag  prepared  to  help  the  agriculturists  with  applied  and  available 
wowledge,  yet  tbey  strenuously  resisted  hia  efforts  to  teach  them. 
I     But  he  was  not  to  be  baffled  in  his  exertions.    He  took  up  the  practical 

■  *ttbject  of  the  economy  of  fcrtihzers,  in  a  series  of  popular  letters  to  a 

country  newspaper,  and  treated  it  with  such  familiarity  and  skill  as 

^  arrest  the  attention  of  the  farmers*     lie  spoke  to  them  in  the  farm- 

^^'  club  upon  the  same  subject,  and  the  address^  together  with  the 

^^ttera,  was    ptinted    and  widely   distribnted.     Having    at    length 

^tiosed  their  attention,  be  pressed  Ibem  into  the  work  of  testing  the 

Ptiposed  views,  by  observations  and  experiments  of  their  own.     The 

''^^latire  value  of  different  kinds  of  organic  and  inorganic  manitres,  their 

'^^ptation  to  special  crops,  how  tbey  should  bo  applied,  and  the  ex- 

**lat  to  which  manure-heaps  should  be  allowed  to  ferment  and  decom- 

tHiae,  were  open  questions,  and  he  showed  the  farmers  that  tbey  were 

^M.€  parties  to  settle  them.     Liebig  had  suggested  the  addition  of  gyp- 

*Uja  to  the  manure-heap),  to  fix  the  ammonia,  and  Henslow  suggested 

^tat  the  farmers  of  Suffolk  should  try  the  experiment  \  and,  to  get  as 

**l»ny  ealisted  as  possible,  he  circulated  printed  forms  to  be  filled  up 

^y  the  experimenters  with  the  results  to  which  tbey  might  arrive. 

l^ut  few  at  first  responded  to  the  call,  and  all  kinds  of  objections  were 

^fgcd ;  bat  at  length  60  farmers  sent  in  applications  for  the  printed 

^>niia,aiid  consented  to  undertake  the  experiments.  The  rcsnlt  of 
these  efforts  was  the  stirring  up  of  the  fanners  to  a  more  methodical 
^&iid  scientific  way  of  conducting  their  agricultural  operations.  Prof. 
Henslow  did  not  expect  to  make  them  phiiosopbers,  but  to  make  them 
l^ak,  and  to  do  something  toward  converting  the  ai*t  of  husbandry 
^sftothiB  science  of  agriculture ;  and  he  received  many  communications 
^Uch  showed  that  bis  letters  and  lectures  bad  exerted  a  wide  and 
iholesome  influence. 
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It  was  in  connection  wilL  thcise  effoits  to  iiid  the  farmers 
Henslow  made  the  memorable  discovery  of  the  agricultural  value  of 
the  80-called  coprolites,  or  phospliatic  nodules,  found  in  the  red  crag  at 
Felixstowe,  in  Suffolk,  They  were  shown  to  contain  56  per  cent,  of 
phosphate  of  lime,  and  therefore  to  he  capable  of  replacing  bones  in 
fertilization.  He  called  attention  to  the  similar  concretions  abundantly 
distributed  in  the  upper  greensaud  of  Cambridgeshire,  which  were 
even  richer  in  phosphate,  and  which  have  since  yielded  immense  profits 
both  to  the  proprietors  of  the  pits  and  the  farmers  who  used  the 
product- 

Pro£  Henslow  had  paid  much  attention  to  entomology ;  and  his 
knowledge  of  plants,  and  the  parasitic  insects  which  infest  them  and 
destroy  the  crops,  enabled  him  to  instruct  the  farmers  upon  \\m  sub* 
ject.  He  closely  investigated  the  diseases  of  wheat,  potatoes,  and 
clover,  and  diffused  the  results  of  his  inquiries  in  lectures,  tracts, 
newspaper  correspondence. 

As  he  lived  in  an  agricultural  commuuity,  in  which  all  were  inter^ 
ested  in  farm  products  and  processes,  Prof.  Henslow  resorted  to  other 
means  of  quickening  the  general  interest  in  these  matters,  and  of  en- 
listing the  sympathy  of  laborers  as  well  as  farmers.  For  this  purpose 
he  instituted  horticultural  shows,  at  which  there  was  a  distribution  of 
prices  for  such  products  as  wheat,  fruit,  flowers,  vegetables,  and  honey, 
and  sometimes  for  works  of  mechanical  ingenuity  calculated  to  en- 
courage tfee  laborers  to  spend  their  long  winter  evenings  prolitably» 
There  were  two  of  these  shows  in  each  season,  in  July  and  September. 
They  began  in  1850,  and  were  kept  up  until  the  time  of  his  death. 
Tents  were  pitched  for  receiving  the  productions  of  the  cottagers' 
gardens,  and  the  allotment-tenantfl  received  premiums  for  the  best 
management  of  their  pieces  of  ground*  Besides  the  tents  for  the 
more  special  purposes  of  the  show,  there  was  always  one  assigned  ta 
a  miscellaneous  collection  of  specimens  in  natural  history — anim: 
birds,  reptiles,  insects^  nests,  etc.,  with  various  specimens  from  the 
mestic  arts  and  antiquities.  This  the  professor  called  his**Marq 
Museum,"  On  one  occasion  the  dimensions  of  the  trunk  of  the  gri 
mammoth  tree  (  WdUngtonia)  were  traced  out  on  the  lawn  with  a 
gram,  showing  its  size  in  comparison  with  other  trees.  There  wi 
much  to  gratify  the  eye;  but  sight*seeing  is  always  wearisome,  ai 
Pro£  Henslow  alleviated  the  routine  of  the  day,  and  gave  an  intellei 
ual  turn  to  the  proceedings,  by  summoning  as  many  of  the  compa 
as  chose  to  come  to  the  museum,  and  delivering  to  them  little  lecture 
or  *' lecturets,"  as  he  teamed  them.  He  w^ould  talk  to  the  wom< 
about  textile  fabrics  or  domestic  operations,  and  to  the  diffei 
groups  on  processes  of  manufacture,  or  local  specimens  of  natural 
tory,  or  the  diseases  of  vegetation,  Xor  were  amusements  negleci 
swings  and  poles  were  set  up  for  gymnastic  exercises,  and  foot-1 
land  other  games  were  encouraged  on  the  grounds.    The  scene 
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one  of  entertainment  and  mstruction,  ami  proraotive  of  good  feeling 
on  the  part  of  all  who  participated  in  it.  The  influence  of  these  exhi- 
bitioBg  was  so  beneficial,  and  became  so  well  known,  that  largo  mim- 
bers  flocked  to  them  from  a  distance,  and  eimilar  Bhows  were  got  up  in 
othtir  placed. 

Ooe  of  the  schemes  devised  by  Prof,  Ilenfilow  for  alleviating  the 
hard,  monotonous  life  of  the  laboring  population,  and  combining  recrea- 
tion with  improvement,  was  the  arrangement  of  excursions  to  neigh- 
boring places  of  interest.  Knowing  that  those  who  always  stay  at 
borne  are  apt  to  become  narrow  and  prejudiced,  he  Fought  to  afford 
thm  the  opportunity  of  observiog  the  ways  and  habits  of  other 
pbees,  and  to  open  to  them  not  merely  agreeable  sights,  but  sources 
of  hiowledge  from  which  they  had  been  previouely  ehut  o«t.  From 
one  to  two  hundred  persons  usually  accompanied  him,  and  his  prcpara- 
Ikmifor  these  excursions  were  always  veiy  metliodical ;  for  he  aimed 
to  combine  moral  discipline  with  healthful  amusement.  A  "  recreation 
fond*^  was  raised,  and  the  poor  always  contribtited  eomething  toward 
tic  expenses.  Tickets  were  issued,  luniting  tlie  nnmber  of  those  at- 
tending^ and  printed  circulars  were  sometimes  prepared  with  plana  of 
tb  route,  regulations  for  the  party,  and  often  copious  notes  concerning 
^^e  place  and  objects  to  be  visited.  An  eleven-page  pocket-guide  was 
got  up  on  one  occasion  for  the  use  of  the  visitors  at  Cambridge,  giving 
tttooount  of  the  colleges,  museums,  and  libraries  of  the  university. 
Sometimes  they  went  to  the  neighboring  towns,  to  nmnufacturing 
plaeet,  or  to  the  sea-shore.  But  the  professor  was  always  rtady  with 
"Wintereating  *'  lecturets  "  to  explain  every  thing  to  his  flock  of  eager 
lateneni.  The  impression  left  l>y  these  holiday  excursions  upon  the 
^lindi*  and  hearts  of  the  simple  laborers  wag  most  gratifying,  and,  aa 
^eof  ihem  remarked  to  Prof.  Ilcnslow,  "  Our  heads  would  not  be  so 
^rfl  of  drink  if  we  had  such  things  to  occupy  our  minds.*' 

Tlio  task  which  Pro£  Ilenslow  had  undertaken  was  one  of  imme- 
^te  and  practical  social  amelioration,  and  this  compelled  him  to 
Iwppk  with  the  adult  ignorance  and  the  indurated  prejudices  of  the 
comrnanity.  But  he  did  not  forget  the  children.  AYhcn  he  went  to 
Ditcbam,  there  was  but  a  single,  very  poor  school  in  the  parish,  but 
^«lost  no  time  in  establishing  a  better  one.  Meeting  with  Init  little 
•opport  from  his  parishioners,  he  had  to  bear  the  greater  part  of  the 
^^586  himself  in  the  erection  of  a  school-house  and  the  payment  of 
^  Richer.  .He  had  to  deal  with  the  children  of  an  ignorant  and  stolid 
P^tttntry,  yet  he  brought  his  scientific  resources  to  bear  upon  them 
^4  mch  success  that  his  humble  parish-school  acquired  a  national 
Rotation,  was  visited  by  people  from  all  parts  of  the  country,  and 
*W  inquired  into  by  Parliament  when  settling  the  policy  of  its  public 

Pir»C  Henslow  struck  boldly  out  from  the  traditional  method,  and 
^  a  thing  unhcurd  of  in  England,  which  was,  to  introduce  his  (avorite 
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science  of  boUnj^  into  a  school  for  the  ebildreii  of  the  loweti 
Prot  Hensloir's  object  was  to  break  in  upon  the  fibiTtfih  and  stfl 
routine  of  the  flchoolroom,  and  to  sub«titate,  for  the  endless  drudgery 
of  mere  lesfou-learmng  from  books,  the  exercise  of  the  childkh  facal- 
ties  upon  Nature  itselt  His  object  was  to  awaken  the  mind  to  spon- 
taneous action,  to  open  the  observant  faculties,  and  expand  the  reason- 
ing powers,  rather  than  to  impart  second-band  knowledge,  and  to  load 
the  memory  with  the  contents  of  bcoks.  And  tbis  be  succeeded  in 
doing.  He  introduced  a  stndy  which  excited  their  interest,  and  *'  ft 
jiished  them  with  innocent  and  rational  amusement  in  those  leisi 
ours  which  so  many  servants  and  poor  idly  throw  away  when  their 
equired  work  is  done ;  '^  which  ^^  tends  to  raise  their  thoughts  to  the 
'contemplation  of  the  Creator,  and  to  make  them  mindful  as  well  as 
observant  of  that  infinite  wbdom  and  goodness  of  which  they  see 
everywhere  around  them  such  abundant  proofs,"  and  which,  moreover, 
taught  them  the  use  of  thciLr  minds  in  inquiring,  comparing,  judging, 
and  thinking  for  themselves. 

It  is  to  be  observed  that  Pro£  Henslow  did  not,  by  any  means,  un- 
dertake to  establish  a  botanical  school ;  in  fact,  but  a  very  small  por- 
tion of  the  time  was  given  to  the  subject.  His  habit  was  to  attei 
the  school  regularly  every  Monday  afternoon,  for  the  purpose  of  gi 
a  lesson  in  botany  from  an  hour  and  a  half  to  two  hours  in  length, 
main  work  of  the  pupils  being  by  themselves  and  out  of  schooL 
pupils  varied  in  age  from  eight  to  eighteen,  and  the  class  was  limited 
to  42  in  number.  Into  the  details  of  his  teaching  we  have 
fipace  here  to  enter.  The  whole  essence  and  value  of  it  consbted 
tbe  regular  and  constant  study  of  plants  themselves.  The  pu; 
ranged  the  woods  and  fields  of  Hitcham  for  specimens,  and  their  W( 
consisted  in  dissecting,  analyzing,  and  classifying  them.  The  ci 
w^as  graded ;  the  older  pupils  became  teachers,  and  the  younger  wi 
promoted  as  they  became  proficient  in  their  work.  The  children 
herbariums  of  dried  plants,  and  one  pupil- teacher  "  actually  coiled 
in  rural  strolls,  and  afterward  dried  and  correctly  named,  more  tl 
250  specimens  of  plants."  The  children  brought  their  botanical 
quirements  to  bear  to  enrich  the  horticultural  show,  to  which  ref< 
has  been  made*  They  brought  their  dried  collections  and  fresh, 
flower  nosegays,  and  competed  for  the  prizes  offered  for  the 
collections,  the  most  tasteful  arrangements,  and  the  most  accurate 
scriptions,  Iq  1858,  at  the  July  show,  50  children  competed  far 
"wild-flower  nosegay,"  and  26  received  prizes. 

It  is  almost  superfluous  to  say  that  this  invaluable  experimcat  il 
education  was  not  an  example  of  "  compulsory  education." 
sion  imprics  resistance  ;  a  resort  to  brute  force,  wlien  higher  fori 
or  are  not  tried".     But  the  coercive  system  forces  the  question  upon 
Is  anybody  fit  to  teach  who  cannot  wield  the  higher  agencies  of 
trol  ?    Should  not  the  very  first  qualification  of  a  teacher  of  the  yoi 
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be  %  love  of  ebUdren  ?  This,  at  all  events,  was  a  primo  qunlification 
ofProi  Henslow.  His  bio^iipbersays:  "  He  had  a  pla}i'ul  way  with 
childreo,  which  won  their  affections,  as  well  as  their  attention  to  what 
he  was  teaching  them,  and  which  was  one  secret  of  their  succesg.  He 
wodd  always  epeak  kindly  to  them,  and  encourage  tliem  in  their  dif- 
tont  little  ways.  AU  who  competed  for  the  wild-flower  nosegay 
pn«es^  though  they  did  not  succeed  in  getting  a  prize,  were  allowed  a 
piach  of  *  white  snuffV  ^^  '^^  jokingly  caHed  it,  or  sugar-plums.  He 
generally  had  a  snuffljoac  full  of  these  sugar-plums  in  his  pocket  when 
lie  went  into  the  i^llage,  offering  a  pinch  to  any  of  the  little  children 
whom  lie  happened  to  meet.'*  Of  course,  hia  botanical  pupils  were 
all  rolnnteers.  They  entered  with  spirit  into  their  work,  took  it  home 
with  them,  pursued  it  in  tbeir  rambles,  recurred  to  it  in  hours  of  play, 
compared  notes  among  themselves,  and  needed  no  "  compulsion.'* 
How  eager  was  tlieir  delight,  was  bIjowu  by  their  grief  whenever  the 
lessotts  were  interrupted.  In  a  public  address,  Prof.  Henslow  said : 
**Ko  one  who  had  heard  the  lamentations  uttered  upon  my  annouu- 
<aafi  At  our  last  lesson  before  Easter,  the  necessity  of  six  weeks'  al>- 
icwe  at  Cambridge  duties,  could  possibly  have  doubted  the  great  in- 
sert the  children  took  in  these  exercises." 

As  to  the  educational  ralao  of  this  teaching,  although  it  occupied 
W  a  small  fraction  of  regular  school-time,  it  was  of  the  highest  im- 
portance. It  was  not  merely  tbat  the  children  got  a  knowledge  of 
fcotioy^  but  that  they  mastered  its  rudiments  in  such  a  way  as  to  %^\\\ 
the  most  important  intellcctnal  benefits.  There  is  plent)'  of  unmis- 
WaWe  evidence  upon  this  point;  we  have  space  only  for  an  extract 
*W  the  cautious  statement  of  one  of  her  Majesty's  inspectors  of 

iools,  who  says ;  *'  That  the  botanical  lessons,  as  handled  by  the 
in  his  own  national  school,  did  draw  largely  upon  the  in- 
wers  of  his  little  pnpils'  minds,  there  can  be  no  question. 
*e  simple  system  to  which  he  had  reduced  his  plan  of  making  the 
^fcUdren  break  up  the  various  specimens  into  their  component  parts, 
•Jtaag©  those  parts,  obseri^o  their  characters  and  relations  to  eacli 
*>tljer,  and  thence  arrive  at  conclusions  for  themsdves^  was  very  far 
from  being  the  mechanical  process  which  many,  before  witnessing  it, 
*ught  have  supposed  *  botany  in  the  national  schools '  to  represent* 
And  I  think  it  is  not  at  all  unfair  to  say  that  those  children,  who,  out 
^  lehool,  were  (as  I  had  many  opportunities  of  judging)  much  more 
^<>*TeraabIe  than  the  generality  of  children  in  rural  parishes,  owed  a 
^riderable  share  of  the  general  development  of  their  minds  to  the 
*^tamcal  lessons  and  the  self-exercise  connected  with  them." 

Prof.  Hcnslow's  method  of  teaching  botany  to  the  young  was  one 
^f  Us  great  successes,  and  is  a  peimanent  contribution  to  education. 
^  commenced  a  little  book  embodying  the  plan,  but  did  not  live  to 
it;  and  he  got  along  with  printed  lists,  fonn»,  and  schedules, 
g  directed  by  his  lectures  and  by  his  constant  supervision  of 
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the  pkiit-studies  of  liis  pupila.  The  fame  of  Lib  ^ucc^^es  went  abroad, 
and  he  was  solicited  to  leclare  in  many  places,  and  to  assist  in  organ- 
izing the  botanical  work  in  various  echools  and  colleges.  Like  Fara- 
day, he  was  invited  by  Prince  Albert  to  lecture  to  the  royal  children, 
whom  he  interested  in  the  same  way  that  he  had  done  the  pupils  of 
his  Hitcham  classes* 

Other  points  of  groat  interest  in  Prof*  HenBlow*s  career  and  char- 
acter we  should  be  glad  to  dwell  upon,  but  our  sketch  is  already  over- 
done. Sufficientj  howeverj  has  been  said  to  show  how  science  may 
increase  the  usefulness  of  a  clcrgymanj  and  prepare  the  way  for  his 
higher  work — ^and  that  higher  work  was  not  neglected  by  Prof,  Hens- 
low.  He  not  only  labored  hard  and  perseveringly  for  the  tem|>oral 
good  of  his  parishioners,  but  he  discharged  toward  them  with  fidelity 
the  duties  of  a  Christian  miuister*  In  the  twenty-four  years  of  his 
residence  at  Hitcham  there  was  a  period  of  twelve  years  when  he  was 
not  absent  from  the  parish  on  a  single  Sunday,  The  secret  of  so  much 
varied  work  was  a  strong  constitution^  unremitting  industry,  and  strict 
method  in  the  disposal  of  his  time.  But  the  strongest  constitutions 
have  their  limits,  and  a  false  security  tends  to  their  being  often 
overpassed.  Prof,  Ilenslow  was  under  a  constant  strain,  and  the  ill- 
ness that  terminated  his  life  was  probably  brought  on  by  his  '*ince«- 
sant  mental  and  manual  labor.'*  He  passed  away  May  14,  1861,  and 
bis  loss  was  deeply  felt  in  the  world  of  science,  in  his  university,  and 
in  the  parish  to  which  he  had  devoted  so  much  of  his  unselfish  life. 
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XI.— 77e€  Political  Bias. 

EVERY  day  brings  events  which,  showing  the  politician  what  1 
events  of  the  next  day  are  likely  to  be,  serve  also  as  mater 
for  the  student  of  Social  Science.  Passing  occurrences  may  havt: 
special  meanings  sought,  as  by  the  many,  or  may  have  their  g*  i 
meanings  sought,  as  by  the  few.  Scarcely  a  journal  can  be  read,  th; 
does  not  supply  a  fact  which,  beyond  the  proximate  implication  seu 
by  the  party-tactician,  has  an  ultimate  implication  of  value  to  the 
eociologiiit,  Tlius  d  propos  of  political  bias,  I  am,  while  writing,  fu^ 
nishcd  by  an  Irish  paper  with  an  extreme  instance.  Speaking  of  the 
late  Ministerial  defeat,  the  Nation  says: 

**Mr.  Gladstone  and  hh  administration  are  hnrled  from  power,  and  thei 
quitous  attempt  to  sow  brondcast  the  seed  of  irreligion  and  infidelity  in  Irela 
has  recoiled  with  tie  impact  of  a  thunder-bolt  upon  its  authors.    The  men  who 
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filed  the  ear  of  Irwland  witli  epecious  promises,  who  mocked  us  with 

and  insolted  as  with  barren  concessions,  who  traded  on  the  grior- 

of  this  coimtry  onlj  to  aggravate  them,  and  who,  with  smooth  profes- 

on  their  lips,  trampled  ont  the  last  traces  of  liberty  in  the  land^  are  to-daj 

Iwiteii  and  oatcaat  party." 


ch  oxMbition  of  feeling  we  may  either  consider  specially,  as  show- 
ing bow  the  ** Nationalists"  are  likely  to  behare  in  the  iniraediato 
fotore ;  or  may  consider  more  generally,  as  giving  ns  a  trait  of  Irish 
nature  tending  to  justify  Mr.  Fronde's  harsh  verdict  on  Irish  conduct 
in  the  past ;  or  may  consider  most  generally,  after  tlie  manner  liere 
appropriate^  as  a  striking  example  of  the  distortions  which  the  politi- 
cal bias  works  iu  men's  judgments^ 

When  we  remember  that  all  are  thus  affected  more  or  less,  in  esti- 
^natiiig  political  antagonists,  their  acts  and  their  views,  we  arc  re- 
^^^nded  what  an  immense  obstacle  political  partisaiiBbip  is  in  the  way 
^M  Social  Science-  I  do  not  mean  eimply  that,  as  all  know,  it  often 
Hlitenmuea  opinions  about  pending  questions  \  as  shown  by  cases  in 
"  vbich  a  measni^,  reprobated  by  Conservatives  w^hen  brought  forward 
by  Liberals,  is  approved  when  brought  forward  by  their  own  party, 
[I  T€fer  to  the  far  wider  effect  it  has  on  men^s  intcrprctationa  of  the 
land  of  the  future;  and  therefore  on  their  sociological  conceptions 
erah  Tlie  political  sympathies  and  antipathies  fostered  by  the 
Itctfl  of  parties,  respectively  upholding  this  or  that  kind  of  institu- 
Ftioo,  become  sympathies  and  antipathies  drawn  out  toward  the  allied 
I  knitutions  of  other  nations,  extinct  or  surviving.  These  sympathies 
iBii  antipathies  inevitably  cause  tendencies  to  accept  or  reject  fuvor- 
I  ible  or  unfavorable  evidence  respecting  such  institutions.  The  well- 
faown  contrast  between  the  pictures  which  tlie  Tory  Mitford  and  the 
IBidk^  Grote  have  given  of  the  Athenian  democracy,  serves  as  an 
PlMtiace  to  which  many  parallels  may  be  fouiKL  Iu  proof  of  the  per- 
I  ^cKJng  effects  of  the  political  bias,  I  cannot  do  better  than  quote  some 
lienteDces  from  Mr.  Fronde's  lecture  on  "The  Scientific  Method  applied 
I  to  History:" 

*'Tbtt45ydides  wrote  to  expose  the  vices  of  democracy ;  Tacitns,  the  historian 
^t&«  CeMTv,  lo  exhibit  the  hatefulness  of  imperialism^'  * 

I  ICaoanlay  on  the  condition  of  the  English  poor  before  the  last  cen- 
ror  liro«  sad  you  wonder  how  they  lived  at  all.    Read  Oobbett,  and  I  may 
I  My  nAll^fl*!  and  yon  wonder  how  they  endure  the  contrast  between  tlieir 
pMl  profperitf  and  their  present  misery," " 

"iji  Irish  Catholic  prolate  once  told  me  that  to  his  certain  knowledge  two 

I  of  men,  women,  and  children  had  died  in  the  great  famine  of  1846,     I 

I  yjn  If  he  was  not  including  those  who  had  emigrated.     He  repeated  that 

r  md  abof'e  the  emigration  two  roilltona  had  actually  died ;  and  added,  *  wo 

;  that  every  on©  of  those  deaths  lay  at  the  door  of  t!ie  English  Gov- 

I  mentioned  this  to  a  distinguished  lawyer  in  Dublin,  a  Protestaut, 

'  rnrade,  **  Short  Scudies  oa  Great  Subjects,'*  Second  Scrica,  1871,  p.  430. 


QPULAR 


174  ^^^  POPULAR  SCIENC. 

His  griiy  eyes  lighted  up.  lie  replied:  *  Did  he  say  two  milliOiiB  now— 4id  he? 
"Why,  there  were  not  a  thousand  died — there  were  not  five  hundred.*  The  true 
number,  »o  fur  m  can  he  gathered  from  a  compariBon  of  the  census  of  1841  with 
the  census  of  1851,  from  the  emigration  retttmSj  which  were  carefolJy  made, 
and  from  an  allowance  for  the  natural  rate  of  increase,  was  about  two  hundred 
thaasand.'*  * 


Further  msistance  on  this  point  is  needlesB.    That  the  verdicts  whici 
will  be  given  by  different  piirty  journals  upon  each  ministerial  act  may 
be  predicted,  and  that  the  opposite  opinions  uttered  by  speakers  and 
applauded  by  mectingfl  eonceniijig  the  same  measure  may  be  foresee 
•  if  the  political  bias  is  known,  are  facts  from  which  any  one  may  inff 
that  the  party  politician  must  have  his  feelings  greatly  moderated  be- 
fore he  can  interpret,  with  even  approximate  truth,  the  events  of  tj 
past,  and  draw  correct  inferences  respecting  the  future. 

Here,  instead  of  dilating  upon  this  truth,  I  propose  to  draw  at 
tion  to  kindred  truths  that  are  less  conspicuous*  Beyond  those  kiiK 
of  political  bias  indicated  by  the  names  of  political  parties,  thero  aw 
certain  kinds  of  political  bias  transcending  party  limits.  Already  in 
the  chapter  on  "  Subjective  Ditiicultics — Emotional,"  I  have  com- 
mented upon  the  feeling  which  originates  them — the  feeling  drawn  out 
toward  the  governing  agency.  In  addition  to  what  was  there  eaid 
about  the  general  effects  of  this  feeling  on  sociological  speculation, 
something  must  be  said  about  its  special  effects.  And  first,  let  ns  con- 
template a  common  fallacy  in  men's  opinions  about  human  affaire, 
which  pervades  the  several  fallacies  fostered  by  the  political  bias. 

Results  are  proportionate  to  appliances — see  here  the  tacit  assump 
tion  underlying  many  errors  in  the  conduct  of  life,  pnvate  and  public 
In  private  life  every  one  discovers  the  untruth  of  this  assumption,  and 
yet  continues  to  act  as  though  he  had  not  discovered  its  untruth.  Re- 
consider a  moment,  under  this  fresh  aspect,  a  familiar  experience  lately 
dwelt  upon, 

"IIow  bappy  I  shall  be,"  thinks  the  child,  "when  I  am  as  old«s 
my  big  brother,  and  own  all  the  many  things  he  will  not  let  me  have  I" 
"How  happy,"  the  big  brother  thinks,  "shall  I  be  when^  like  my 
father,  I  have  got  a  house  of  my  own  and  can  do  as  I  like ! "  "  Hoi^ 
happy  I  shall  be,"  thinks  the  father,  "  when,  achieving  the  success 
prospect,  I  have  got  a  large  income,  a  country-house,  carriages,  hor 
and  a  higher  social  position  1 "  And  yet  at  each  stage  the  poseessio 
of  the  muchKlesircd  aids  to  satisfaction  does  not  bring  all  the  happ 
uess  expected,  and  brings  many  annoyances. 

A  good  example  of  the  fallacy,  that  results  are  proportionate  to  an 
plianees,  is  furnished  by  domestic  service.    It  is  an  inference  natur 
drawn  that,  if  one  servant  docs  so  much,  two  servants  will  do  twice ! 
much  ;  and  so  on.    But  when  this  common-sense  theory  is  tested 

1  Froude,  '*  Short  StudJefl  on  Great  Subjects,''  Second  Series^  1871,  pp.  483,  4^ 
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pnun.ioe,  the  resales  are  quite  at  variance  with  it.  Not  itmply  does 
the  amotmt  of  service  performed  fail  to  inci'eage  in  proportion  to  the 
vomber  of  servants,  but  frequently  it  decreases:  fewer  servants  do 
more  work  and  do  it  better. 

Take,  again,  the  rehition  of  books  to  knowledge.  The  natural 
UBQmjptioQ  is,  that  one  who  has  stores  .of  information  at  hand  will  be- 
come well  informed*  And  yet,  very  generally,  when  a  man  begins  to 
aeeumolate  books  he  ceases  to  make  much  use  of  them.  The  filling 
of  his  shelves  with  volumes,  and  the  filling  of  his  brain  with  facts,  ai-e 
apt  to  go  on  with  inverse  rapidities.  It  is  a  trite  remark 
thoA6  who  have  become  distinguished  for  their  leaminr^  have 
(ten  been  those  who  had  great  difficulties  in  getting  books.  Here, 
0,  the  results  are  quite  out  of  proportion  to  the  appliances. 
Similarly,  if  we  go  a  step  further  io  the  same  direction — not  think* 
bg  of  boolu  as  aids  to  information,  but  thinking  of  information  as  an 
guidance.  Do  we  find  that  the  quantity  of  acquirement  meas- 
be  quantity  of  insight  ?  Is  the  amount  of  cardinal  truth  reached 
tote  inferred  from  the  mass  of  collected  facts  that  serve  as  appliances 
for  fta'Chlog  it  ?  By  no  means.  Wisdom  and  information  do  not  vary 
together.  Though  tliere  must  be  data  before  tliere  can  be  generaliza- 
tion, yet  ungeneralized  data,  accumulated  in  excess,  are  irTipediments 
)  geoeraHzation.  When  a  man's  knowledge  is  not  in  order,  the  more 
Wx  he  has  the  greater  will  be  his  confusion  of  thought.  When  facts 
*  not  organized  into  faculty,  the  greater  the  mass  of  them  the  more 
the  mind  stagger  along  under  its  burden,  hampered  instead  of 
l|ied  by  its  acquisitions.  A  student  may  become  a  very  Daniel  Lam- 
,  oC  learning,  and  remain  utterly  useless  to  himself  and  all  others. 
KiilbtT  in  this  case,  then,  are  results  proportionate  to  appliances. 
It  is  oo,  too,  with  discipline,  and  with  the  agencies  established  for 
pline.  Take,  as  an  instance,  the  use  of  language*  From  his  early 
,  the  boy  whose  father  can  afford  to  give  him  the  fashionable  edu- 
'  etllofi,  18  drilled  in  grammar,  practised  in  parsing,  tested  in  detecting 
trron  of  apeeeh*  After  his  public-school  career,  during  which  words, 
r  meaiiiogs,  and  their  right  applications,  almost  exclusively  occupy 
,  bo  pMses  through  a  university  where  a  large,  and  often  the  larger, 
\qI  hit  attention  is  still  given  to  literary  culture — models  of  style 
!  and  poetry  being  daily  before  him.  So  much  for  the  prepa- 
I ;  now  for  the  performance.  It  is  notorious  that  commentators 
&  eUioics  are  among  the  most  slovenly  writers  of  English,  Read- 
Pimeh  will  remember  how,  years  ago,  the  Provost  and  Ilcad- 
'  of  Eton  were  made  to  furnish  food  for  laughter  by  quotations 
I  a  ktler  they  bad  published.  Recently  the  Head-master  of  Win- 
i  given  us,  in  entire  unconsciousness  of  its  gross  defects,  a 
\  of  the  English  which  long  study  of  language  produces.  If  from 
lleacheri,  who  arc  literally  the  select  of  the  select,  we  turn  to  men 
■electe^JBittl^Ottt  of  the  same  highly-dbcipliued  class-^ 
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men  who  are  distilled  into  the  House  of  Commons,  and  then  redistilled 
into  the  Ministry,  we  are  again  disappointed*  Just  as,  in  the  last  gen- 
eration, royal  speeches,  drawn  up  by  those  so  laboriously  trained  in 
the  right  uses  of  words,  furnished  fo*r  an  English  grammar  examples 
of  blunders  to  be  avoided ;  so,  in  the  present  generation,  a  work  on 
style  might  fitly  take,  from  these  documents  which  our  government 
annually  lays  before  all  the  world,  warning  instances  of  confusions, 
and  illogicalities,  and  pleonasms.  And  then  on  looking  at  the  po^ 
formances  of  men  not  thus  elaborately  prepared,  we  are  still  more 
struck  by  the  seeming  anomaly.  How  great  the  anomaly  is,  we  may 
best  see  by  supposing  some  of  our  undisciplined  authors  to  use  expres- 
sions like  those  used  by  the  disciplined.  Imagine  the  self-made  Cob- 
bctt  deliberately  saying,  as  is  said  in  the  last  royal  speech,  that — 

"  I  have  kept  in  fneut  the  double  objeet  of  an  equitable  regard  to  existing  cir- 
cumstances, and  of  securing  a  general  proYision  more  pennanent  in  its  charac- 
ter, and  resting  on  a  reciprocal  and  equal  hasU^  for  the  commercial  and  mari- 
time transactions  of  the  two  countries." ' 

Imagine  the  poet,  who  had  "  little  Latin  and  less  Greek,*^  directing 
that— 

"  No  such  address  shall  be  delivered  in  any  place  where  the  assemblage  of 
persons  to  hear  the  same  may  cause  obstruction  to  the  use  <^f  any  road  or  walk 
by  the  public."  * 

— a  passage  which  occurs,  along  with  half  a  dozen  laxities  and  super* 
fluities,  in  the  eighteen  lines  announcing  the  ministerial  retreat  from 
the  Hyde  Park  contest.  Imagine  the  ploughman  Bums,  like  one  of 
our  scholars  who  has  been  chosen  to  direct  the  education  of  gentle- 
men's sons,  expressing  himself  in  print  thus : 

^^  I  should  not  have  troubled  jou  with  this  detail  (which  was,  indeed,  need* 
less  in  m j  former  letter)  if  it  was  not  that  I  may  appear  to  have  laid  a  streai 
upon  the  dates  which  the  boy^s  accident  had  prevented  me  from  being  able  to 
claim  to  do."  • 

Imagine  Bunyan  the  tinker  publishing  such  a  sentence  as  this,  written 
by  one  of  our  bishops : 

^*  If  the  546  gentlemen  who  signed  the  protest  on  the  subject  of  deaconesses 
had  thouglit  proper  to  otject  to  my  having  formally  licensed  a  deaconess  in  tlis 
parish  of  Dilton's  Marsh,  or  to  what  they  speak  of  when  they  say  that  *  recog- 
nition had  been  made '  (I  presume  on  a  report  of  which  no  part  or  portion  was 
adopted  by  resolution  of  the  Synod)  *  as  to  sisters  living  together  in  a  more 
conventual  manner  and  under  stricter  rule,'  I  should  not  have  thought  it  neces- 
sary to  do  more  than  receive  with  silent  respect  the  expression  of  their  opin- 
ion," etc.,  etc.* 

Or,  to  cite  for  comparison  modem  self-educated  writers,  imagine  such 
a  sentence  coming  from  Alexander  Smith,  or  Gerald  Massey,  or.  th« 

*  Daily  papers,  February  7,  1878.  •  7Tm«,  November  25, 1872. 

"  Timet  and  Post,  February  11,  1878.  *  Ttrnm,  November  27, 1872. 
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"Xorwicli  Weaver-boy  "  (W.  J.  Fox),  or  the  "  Jowrneyman  Engineer,'* 
SJiall  wethen  say  that,  in  the  case  of  literary  culture,  results  arc  pro- 
poftionalc  to  appliances?  or  shall  we  not  rather  say  that,  as  10  other 
caaes,  the  relation  13  by  no  means  so  &im]jle  a  one. 

Nowhere,  then,  do  we  find  verified  this  assumption  which  we  are  so 

prone  to  make.     Quantity  of  effect  does  not  vary  as  quantity  of  means, 

^f  rom  a  mecbanical  apparatus  up  to  an  educational  system  or  a  social 

lation,  the  same  truth  holds.     Take  a  rustic  to  see  a  new  machine, 

Hus  admiration  of  it  will  bo  in  proportion  to  the  niulliplieity  of  its 

piiti.    Listen  to  the  criticism  of  a  skilled  engineer,  and  you  will  iind 

Umt  from  all  this  complication  he  infers  probable  failure,     Kot  elabo- 

I  ntioa  but  simplification  is  his  aim  ;  knowing,  as  he  does,  that  every 

.  wheel  and  lever  implies  inertia  and  friction  to  be  overcome, 

OOOftftlonal  derangement  to  be  rectified.     It  is  thus  everywhere. 

ITfi  to  a  certain  point,  appliances  are  needful  for  results ;  but,  beyond 

■  ^  pointy  results  decrease  as  appliances  increase. 


This  undue  belief  in  appliances,  joined  with  the  general  bias  citi- 
ttos  inevitably  have  in  favor  of  governmental  agencies,  prompts  the 
k  aaliiplication  of  laws.  It  fosters  the  notion  that  a  society  will  be  the 
I  tetter  the  more  its  actions  are  everywhere  regulated  l>y  ailificial  in- 
I  ttmmentallties.  And  the  effect  produced  on  sociological  Bpeculation 
[itthu  the  beneiits  achieved  by  laws  are  exaggerated,  while  the  evils 
llbyeotail  ar«  overlooked. 

Biought  to  bear  on  so  immensely  complicated  an  aggregate  as  a 

Mcjctr,  a  law  rarely,  if  ever,  produces  as  much  direct  effect  as  was  ex- 

peied,  and  invariably  produces  indirect  effects,  many  in  their  kinds 

Imd  preat  in  their  sura,  that  were  not  expected.     It  is  so  even  with 

ifimdatoental  changes :  witness  the  two  we  have  seen  in  the  constitu- 

|twn  of  our  House  of  Commons,     Both  advocates  and  oiiponents  of  the 

:  Reform  Bill  anticipated  that  the  middle  classes  would  select  as 

Diatives  many  of  their  own  body.     But  both  were  wrong*   The 

fity  of  the  House  of  Commons  remained  vqtj  much  what  it 

I  beibre.     While,  however,  the  immediate  and  special  results  looked 

did  ool  appear,  there  were  vast,  remote,  and  general  results  fore- 

I  liy  »o  one.     So,  too,  with  the  recent  change.     We  hatl  eloqwently- 

l  warniBg^  that  delegates  from  the  working-classes  would  swamp 

)  of  Commons;  and  nearly  every  one  expected  that,  at  any 

f^  a  crinkling  of  working-class  members  would  be  chosen.     Again 

5  wrong.     The  conspicuous  ivlteration  looked  for  has  not  oc- 

bnt»  nevenheles!?,  governmental  actions  liave  already  been 

i  modified  by  the  raised  sense  of  responsibility.     It  is  thus  always. 

^firophaoy  b  safer  than  that  the  results  anticipated  from  a  law  will 

\fgKM!dj  «3C©«#ded  in  amount  by  results  not  aulicipaied.     Even  sim- 

\  pbTiic^  scUons  might  suggest  to  us  this  conclusion.     Let  us  con- 

nplatfi  oiie* 
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not  quite  flat ;  it  slicks  i 


You  see  that  this  wrought-iron  plate 
a  little  here  toward  tbe  left — "  cockles,'*  as  we  say.  How  shall  wff 
flatten  it  ?  ObviouBly,  you  reply,  by  hitting  down  on  the  part  that  is 
prominent.  Well,  here  is  a  Laniiuer,  and  1  give  it  a  blow  as  you  ad- 
vise. UardeFj  you  say.  Still  no  efitct.  Another  stroke  ?  Well,  there 
is  one,  and  another,  and  another.  The  prominence  remains,  you  see — 
the  evil  is  as  great  as  ever.  But  this  is  not  all.  Look  at  the  warp 
which  the  plate  has  got  near  the  opposite  ^^^a :  where  it  was  flat  he- 
fore  it  is  now  curved.  A  pretty  bungle  we  have  made  of  it.  Instead 
of  curing  the  original  defect,  we  have  produced  a  second,  Uad  we 
asked  an  artisan  practised  in  ''  planishing,"  as  it  is  called,  he  would 
have  told  us  no  good  was  to  be  done,  but  only  mischief,  by  hitting 
down  on  the  projecting  part.  lie  would  have  taught  us  how  to  give 
variously-directed  and  specially-adjusted  blows  with  a  hammer  else- 
where: so  attacking  the  evil  not  by  direct  but  by  indirect  actio] 
The  required  process  is  less  simple  than  you  thought.  Even  a  slii 
of  metal  is  not  to  be  successfully  dealt  with  after  those  comnaon-sense 
methods  in  which  you  have  so  much  confidence.  What,  then,  shall 
we  say  about  a  society  ?  "  Do  you  think  I  am  easier  to  be  played  on 
thau  a  pipe  ?  ''  asks  Hamlet.  Is  humanity  more  readily  straightened 
than  an  iron  plate  ? 

ilany,  I  doubt  not,  failing  to  recognize  the  truth  that,  in  proportioa 
as  an  aggregate  is  complex,  the  eflects  wrought  by  an  incident  f^  re 
become  more  multitudinous,  complicated,  and  incalculable,  and  \hA^ 
therefore,  a  society  is,  of  all  kindn  of  aggregates,  the  kind  most  difficult 
to  aflTect  in  an  intended  way  and  not  in  unintended  ways — many  iOi 
will  ask  eviJeocc  of  the  difficulty.     Response  would  perhaps  be  eaai 
were  the  evidence  les^s  abundant.     It  is  so  familiar  as  seemingly 
have  lost  its  significance  \   just  as  per|Dcttt ally-repeated   salutalioi 
and  prayers  have  done,     Tlie  preamble  to  nearly  every  act  of  Pi 
liament  supplies  it ;   in  the  report  of  every  commission  it   is 
seuted  in  various  forms ;  and,  for  any  one  asking  instances,  the 
rection  might  be^IIansard  passhii.     Here  I  will  give  but  a  ii 
example  which  might  teach  certain  rash  enthusiasts  of  our  day, 
they  teachable,     1  reier  to  measures  for  the  f-uppression  of  Onmb 
ness, 

.     Kot  to  dwell  on  the  results  of  the  Maine  Law,  which,  as  1  kii< 
from  one  who  lately  gave  me  his  persona!  experience,  prevents  the 
tainment  of  stimulants  by  travellers  in  urgent  need  of  them,  but  ^< 
not  prevent  secret  drinking  by  residents — not  to  dwell,  either,  u 
the  rigorous  measures  taken  in  Scotland  in  1€17,  **  for  the  restraint 
the  vile  and  detestable  vice  of  drunkenness  daily  increasing,*' 
which  evidently  did  not  produce  the  hoped-for  effect — I  will  limit 
self  to  the  case  of  the  Licensing  Act,  9  George  II.,  chapter  23,  for 
arresting  the  sale  of  spirituous  liquors  {chiefly  gin)  by  prohibitoi 
censes : 
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Wltfain  ft  few  montli^  after  it  passed,  Tmdal  tells  as,  the  commissdoners  of 
themadTes  becAtno  scnsiUe  of  the  imposBibilltx  or  nnadvisablenesa  of 
[g  it  rigorously  into  execution*  .  .  •  Smollett,  who  haa  drawn  so  dark  a 
of  the  state  of  tilings  the  act  was  designed  to  put  down,  liaa  painted  in 
[^<IllAlly  strong  the  mischiefs  which  it  produced:  *The  populace/  lie 
*  loon  broke  tbroagli  all  restraint.    Though  no  license  was  obtained^  and 
;j  paid,  the  Ur|uor  continued  to  be  sold  in  all  corners  of  the  streets ;  in- 
crs  were  intimidated  by  the  throats  of  the  people  ;  and  tlie  justices  of  the 
cither  from  indolence  or  corruption^  neglected  to  put  the  law  in  execu* 
In  fact,  in  course  of  tinie^  *  it  appeared/  he  adds,  *that  the  consumption 
fll^  had  coimderably  increased  every  year  since  those  heavy  duties  were  im- 


Wlien  in  1713  tliis  Act  was  repealed,  it  was  shown  during  the  dc- 
btes  tliat^ — 

** The  quantify  of  gin  ilistilled  in  Kngland,  which  in  1684,  when  the  business 
tii  i]tiitidace>d  into  this  country,  had  been  527,000  gallonSj  had  risen  to  048,000 
1  i«M,  ^  1,373,000  in  1704,  to  2,000,000  in  1714,  to  8,520,000  in  1724,  to 
in  1734,  and  to  not  leas  than  7,160,000  in  1742.  .  .  ,  Retailers 
sterrc^  from  vending  them  (spirituous  liquors)  by  the  utmost  encourage- 
"thAt  coaM  be  given  to  informers.  .  *  .  The  prospect  of  raising  money 
If^^toetiii^  their  (unlicensed  retailers')  practices  iDcitcd  many  to  turn  informa- 
tioafataa  trade;  and  the  facility  with  which  the  crime  was  to  be  proved  en* 
Wiged  some  to  gratify  their  malice  by  perjury,  and  others  their  avarice,;  so 
1^  tUs  muliitnde  of  informations  became  a  public  grievance^  and  the  magis- 
Itlieinselves  complained  that  the  law  was  not  to  be  executed.  The  perju- 
iformers  were  now  so  Vagrant  and  common,  that  the  people  thought  all 
itions  raalicious ;  or,  at  least,  thinking  themselves  oppressed  by  the  law, 
I  upon  every  man  that  promoted  Its  execution  as  their  enemy ;  and 
bre  now  began  to  declare  war  against  informers,  many  of  whom  they 
t  wlrh  great  cruelty,  and  some  they  murdered  in  the  streets."  * 

Hen?,  then,  with  absence  of  the  looked-for  benefit,  there  went  pro- 

etbii  of  cmlooked-for  evils,  vast  in  amount.    To  recur  to  our  figtire, 

}  lirigia»l  wnrp^  iusteftd  of  being  made  less  by  ihef^e  direct  blows, 

t  greater;  while  other  distortionSj  serious  in  kind  and  degree, 

I  created.     And  beyond  the  encouragement  of  fraud,  lying,  malice, 

If,  murder,  contempt  of  law,  and  the  other  conspicuous  crookcd- 

aamedf  moUitudinous  minor  twists  of  sentiment  and  thought 

I  or  «uginented»     An  indirect  demoralization  was  added  to 

rt  ini*rt^itji€  of  ihc  vice  aimed  at, 

4^zxiii,:^  w  itb  the  prevalent  fallacy  that  results  are  proportionate  to 

?^,  the  general  political  bias  has  the  further  effect  of  fostering 

h  in  political  forms.      This  tendency  to   ascribe  every 

t  i*ihle  proximate  agency,  and  to  forget  the  bidden  pow- 

boui  which  the  agency  is  worthless — tliis  tendency  which  makes 

gaziiig  at  a  steam-engine  ascribe  every  thing  to  the  combiiiflr 

•  Ctmlk,  in  **  Ptetorljl  Hlslory;'  vol.  iv,,  p,  858,  *  Ibid. 
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tion  of  parts  it  sees,  not  recognizing  the  fact  lliiat  the  ongiue 
nothing  without  the  steam-generating  boiler,  and  the  boiler  d 
without  the  water  and  the  burning  fuel,  is  a  tendency  whieli  liA 
zens  to  think  that  good  government  can  be  bad  by  shaping  pd 
rangements  in  this  way  or  that  way.  Let  us  frame  our  statc-mal 
rightly,  they  urge,  and  all  will  be  well. 

Yet  this  belief  in  the  innate  virtues  of  constitutions  is  as  "ij 
as  was  the  belief  in  the  natural  Buperiorities  of  royal  perai 
Just  aa,  of  old,  loyalty  to  ruling  men  kept  alive  faith  in  their  I 
and  virtues,  notwithstanding  perpetual  disproofs,  so,  in  these  ] 
days,  loyalty  to  constitutional  forms  keeps  alive  this  faith  ij 
intrinsic  worth,  spite  of  cvcr-recurriiig  demonstration  that  theii 
is  entirely  conditional.  That  those  forms  only  are  efficient  whil 
grown  naturally  out  of  character,  and  that,  in  the  absence  of  fit] 
ter,  forms  artificially  obtained  will  be  inoperative,  are  well  sbll 
the  governments  of  trading  corporations.  Let  us  contemplate  1 
cal  instance  of  this  government. 

The  proprietors  of  a  certain  railway-company  (I  am  here  gifi 
personal  experience  as  one  of  them)  were  summoned  to  a  speeilj 
ing.  The  notice  calling  them  together  stated  that  the  directs 
agreed  to  lease  their  line  to  another  company ;  that  every  thi 
beeti  settled;  that  the  company  taking  the  lease  was  then  ini 
sion  ;  and  that  the  proprietors  w^ere  to  be  asked  for  their  appn 
the  day  named  in  the  notice.  The  meeting  took  place.  The  cli 
gave  an  account  of  the  negotiation,  and  the  agx-eemcnt  enter^ 
A  motion  approving  of  the  agreement  was  proposed,  and  sef 
and  to  some  extent  discussed — no  notice  whatever  being  taken 
extraordinary  conduct  of  the  board.  Only  when  the  motion  wal 
to  be  putj  did  one  proprietor  protest  against  the  astounding  f 
tion  whiich  the  transaction  implied.  He  said  that  there  had  gr^ 
a  wrong  conception  of  the  relation  between  boards  of  direct^ 
bodies  of  proprietors ;  that  boards  had  come  to  look  upon  thCT 
as  supreme,  and  proprietors  as  subordinate,  whereas,  in  facti^ 
wore  simply  agents  appointed  to  act  in  the  absence  of  their  pro 
the  proprietors,  and  remained  subjoct  to  their  principals;  tlu^ 
any  private  business,  an  absent  proprietor  received  from  his  ml 
the  news  that  he  had  leased  the  business,  that  the  person  takin|j 
tlien  in  possession,  and  that  the  proprietor's  signature  to  th4 
ment  was  wanted,  his  prompt  return  would  be  followed  by  it 
quite  different  from  that  looked  for— namely,  a  dismissal  of  th^ 
ger  for  having  exceeded  his  duty  in  a  very  astonishing  mannets 
protest  against  the  deliberatG  trampling  down  of  priuciples  reoi 
by  the  constitution  of  companies  met  with  no  response  whatev^ 
a  solitary  sympathizer  joined  in  the  protest,  even  in  a  qnalififl 
Not  only  was  the  motion  of  approval  carried,  but  it  was  carril 
out  any  definite  knowledge  of  the  agreement  itself,     Kothin 
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than  th€  chairman's  verbal  dcscriptioQ  was  vouchsafed:  no  printed 

of  it  had  been  previously  circulated,  or  were  to  be  had  at  the 

eeling.     And  yet,  astonishing  to  relate,  this  proprietary  body  had 

en  iUrea<ly  once  betrayed  by  an  agreement  with  this  same  leasino^ 

ttpanyl — had  been  led  to  undertake  the  making  of  the  line  on  the 

eitgtb  of  a  seeming  guarantee,  which  proved  to  be  no  guarantee  ! 

ee,  then,  the  Icgson.     The  constitution  of  this  company,  like  that  of 

ipamcs  in  general,  was  purely  democratic.    The  proprietors  elected 

air  directors^  the  directors  their  chairman ;  and  there  were  special 

lions  for  restraining  directors  and  replacing  them  when  neeclfd. 

bcse  forms  of  free  government  had  fallen  into  disuse.     And  it  is 

i  in  all  cases.     Save  on  occasions  when  some  scandalous  misman- 

'»r  corruption,  bringing  great  loss,  has  caused  a  revolutionary 

Lit  among  them,  railway-propiietors  do  not  exercise  their  pow- 

lietiring  directors  being  reelected  as  a  matter  of  form,  the  board 

comes  practically  a  close  body;  usually  some  one  member,  often 

Ule  ehaimian,  acquires  supremacy;  and  so  the  government  lapses  into 

lAiDg  between  oligarchy  and  monarchy.     All  this,  observe,  hap- 

iig  not  exceptionally  but  as  a  rule,  happens  among  bodies  of  men 

ttostly  well  educated,  and  many  highly  educated — ^people  of  moans, 

Attdiaals,  lawyers,  clergymen,  etc.     Ample  disproof,  if  there  needed 

f,  of  the  notion  that  men  are  to  be  fitted  for  the  right  exercise  of 

rcr  by  teaching. 

And  now  to  return :  ^Iny  onv,  who  looks  through  these  facts  and 

£i0ti  aikln  to  them  for  the  truth  they  imply,  may  sec  that  forms  of 

gOFVvmmenl  are  valuable  only  where  they  are  products  of  national 

«idrac<^.     No  cunningly-devised  political  arrangements  will  of  thera- 

iilv«tt  do  «ny  tiling.     No  amount  of  knowledge  rc-spectiug  the  nscs  of 

i^li  arrangements  will  suffice.     Nothing  will  suffice  but  the  emotional 

^Mliire  to  which  such  arrangements  are  adapted  —  a  nature  which, 

Bring  scicial  progress,  has  evolved  the  arrangements.     And  wherever 

i&  want  of  congruity  between  the  nature  and  tlie  arrangements 

tr<?ver  the  arrangements,  suddenly  established  by  revolution,  or 

ywled  too  far  in  advance  by  reforming  change,  are  of  a  higher  type 

the  national  character  demands,  there  is  always  a  lapse  propor- 

to  the  incongruity.     In  proof  I  might  enumerate  the  illustra- 

\  iluU  lie  acattere4  through  the  modern  histories  of  Spain,  of  South 

Aaerica^  of  Mexico,     Or  I  might  dwell  on  the  lesson  (before  briefly 

nfared  to)  presented  us  in  France ;  where  the  recurring  political  cycle 

alvtyi  shaws  as  that  new  Democracy  is  but  old  Despotism  differently 

•|irit — where  now^  as  heretofore,  we  find  Lthcrtc^  EgnUie^  Fmternite^ 

MMpienotia  on  the  public  buildings,  and  now,  as  heretofore,  have  for 

^ierpni'tAliont  of  these  words  the  extremest  party-hatreds,  vitupera- 

Hp^  and  actual  assaults  in  tlie  Assembly,  wholesale  arrest e  of  men 

^Hkcidly  to  those  in  power,  forbiddlngs  of  public  meetings,  and  sup- 

HVion^  of  Journals;  and  where  now,  as  heretofore,  writers,  professing 
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to  be  ardent  advocates  of  political  frecdora,  rejoice  in  these  acts  n^ 
shackle  and  gag  their  antagonist?.     But  I  will  take,  in&tead,  a  ca 
more  nearly  allied  to  our  own. 

For  less  strikingly,  and  in  other  ways,  but  still  with  sufficiea 
clearness,  this  same  truth  is  displayed  in  the  United  States.     I  do  ; 
refer  only  to  such  extreme  illustrations  of  it  as  were  at  one  time  fa 
iiislied  ill  California ;  where,  along  with  that  complete  political  freedo 
wliit'h  some  suppose  to  be  the  sole  requisite  for  social  welfare,  mc 
men  lived  in  perpetual  fear  for  their  lives,  while  others  prided  them- 
selves ou  the  notches  which  marked,  on  the  hilts  of  their  pistols,  the 
number  of  men  thoy  had  killed.     Xor  will  I  dwell  on  the  state  of  so- 
ciety existing  under  republican  forms  in  the  West,  where  a  white 
woman  is  burnt  to  death  for  iparrying  a  negro,  where  secret  gangs 
murder  in  the  night  men  whose  conduct  they  dislike,  Trherc'  mobs  stop 
trains  to  lynch  offending  persons  contained  in  them,  where  the  ca 
iug  of  a  revolver  is  a  matter  of  course,  where  judges  are  intimidate 
and  the  execution  of  justice  often  impracticable.     I  do  but  name  these 
as  extreme  instances  of  the  way  in  wiiich,  under  institutions  that  nou 
oally  secure  men  from  oppression,  they  may  be  intolerably  oppre 
— unable  to  utter  their  opinions  and  to  conduct  their  private  lives 
they  please.  ,  Without  going  so  far  we  may  find  in  the  Eastern  Stat 
proof  enough  that  the  forms  of  liberty  and  the  reality  of  liberty  are 
not  necessarily  commensurate,     A  state  of  things  under  w*hich  men 
administer  justice  in  their  own  cases,  are  applauded  for  so  doing,  and 
mostly  acquitted  if  tried,  is  a  state  of  things  which  has,  in  so  far,  ret- 
rograded toward  a  less  civilized  state;  for  one  of  the  cardinal  traits 
of  political  progress  is  the  gradual  disappearance  of  personal  retalia- 
tion, and  the  increasing  supremacy  of  a  rnling  power  which  settles 
the  differences  between  individuals  and  punishes  aggressors.     And,  in 
proportion  as  this  ruling  power  is  enfeebled,  the  security  of  individuals 
is  lessened.     Tliut  security,  lessened  in  this  general  way,  is  lessened  \x\ 
more  special  ways,  we  see  in  the  bribery  of  judges,  in  the  tinanciAl 
frauds  by  which  many  are  robbed  without  possibility  of  remedy,  in 
the  corruptness  of  New  York  administration,  which,  taxing  so  heavily, 
does  so  little.     And,  under  another  aspect,  we  see  the  like  in  the  do- 
ings of  legislative  bodies^in  the  unfair  advantages  which  some  ind 
viduals  gain  over  others  by  "lobbying'*  in  Credit-Mobilier  bribcrio 
and  the  like.     While  tlie  outside  form  of  free  government  remali 
there  has  grown  up  within  it  a  reality  which  makes  govcniment 
free.     The  body  of  professional  politicians,  entering  public  life  to  j 
incomes,  organizing  their  forces,  and  developing  their  tactics,  hav 
in  fact,  come  to  be  a  ruling  class  quite  different  from  that  which  tl 
Constiintion  ititended  to  secure;  and  a  class  having  interests  by  i 
means  identical  with  public  interests.     The  worship  of  the  applmo 
to  liberty,  in  place  of  liberty  itself,  needs  continually  exposing, 
is  no  intrinsic  virtue  in  votes.     The  possess  ion  of  represcatativci 
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:  £0110  itself  a  benefit.    The»e  are  but  means  to  an  end  *  and  tbe  en^ 

is  the  maintenance  of  those  conditions  under  which  each  citizen  may 
carry  on  his  life  without  further  hiiidraneeB  from  other  citizens  than 
are  involved  by  their  equal  clairna^ — the  Becuriug  to  each  citizen  all 
pflch  beneficial  results  of  his  activities  as  his  activities  naturally  bring* 
Tbe  worth  of  the  means  is  measured  by  the  degree  in  which  this  end 
is  achieved;  and  a  citizen  nominally  ha,ving  complete  means,  and  but 
partially  securing  the  end,  is  less  free  than  another  who  uses  incom- 
plete means  to  more  purpose. 

Dt  why  go  abmad  for  proofs  of  the  truth  that  political  forms  are 
ortli  only  in  proportion  as  they  are  vitalized  by  national  charac- 
^l«?  Wo  Lave  proofs  at  home.  I  do  not  mean  those  furnished  by 
jost  constitntional  history— I  do  not  merely  refer  to  those  many  facts 
allowing  us  that  the  nominal  power  of  our  representative  body  became 
M  actual  power  only  by  degrees;  and  that  the  theoretically  indepen- 
dent House  of  Commons  took  centuries  to  escape  from  regal  and  aris- 
tocratic sway,  and  establish  a  practical  independence*  I  refer  to  the 
I'reseiit  time,  and  to  actions  of  our  representative  body  in  the  pleni- 
tude of  its  power.  Tliis  assembly  of  deputies  chosen  by  constituencies 
ftow  «o  greatly  extended,  and  therefore  so  well  fitted,  as  it  would 
B«eta,for  guarding  the  iudividmiL,  of  whatever  grade,  against  trespasses 
iipou  his  individuality,  nevertheless  authorizes  new  trespasses  upon 
liw  mdividuality*  A  popular  government,  just  made  more  popular, 
J^e&tablished,  without  the  slightest  hindrance,  a  law  and  an  official 
ation  that  treat  with  contempt  the  essential  principles  of  con- 
^fitational  nUe,     Here  is  a  brief  account  of  tlie  process : 

Oa  the  20th  June,  1864,  just  before  two  o'clock  in  tbe  morning,  there 

^aa  silently  read  a  first  time  an  act  giving,  in  some  localities,  certain 

ocw  powers  to  the  police.     On  the  27th  of  that  month,  it  was  read  a 

[Second  time,  also  without  comment — at  what  hour  Hansard  does  not 

Just  l>efore  two  o'clock  in  the  morning,  on  June  30th,  there 

appOLoted,  without  remark,  a  select  committee  to  consider  this 

L^ixtposed  act.     On  the  15th  July  tbe  report  of  this  committee  was  re- 

[ceived.     On  the  19th  the  bill  was  recommitted,  and  the  report  on  it 

1  t^ceivcd — all  in  silence.     On  tlie  20th  July  it  was  considered — still  in 

t^lcace — as  amended*    And,  on  the  2l8t  July,  it  was  read  a  third  tirae* 

Ittid  pas»ed— equally  in  silence.    Taken  next  day  to  tfie  House  of 

llorjft,  it  there,  in  silence  equally  profound,  passed  through   all   its 

i  in  four  days  (?  three).     This  act  not  proving  strong  enough  to 

lUkeetihe  views  of  naval  and  military  olhcers  (who,  acconling  to  the 

itosUiaony  of  one  of  the  select  commiittee,  were  the  prompters  of  it), 

^•a  in  1866  "ameaded."    At  one  o*clock  in  the  morning,  on  March 

l^^lhof  that  year,  the  act  amending  it  was  read  a  first  time  ;  and  it 

^ lead  a  second  time  on  the  22d,  when  the  Secretary  of  the  Admiralty, 

Scribing  it  as  an  act  to  secure  the  better  health  of  soldiers  and  sail- 

^^^d:  **It  was  intended  to  renew  an  act  passed  in  1864,  with  ad- 
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^^^iltional  powers,'*  And  now,  for  tlie  first  time,  tliere  came  brief  adverse 
comments  from  two  members.  On  April  9th  tbere  was  appoititcd  a 
select  committeoj  consisting  mainly  oi  the  same  members  as  the  pre- 
vious onc^ — predominantly  state-oflicers,  of  one  class  or  other,  On 
the  20th,  the  report  of  the  committee  was  receiTed.  On  the  2(jth^  the 
bill  was  recommitted,  just  before  two  o*cloek  in  the  raoriuiig ;  and  on 
the  report  there  eame  some  short  comments,  which  were,  b*- 
protested  against  on  the  ground  tliat  the  bill  was  not  to  be  j ^ 
discussed.  And  then,  to  end  this  brief  history,  observe  the  reception 
given  to  the  only  direct  opposition  raised.  When,  to  qualify  a  clause 
defining  tlic  powers  of  the  police,  it  was  proposed  to  add,  **tbat  the 
justices  before  whom  such  inft>rmation  shall  be  made  shall  in  all  cases 
require  corroborative  testimony  and  suppoil  thereof,  other  than  l 
of  the  members  of  the  police  force,"  this  qualification  was  ne 
without  a  word. 

And  now,  what  was  this  act,  passed  the  first  time  absolutely 
out  comment,  and  passed  in  its  soK^alled  amended  form  with  but  the 
l^riefeat  comments,  made  under  protect  that  comments  were 
dieted?     What  was  this  measure,  so  conspicuously  right  that  dis 
sion  of  it  was  thought  superfiuous  ?     It  was  a  measure  by  which^i 
certain  localities,  one-half  of  the  people  were  brought  under  the  i 
mary  jurisdiction  of  magistrates,  in  respect  of  ceitain  acts  charged 
against  them.     Further,  those  by  whom  they  were  to  be  charged^  and 
by  whose  unsupported  testimony  charges  wei-e  to  be  proved,  were 
agents  of  the  law,  looking  for  promotion  as  tlie  reward  of  vigilance- 
agents  placed  under  a  permanent  temptation  to  make  and  snbstantiat* 
charges.     And  yet    more,  the  substantiation  of   charges    was  mad 
comparatively  easy  by  only  requiring  a  single  local  magistrate  to| 
convinced,  by  the  testimony,  on  oath,  of  one  of  these  agents  of  the  1 
that  a  person  charged  was  guilty  of  the  alleged  acts — acts  whicb, 
held  to  be  thus  proved,  were  punished  by  periodic  examinations  o(  a 
repulsive  kind,  and  forced  inclusion  in  a  deg raided  class*     A  House  of 
Commons,  elected  by  large  constituencies,  many  of  which  are  now 
chiefly  composed  of  working-menj  showed   the   greatest  alacrity  in 
making  a  law  under  which,  in  sundry  districts,  the  liberty  of  a  work- 
ing-man's wife  or  daughter  remains  intact  only  so  long  as  a  detective 
does  not  give  evidence  wliich  leads  a  magistrate  to  believe  her  a  pSQ^ 
iitnte  !     And  this  bill,  which,  even  had  there  been  something  like  ^| 
equate  reasons  (which  we  have  seen  there  were  not)  for  dispeni^H 
with  precautions  against  injustice,  should,  at  any  rate,  have  been  pai^| 
only  after  full  debate  and  anxious  criticism,  was  passed  with  et^| 
effort  to  maintain  secrecy ;  and  this  on  the  pretext  that  decency  ^H 
liade  discussion  of  it— all  the  while  that  ^lordaunt-cases  and  tho^H 
were  being  reported  with  a  fulness  proportiouate  to  the  amount  of  (^^ 
jectionable  details  they  brought  out  I     Nor  is  this  alL     Kc>t  only^| 
the  provisioni?  of  the  act  make  easy  the  establishment  of  charges  ^| 
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L     Bien  who  are  placed  under  a  temptation  to  make  them^  but  those  men 
^■r  ^  h1  against  penalties  apt  to  be  lirouglit  on  them  bj  al>uslng 

Bill...   ,    V.  uT.     A  poor  woman  who  proceeds  against  one  of  them,  for 
[     making;  a  groundless  accaaation  rninotis  to  her  character,  does  bo  with 
'"  n?  her:  that,  if  she  fails  to  get  a  verdict,  she  has  to  pay 
costs  (not  tax'cd  costs  bat/«//  costs) ;  whereas  a  ver- 
ct  in  her  £avor  does  not  give  her  costs  :  ooly  by  a  special  order  of 
judge  does  she  get  costs  !     And  this  is  the  **  even-handed  Jns- 
*"  provided  by  a  goverimieut  freer  in  Un-m  than  any  we  have  ever 

n  '*  * 

Let  it  not  be  supposed  that  in  arguing  thus  I  am  implying  that 

118  of  government  are  unimportant.     While  contending  that  they 

I  a      "       '10  only  in  so  far  as  a  national  character  gives  life  to  them,  it 

!it  also  to  contend  that  they  arc  essential  as  agencies  through 

irbich  that  national  character  may  work  out  its  effects.    A  boy  cannot 

rieldto  purpose  an  implement  of  size  and  weiglit  fitted  to  the  hand 

fa  man.     A  man  cannot  do  effective  work  with  the  hoy's  implement : 

llf;  mast  have  one  adapted  to  his  larger  grasp  and  greater  strength* 

To  ca4!h  the  implement  is  essential ;  but  the  results  which  each  achieves 

r  not  to  be  measured  by  the  size  or  make  of  the  implement  alone, 

adaptation  to  his  powers.     Similarly  with  political  iustru- 

■^.     It  is  possible  to  hold  that  a  political  instrumentality  is 

'  value  only  in  proportion  as  there  exists  a  strength  of  character 

If(j'  ^  iTig  it,  and  at  the  same  time  to  Iiold  that  a  fit  political 

y  is  indispensable.     Here,  as  before,  results  are  not  pro- 

tortionate  to  appliances;  hut  they  are  proportionate  to  the  force  for 

lOperatiou  of  which  certain  appliances  are  necessary. 

He  other  still  more  general  and  more  subtle  kind  of  political  bias 
btt  to  be  goarded  against.  Beyond  that  excess  of  faith  in  laws  and  in 
l^Htical  forms  which  is  fostered  by  awe  of  regulative  agencies,  there 

*  Whdir  iu  dcmliog  with  the  vitiation  of  evidence,  I  before  referred  to  the  legifiUtion 

rfc- !«!  1.  I    I   rr.TTim oiled  Oil  llic  readv  acceptancc  of  thosc  onc-Bidi'd  fitatcmeiita  made 

istitlotL,  in  contrast  with  the  cotitcmpt  for  ihoBc  multitudmoiis  proofi^ 

^a  would  inevitably  result  from  the  arrangements  made.     Bincc  that  ptis* 

t  ««i  vHflffi,  there  has  been  ft  fftartling  justification  of  it>     A  murder  ha;}  be^o  com- 

i  Iffft  gsii;^  of  6ham-det€ctires  (one  of  them  a  government  employ^)  ;  and  the  trlnl 

bt  oai  the  fact  thai  for  the  last  three  yearg  the  people  of  Lille  have  b«on  eub- 

\  lo  an  organized  terroiisro  which  has  grown  out  of  ibe  pystem  of  prostitute-in  spec- 

^    Thou;;h,  during  thof  e  three  ycara,  five  hundred  woracu  are  said  by  one  of  tbcBo 

oUui«  to  have  fallen  Into  their  clutches — though  the  men  have   been  bkcktnailed 

,Mltt«  w«M«<n  outrmged  to    thU  inimen«e  extent,  yet  the  practice  went   on    for  tbt* 

ibrlooi  (Oiatigb,  one  would  have  thou^bt,  to  need  no  proof  by  illustration)  ihnl 

pltred  pfoltrrcd  to  submit  rather  than  endanger  their  Lhamctf  ra  by  complain- 

1  CIk  pTictic^  would  doubtless  have  gone  on  gtlll  but  for  the  murder  of  one  of  tho 

Tq  aooie  thlj  ca*e  nill  carry  conviction  :  probably  not^  however,  to  those  who, 

iftet  of  what  tliey  arc  plf^Ased  to  call  **  practical  Icgialation,'*  prefer  an  inductioa 

:  to  latetellgUABcd  on  umreraal  hbtcc^^^^^^^^^^^^^^ 
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is,  even  among  tbose  least  swayed  by  tliis  awe,  a  vague  laitb  in  Ibe  im- 
mediate possibility  of  somctbing  much  belter  than  now  exists — a  tacit 
assumption  that,  even  witli  mon  as  they  now  are,  public  affairs  might 
be  much  better  managed*  The  mental  attitude  of  such  may  be  best 
dbplayed  by  au  imaginary  cor)ver8ation  between  one  of  them  and  s 
member  of  the  L€gislature.  ^| 

"Why  do  your  agents,  with  no  warrant  but  a  guess,  make  tffl 
surcharge  on  my  income-tax  return ;  leaving  me  to  pay  an  amount  that 
is  not  due,  and  to  establifth  a  precedent  for  future  like  payments,  or 
else  to  lose  valuable  time  in  proving  their  assessment  excessive,  and, 
while  go  doing,  to  expose  all  my  affairs?  You  leave  me  to  choose 
between  two  losses,  direct  and  indirect,  for  tlie  f^ole  reason  that  your 
assessor  fancies,  or  professes  to  fancy,  that  I  have  understated  my  in- 
come. Why  do  you  allow  Ibis  ?  Why  in  this  case  do  you  invert  the 
principle  which,  in  eases  between  citizens,  you  hold  to  be  an  equitable 
one — the  principle  that  a  claim  niUftt  be  proved  by  him  who  makes  it^ 
not  disproved  by  Lim  against  whom  it  is  made  ?  Is  it  in  parsuance 
of  old  political  usages  that  you  do  this  ?  Is  it  to  harmonize  with  ^jL 
practice  of  making  one  whom  you  had  falsely  accused  pay  the  eosts^f 
his  defence,  although  in  suits  between  citixeiis  you  require  the  loser  to 
bear  all  the  expense  ? — a  practice  you  liave  but  lately  relinquishi 
Do  you  desire  to  keep  up  the  spirit  of  the  good  old  rulers  who  \ 
pressed  laborers  and  paid  them  what  they  pleased,  or  the  still  ol^ 
ones  who  seized  whatever  they  w^anted  ?  Would  you  maintain  tUi« 
tradition  by  laying  hands  on  as  much  as  possible  of  my  earnings  \ 
leaving  me  to  get  part  of  it  back  if  I  can :  expecting,  indeed,  tha 
shall  very  likely  submit  to  the  loss  rather  than  undergo  the  won 
and  hindrance,  and  injury,  needful  to  recover  what  you  have  wroB 
fully  taken  ?  I  was  brought  up  to  regard  the  Government  and 
officers  as  my  protectors;  and  now^  I  tind  tliem  aggressors  agaiusl 
whom  I  have  to  defend  myself." 

'*Wbat  would  you  have?  Our  agents  could  not  bring  forward 
proof  that  an  income-tax  return  was  loss  than  it  should  be.  Either  the 
present  method  must  be  pursued,  or  the  tax  must  be  abandoned." 

**  I  have  no  concern  with  your  olternative.  I  have  merely  to  ] 
oiit  that  between  man  and  man  you  recognize  no  such  plea.  When  » 
plaintilf  makes  a  claim  but  cannot  produce  e\'idencc,  you  do  not  malic 
tbe  defendant  submit  if  he  fjiils  to  show  that  the  claim  is  grounillesSk 
You  say  that,  if  no  evidence  can  be  given,  nothing  can  be  do 
Why  do  you  ignore  this  principle  when  your  agents  make  the  claid 
Why  from  the  fountain  of  equity  comes  there  this  inequity  ?  Is  il^ 
maintain  consistency  with  that  system  of  criminal  jurisprudence  uu 
which,  while  professing  to  hold  a  man  innocent  till  proved  guilty, ; 
treat  him  before  trial  like  a  convict — as  you  did  Dr.  Hessel? 
your  views  really  represented  by  these  ^Middlesex  magistrates 
have  appointed,  who  sec  no  hardship  to  a  man  of  culture  in  the  \ 
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Bu  of  a  yirison-oell,  and  the  aubjcction  to  prison-rules,  on  tbe  mere 
■fBi»tcioD  that  he  has  committed  a  murder?" 

m  "^Tho  toagistrates  held  that  the  rules  allowed  them  to  make  no 
■btUictioiis.     You  would  not  Introduce  elass-legislatiou  into  prison* 

^'■*t fiBiember  that  is  one  of  the  excuses;  and  I  cheerfully  give 

credit  to  this  endeavor  to  treat  all  classes  alike.     I  do  so  the  more 

dMerfutly  because  this  application  of  the  principle  of  equality  differs 

muoh  from  those  which  you  ordinarily  make — as  when,  on  discharging 

lome  of  your  well-paid  officials  who  have  held  sinecures,  you  give  them 

tate  j>euiiions,  for  the  reason,  I  suppose,  that  their  expensive  styles 

b{  living  have  disabled  them  from  saviog  any  thing ;  while,  when  you 

r<t    '  dock-yard  laborers,  you  do  not  give  them  compensation,  for 

I  1  I,  I  suppose,  that  out  of  weekly  wages  it  is  easy  to  accumu- 

|lit«  ft  competence.     This,  however,  by  the  way.     I  am  here  concerned 

I  with  that  action  of  your  political  system  which  makes  it  an  aggressor 

llD  cittxens,  whether  rich  or  poor,  instead  of  a  protector.   The  instances 

Htaie  given  are  but  trivial  instances  of  its  general  operation.     Law  is 

■Bt  name  of  dread,  as  it  was  in  past  times.     My  legal  adviser,  being 

Bfey  ^endt  strongly  recommends  me  not  to  seek  your  aid  in  rccover- 

I  t-  rty  fraudulently  taken  from  me;  and  I  perceive,  from  their 

I  ^  iiat  my  acquaiptances  would  pity  me  as  a  lost  man  if  I  got 

nto  your  Court  of  Equity.  Whether  active  or  passive,  I  am  in  danger. 

Bbitr  arrangements  are  such  that  I  may  be  pecuniarily  knocked  on  the 

piltd  by  itome  one  who  preteuds  I  have  injured  his  property.     I  have 

fW  iltemative  of  letting  my  pocket  be   picked  by  the  scamp  who 

laakiei  thi*  baseless  allegation  in  the  hope  of  being  paid  to  desist,  or 

if  meeting  the  allegation  in  Chancery,  and  there  letting  my  pocket  be 

^idced,  probably  to  a  still  greater  extent,  by  your  agencies.     Nay, 

I  thw  Tou  have,  as  you  profess,  done  me  justice  by  giving  me  a  verdict 

kd  cottdenmlng  the  scamp  to  pay  costs,  I  find  I  may  still  be  ruined 

^g  hAYbig  to  fifty  my  own  costs  if  he  has  no  means.     To  make  your 

l^itiei  cotigmcnis  throughout,  it  only  needs  that,  when  I  call  him  to 

Utttoe  from  the  foot-pad,  your  policeman  should  deal  me  still  heavier 

LlkiWR  than  lh«  foot-pad  di<l,  and  empty  my  purse  of  what  remains 

V  "Why  so  impatient?  Are  we  not  going  to  reform  it  all?  Was 
Btnoit  last  session  proposed  to  make  a  Court  of  Appellate  Jurisdiction 
Rf  i]^p«imtiag  four  peers  with  salaries  of  £7,000  each  ?  And  has  there 
litlbeeil  !►'  '  "  ird  this  session,  e\'en  quite  early,  a  Government- 
Biigan  fu<  -  appeals  ;  s6  that  the  final  judgments  may  not 

M  pOt^MMied  from  year  to  year  ?  Give  us  a  little  time,  and  we  will 
■dcB  ibene  renewals  of  litigation  much  easier.^* 

W  **Tliajikfl  in  advance  for  the  improvement.  When  I  have  failed  to 
BrinitT^elf  by  a  first  miit,  it  will  be  a  consolation  to  think  that  I  can 
Msi^to  tny  rotn  by  a  second  with  less  delay  than  heretofore.    Mean- 
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while,  instead  of  this  reform  which  you  seem  to  think  of  primary  i 
jjortanee,  I  ehould  be  obliged  if  you  would  diminish  the  occaeion 
appeals,  by  making  your  laws  such  as  it  is  possible  for  me  to  koow»  i 
at  any  rate,  such  as  it  is  possible  for  your  judges  to  know^;  and' 
should  he  further  obliged  if  you  would  give  me  easier  remedies  against 
aggressions,  instead  of  remedies  so  costly,  so  deceptive,  so  dangerous, 
that  I  prefer  suSeriag  the  aggressions  in  silence.  Daily  I  experience 
the  futility  of  your  system.  I  start  on  a  journey  expecting  (foolishly, 
I  admit)  that,  in  conformity  with  the  advertised  times,  I  sliall  just  be 
able  to  reach  a  certain  distant  town  before  night ;  but  the  train,  being 
an  hour  late  at  one  of  the  junctions,  I  am  defeated — am  put  to  the 
cost  of  a  night  spent  on  the  way,  and  lose  half  the  next  day.  I  paid 
for  a  first-class  seat  that  I  might  have  space,  comfort,  and  nnobjec- 
tiouable  fellow-travellers  5  but,  stopping  at  a  town  where  a  fair  is 
going  on,  the  guard,  on  the  plea  that  the  third-class  carriages  are  full, 
thrusts  into  the  compartment  more  persons  tlian  there  are  places  for, 
who,  both  by  behavior  and  odor,  are  repulsive.  Thus  iu  two  ways  I 
am  defrauded.  For  part  of  the  fraud  I  have  no  remedy;  and,  for  the 
rest,  my  remedy,  doubtful  at  best,  is  practically  unavailable.  Is  the 
reply  that,  against  the  alleged  breach  of  contract  as  to  time,  the  com- 
pany has  guarded  itself,  or  professes  to  have  guarded  itself,  by  di^ 
claiming  responsibility  ?  Tlje  allowing  such  a  disclaimer  is  one  of  your 
coimtlesa  negligences.  You  do  not  allow  me  to  plead  irresponsibility 
if  I  give  the  company  bad  money,  or  if,  having  bought  a  ticket  for  the 
second  class,  I  travel  in  the  first.  On  my  side  you  regard  the  contract 
as  quite  definite;  but,  on  the  other  side,  you  practically  allow  the  con- 
tract to  remain  undefined.  And  now  see  the  general  cftects  of  your 
carelessness!  Scarcely  any  trains  keep  their  times;  and  the  r 
of  chronic  unpunctuality  is  a  multiplication  of  accidents  and  h 
life.^' 

"  How  about  laissez-faire  P  I  thought  your  notion  was,  thai  liic 
less  Government  meddled  with  these  things  the  better  ;  and  now  you 
complain  that  the  !aw  docs  not  secure  your  comfort  in  a  railway-car- 
riage, and  see  that  you  are  delivered  at  your  journey's  end  in  due  linie. 
I  suppose  you  approved  of  the  proposal  made  in  the  House  last  ses- 
sion, that  companies  should  be  compelled  to  give  foot-warmers  to  4 
ond-class  passengers." 

^'  Really,  you  amaze  me.     I  should  have  thought  tliat  not  oven  j 
dinary  intelligence,  much  less  select  legislative  intelligence,  wO 
have  fallen  into  such  a  confusion.     I  am  not  blaming  you  forfailingl 
secure  me  comfort  or  punctuality.     I  am  blaming  you  for  failing  to  < 
force  contracts.     Just  as  strongly  as  I  protest  against  your  neglect  i 
letting  a  conjpany  take  my  money,  and  then  not  give  me  all  I 
for,  BO  strongly  should  I  protest    did   you  dictate  how  much  coa 
venience  should  be  given  me  for  so  much  money.     Surely  I  need  : 
remind  you  that  your  civil  law  in  general  proceeds  on  the  principi 
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■hat  t!ie  goodness  or  badnef  3  of  a  bargain  is  the  afiair  of  those  who 
Pb&ke  U,  not  your  affair;  but  that  it  is  your  doty  to  enforce  the  bar- 
Inm  wlion  made.  Only  in  proportion  as  this  is  done  can  men's  lives 
Kl  society  be  maintained.  The  condition  to  all  life,  human  or  other,  is 
Rbat  effort  put  forth  shall  bring  the  means  of  repairing  the  parts  wasted 
mfs  c€brt — shall  bring,  too,  more  or  less  of  surplus,  A  creature  that 
notinaously  expends  energy  without  return  in  nutriment  dies ;  and  a 
Brc^tiire  id  indirectly  killed  by  any  thing  which,  after  energies  have 
Km!Q  expended,  habitually  intercepts  the  return.  This  holds  of  asso- 
mted  hnman  beings  as  of  all  other  beings.  In  a  society,  most  citizens 
^-  -!-t  obtain  sustenance  directly  by  the  powers  they  exert,  but  do  it 

:cctly:  each  gives  the  produce  of  his  powers  exerted  in  his  special 

^Bin  exchange  for  the  produce  of  other  men's  powers  exerted  in 
HHr'ways.  The  condition  under  which  only  this  obtaining  of  sus- 
yninrr^  to  replace  the  matter  wasted  by  effort,  can  be  carried  on  in  so- 
liety,  is  fulfilment  of  contracts.  Non-fulfilment  of  contract  is  letting 
kergy  be  expended  in  expectation  of  a  return,  and  then  withholding 
Hie  retoriL  The  maintenance  of  contract,  therefore,  is  the  maintenance 
Wt  the  fundamental  principle  of  all  life  under  the  form  given  to  it  by 
fecial  arrangements.  I  blame  you  because  you  do  not  maintain  this 
nndamental  principle  ;  and,  as  a  consequence,  allow  life  to  be  impeded 
mod  sacrificed  in  countless  indirect  ways.  You  are,  I  admit,  solicitous 
about  my  Ufe  as  endangered  by  my  own  acts.  Though  you  very  in- 
■df<{i2Ately  guard  me  against  injuries  from  others,  you  seem  particu* 
■kriy  anxious  that  I  shall  not  injure  myself.  Emulating  Sir  Peter  Lau- 
■i,  who  made  liimself  so  famous  by  threatening  to  **  put  down  suicide," 
Bb«  do  what  you  can  to  prevent  me  from  risking  my  limbs.  Your 
wtjl  care  of  me  is  shown,  for  instance,  by  enforcing  a  by-law  which 
Mbdfiiln  roe  to  leave  a  railway-train  in  motion ;  and,  if  I  jump  out,  I 
HftJ  that,  whether  I  hurt  myself  or  not,  yon  decide  to  hurt  me — by  a 
Rha.*  Not  only  do  you  thus  punish  me  when  I  run  the  risk  of  pnnish- 
B^ri  ^  'it  your  amiable  anxiety  for  my  w^elfarc  shows  itself  in 

I  tikiii^  !  y  out  of  my  pocket  to  provide  me  with  various  eonven- 
pfeagg^^— btftths  and  wash-houses,  for  example,  and  free  access  to  books« 
B||r0f  my  pocket,  did  I  say  ?  Not  always.  Sometimes  out  of  the 
^^Bts  of  those  least  able  to  afford  it ;  as  wlien,  from  poor  authors 
^^■o«6  by  their  hooka,  you  demand  grath  copies  for  your  public  li- 
^^■l»i  that  I  and  others  may  read  them  for  nothing — Dives  robbing 
^^KBJI  that  ho  may  give  alms  to  the  w^ell-clad !  But  these  many 
^^Hlyou  offer  are  things  I  do  not  ask  \  and  you  will  not  effectually 
VHR  ine  the  one  thing  I  do  ask  I  do  not  want  you  to  ascertain  for 
file  ibo  nmi are  of  the  sun's  corona,  or  to  find  a  northwest  passage,  or 
mb  eiplore  the  bottom  of  the  sea ;  but  I  do  want  you  to  insure  me 
valnit  aggression,  by  making  the  punishment  of  aggressors,  civil  as 
Hit]  IS  criminal,  swift,  certain,  and  coRtless  to  those  injured.  Instead 
W  ^  Sat  cue  hi  7Tm«f,  December  11, 1872. 
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of  doing  this,  you  pcrgiftt  in  doing  other  tbings*  Instead  of  securing 
me  the  bread  due  to  tny  efforts,  you  give  me  a  stone — a  sculptured 
block  from  Ephesus.  I  am  quite  content  to  enjoy  only  what  I  get  by 
my  own  exertions,  and  to  !)ave  only  that  information  and  those  pleas- 
ures for  which  I  pay.  I  am  quite  content  to  suffer  the  evils  brought  on 
me  by  my  own  defects — believing,  indeed,  that  for  me  aud  all  there  is 
no  other  wholesome  discipline.  But  you  fail  to  do  what  is  needed. 
You  are  careless  about  insuring  to  me  the  unhindered  enjoyment  of 
the  benefits  my  efforts  have  purchased;  and  you  insist  on  giving  loe, 
at  other  people's  expense,  benefits  my  efforts  have  not  purchased,  and 
on  saving  me  from  penalties  I  desei-ve,'* 

"  You  art^  unreasonable.  We  are  doing  our  best  with  the  enormous 
mass  of  business  brought  before  us:  sitting  on  committees,  reading 
evidence  and  reports,  debating  till  one  or  two  in  the  morning.  Ses- 
sion after  session  we  work  hard  at  all  kinds  of  measures  for  the  pablic 
welfare — devising  plans  for  educating  the  people;  enacting  better  ar- 
rangements for  the  health  of  towns  ;  making  inqmries  into  the  impurity 
of  rivers;  deliberating  on  plans  to  diminish  drunkenness ;  prescribing 
modes  of  building  houses  that  they  may  not  fallj  de]>uting  commissi^rti' 
ers  to  facilttate  emignition  ;  and  so  on.  You  can  go  to  no  place  that 
docs  not  show  signs  of  our  activity.  Here  are  public  gardens  formed 
by  our  local  lieutenants,  the  municij>al  bodies;  here  are  light- houses  we 
have  put  up  to  prevent  shipwrecks.  Everywhere  we  have  appointed 
inspectors  to  see  that  salubrity  is  maintained;  everywhere  there  are 
vaccinators  to  see  that  due  precautions  against  small-pox  are  observed  J 
and,  ifj  happening  to  be  in  a  district  where  oui"  arrangements  are  ii» 
forcCj  your  desires  are  not  well  controlled,  wc  do  our  best  to  insure 
you  a  healthy"— 

"  Yes,  I  know  what  you  would  say.  It  is  all  of  a  piece  with  the  re§t 
of  your  policy.  While  you  fLiil  to  protect  me  against  others,  yon  insist 
on  protecting  me  against  myself.  And  your  very  fiiilure  to  do  the 
essential  thing  resnlts  from  the  absorption  of  your  time  in  doing  non- 
essential  things.  Do  yon  tliink  that  your  beneficences  make  up  for 
the  injustices  you  let  me  bear  ?  I  do  not  want  these  sops  and  gratui- 
ties ;  but  I  do  want  security  against  trespasseSj  direct  and  indirect — 
security  that  is  real,  and  not  nominah  See  the  predicament  in  which 
I  am  placed »  You  forbid  me  (quite  rightly,  I  admit)  to  adnxinister 
justice  on  my  own  behalf;  and  you  profess  to  administer  it  for  me,  I 
may  not  take  summary  measures  to  resist  encroachment,  to  reclaim 
my  own,  or  to  seize  that  which  I  bargained  to  have  for  my  services: 
you  tell  mo  that  I  must  demand  your  aid  to  enforce  my  claim.  But 
demanding  your  aid  commonly  brings  such  frightful  evils  that  I  prefer 
to  bear  tlie  wrong  done  me.  So  that,  practically,  having  forhidden 
mc  to  defend  myself,  you  fail  to  defend  me.  By  this  my  life  is  viti- 
ated along  with  the  lives  of  citixens  in  general  AH  transactions  are 
impeded;    time  and  labor  are  lost;    the  pricee  of  commodities  lire 
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rawed  Honest  men  are  defrauded,  and  rogues  thrive*  Bebiors  out- 
fit their  creditors  \  bankrupts  make  purses  by  their  failures,  and  re- 
commence on  larger  scales ;  and  financial  frauds  tliat  ruin  their  thou- 
laodfi  go  unpunished.'' 

Thus  far  our  impatient  friend.  And  now  see  how  untenable  is  his 
position.  He  actually  supposes  that  it  is  possible  to  get  government 
conducted  on  rational  principles  1  His  tacit  assumption  is  that,  out  of  a 
commtmity  morally  imperfect,  and  intellectually  imperfect,  there  may 
in  some  way  be  had  legislative  regnlation  that  is  not  proportionately 
imperfect !  He  is  under  a  delusion.  Not  by  any  kind  of  government, 
estiibliahed  after  any  method,  can  the  thing  be  done.  A  good  and 
wise  autocrat  cannot  be  chosen  or  otherwise  obtained  by  a  people  not 
good  and  wise.  Goodness  and  wisdom  will  not  characterize  the  buc- 
fiMsive  families  of  an  oligarchy,  arising  ont  of  a  bad  and  foolish  peo- 
ple, any  more  than  they  will  characterize  a  line  of  kings.  Nor  will 
any  Biistem  of  representation,  limited  or  universal,  direct  or  indirect, 
^0  more  than  represent  the  average  nature  of  citizens.  To  dissipate 
his  notion  that  truly-rational  government  can  bo  provided  for  them* 
fitlves  by  a  people  not  truly  rational,  he  needs  but  to  read  election- 
ipt'eches,  and  observe  how  votes  are  gained  by  clap-trap  appeals  to 
BeDwleea  prejudices,  and  by  fostering  hopes  of  impossible  benefits, 
while  votes  are  lost  by  candid  statements  of  stern  truths  and  endeav- 
<>»  to  dissipate  groundless  expectations.  Let  him  watch  the  process, 
*od  he  will  sec  timt  when  the  ferraentmg  mass  of  political  passions 
*Qd  beliefs  is  pnt  into  the  electoral  still,  there  distils  over  not  the  wis- 
'*oia  alonCj  but  the  folly  also — sometimes  in  the  larger  proportion. 
^«iy,  if  he  watches  closely  he  may  suspect  that  not  only  is  the  corpor- 
*ie conscience  lower  than  the  average  individual  conscience,  but  the 
J^yfpomte  intelligence  too.  The  minority  of  the  vnso^  in  a  constituency 
I*  liable  to  be  wholly  submerged  by  the  majority  of  the  ignorant; 
own  ignorance  alone  gets  represented.  In  the  representative  assem- 
%f  again,  the  many  mediocrities  practically  rule  the  few  superiorities: 
the  few  superior  are  obliged  to  express  those  views  only  which  the 
^l  Cfta  tmderstand,  and  must  keep  to  themselves  their  best  and  far- 
^t-reaching  thoughts,  as  thoughts  that  would  have  no  weight.  He 
••^but  to  remember  that  abstract  principles  arc  pooh-poohed  in  the 
Wotue  of  Commons,  to  see  at  once  that,  while  the  unwisdom  expresses 
*l^t'lf  abotidantly,  what  of  highest  wisdom  there  may  be  has  to  keep 
'^iwiec.  And,  if  he  asks  an  illnstration  of  the  way  in  which  the  intelli* 
genet  of  the  body  of  members  brings  out  a  result  lower  tlian  would 
tte  iiiteliigcnce  of  the  average  member,  he  may  see  one  in  those  mud- 
'ing»  of  provisions  and  confusions  of  language  in  Acts  of  Parliament, 
have  lately  been  calling  forth  protests  from  the  judges. 
OS  the  assumption  that  it  is  possible  for  a  nation  to  get  in  the 
•klpe  of  Liw  something  like  embodied  reason,  when  it  is  not  itself 
iirvaded  by  a  correlative  reasonableness,  is  improbable  a  priori  and 
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di?proved  a  posterior L  The  belief  that  truly  good  IcgislatioL 
miiiist ration  can  go  along  with  a  humanity  not  truly  good,  18 1 
delusion.  While  our  own  form  of  government,  giving  mean 
pressing  and  enforcing  claims,  is  the  best  form  yet  evolveq 
venting  aggressions  of  class  upon  class,  and  of  individuall 
another,  yet  it  is  hopeless  to  expect  from  it,  any  more  than  ft 
forms  of  government,  a  capacity  and  a  rectitude  greater  than 
the  society  out  of  which  it  grows.  And  criticisms  like  the  fij 
which  imply  that  its  shortcomings  can  be  set  right  by  expoi 
with  existing  governing  agents  or  by  appointing  others,  haj 
subtlest  kind  of  political  bias  which  is  apt  to  remain  when  the^ 
kinds  have  been  got  rid  o£  i 

Second  only  to  the  class-bias,  we  may  say  that  the  political  1 
seriously  distorts  sociological  conceptions.  That  this  is  so  ^ 
bias  of  political  party,  every  one  sees  in  some  measure,  thouj 
full  measure.  It  is  manifest  to  the  Eadical  that  the  bias  of 
blinds  him  to  a  present  evil  or  to  a  future  good.  It  is  manLfl 
Tory  that  the  Radical  does  not  see  the  benefit  there  is  in  til 
he  wishes  to  destroy,  and  fails  to  recognize  the  mischiefs  lifc 
done  by  the  institution  he  would  establish.  But  neither  imag 
the  other  is  no  less  needful  than  himself.  The  Radical,  will 
practicable  ideal,  is  unaware  that  his  enthusiasm  will  serrl 
advance  things  a  little,  but  not  at  all  as  he  expects  ;  and  hc( 
admit  that  the  obstructiveness  of  the  Tory  is  a  wholesoii 
The  Tory,  doggedly  resisting,  cannot  perceive  that  the  edi 
order  is  but  relatively  good,  and  that  his  defence  of  it  is  i 
means  of  preventing  premature  change  ;  while  he  fails  to  reol 
the  bitter  antagonism  and  sanguine  hopes  of  the  Radical  the^ 
w  ithout  which  tbei-c  could  be  no  progress.  Thus  neither  fuB 
stands  his  own  function  or  the  function  of  Ids  opponent;  a^ 
much  as  he  falls  short  of  undcrstandiog  it,  he  is  disabled  froll 
understand ijig  social  phenomena.  | 

The  more  general  kinds  of  political  l)ias  distort  men^s  soi 
conceptions  in  other  ways,  but  quite  as  seriously.  There  is  t% 
nial  delusion,  common  to  Radical  and  Tory,  that  legislation  li 
tent,  and  that  things  will  get  done  because  laws  are  passed  to  I 
there  is  this  confidence  in  one  or  other  form  of  government,  dl 
belief  that  a  government  once  establishc'd  will  retain  its  I 
work  as  was  intended ;  there  is  this  hope  that  by  some  mead 
lective  wisdom  can  be  separated  from  the  collective  folly,  and 
it  in  such  way  as  to  guide  things  aright— all  of  them  imply 
general  political  bias  wliich  inevitably  coexists  with  subordq 
political  agencies.  Tlie  effect  on  sociological  speculation  is  1 
tain  the  conception  of  a  society  as  something  manufactured  ' 
en,  and  to  distract  attention  from  the  pbenomcna  of  social  i 
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Wbile  the  regulating  agency  occupies  the  thoughts,  scai'cely  any 
ihoiight  is  giireu  to  those  astounding  processes  and  results  due  to  the 
eaeiglea  regulated.     The  geuesis  of  the  vastj  productive  and  manufac- 
turing and  distributing  agencies  which  has  gone  on  spontaneously, 
■g^n  hindered,  and  at  best  only  restrained,  by  governing  powers,  ta 
PUsted  over  with  unobservant  eyes.     And  thus,  by  continually  con- 
templating the  power  which  keeps  in  order,  and  contemplating  rarely, 
if  at  all,  the  activities  that  are  kept  in  order,  there  is  produced  an  ex- 
tremely onesided  theory  of  society. 

Clearly,  it  is  with  this  as  it  is  with  tlie  kinds  of  bias  previously  con- 
lidered — ^the  degree  of  it  bears  a  certain  necessary  relation  to  the 
tempory  phase  of  progress.  It  can  diiniiiish  only  as  fast  as  society 
•dTiaoes.  A  well-balanced  social  self-consciousness,  like  a  well-baL 
need  individual  self-couscioasneas,  is  the  accompaniment  of  a  high 
ITttktion. 
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r  endeavor  will  be,  to  show  that  there  may  be  obtained,  from  a 
much-diminisbed  consumption  of  coal  in  fireplaces  used  for 
lomevttc  purposes,  all  the  advanlages  which  have  hitherto  resulted 
&tn&the  wasteful  expenditure  which  has  prevailed. 
I  Lave  no  expectation  of  stating  any  thing  that  is  actually  new, 
se  the  fxinctions  and  the  attributes  of  heat  and  combustion  have 
boen  thoroughly  discussed  in  tbeir  application  to  industrial  ob- 
I  hope^  however,  to  draw  attention  to  important  considerations 
vbicb  govern  the  application  of  heat,  and  which  are  very  generally 
a^etod  in  fireplaces,  in  kitchen-ranges,  and  in  most  warming  a|>- 

I  Ibink  I  may  say,  without  hesitation,  that  the  quantity  of  fuel  now 

dotely  wasted  in  our  houses  amounts  to  at  least  five^si.xths  of  the 

1  oonsttmed*    That  is  to  say,  if  the  greatest  care  and  the  best  meth- 

tof  ap|»1ying  the  boat  were  in  all  oases  adopted,  we  could  effect  in 

ig  ai>d  cooking  all  that  we  now  effect,  with  one-sixth  of  tlie  coal 

iiow  lite;  and,  if,  to  the  construction  of  our  fireplaces  and  cooking 

XnSy  simple  principles  were  recognized  and  ordinary  care  was 

,  we  might  without  diificulty  save  from  two-thirds  to  half  of  the 

*ed. 
^my  remarks  on  this  question  I  intend  to  confine  myself  rathei 
^^  coonciation  of  the  principles  which  should  govern  the  applica- 
lof  bttitfor  d<v  '  iirposes,  than  to  give  descriptions,  except 

\  I  gioeral  way,  t-  l  I  appliances. 
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The  inventors  of  apparatus  for  warming  and  cookiDg  are  bo  nu- 
merous, and  the  merits  of  a  large  number  of  inventious  which  hav^ 
come  into  common  use  are  of  bo  negative  a  value,  that  it  would  rioC> 
he  iair  to  eiogle  out  some  individual  instance  for  condemnation^  ani 
leave  unnoticed  other  apparatus  which  poBBCss  equal  defects  and  majjp" 
he  in  equally  extensive  use.     Mr.  Edwards*s  very  interesting  and  in— 
structive  treatise  on  domeetic  fireplaces  clearly  shows  with  what  per— 
Bistent  perverseucss  the  inventions  which  possess  real  merit  have  been. 
almost  invariably  passed  by*     This  result,  I  fear,  is  due  mainly  to  tho 
fact  that  architects  and  builders  have  not  been  penetrated  with  sound 
principles  on  the  warming  of  our  dwellings,  and  have  encouraged  th© 
adoption  of  showy  grates,  based  on  false  principles,  instead  of  taking 
the  trouble  to  make  new  designs  of  pretty  grates  based  on  sound  prin-. 
eiples  of  wanning. 

Tlie  question  of  the  consumption  of  coal  for  domestic  purposes 
divides  itself  into  two  branches : 

1.  The  quantity  required  for  warmth*  'I 

2.  The  quautity  required  for  cooking. 

The  former  is  required  only  far  the  winter  months,  the  latter  is  a 
permanent  quantity  during  the  year. 

The  waste  of  coal  in  domestic  fireplaces  is,  however,  no  new  ques- 
tion.    It  is  quite  eighty  years  since  the  subject  was  most  fully  treated 
of  by  Count  Rnmfonl,  and  afterward  by  Mr.  Sylvester,     They  showed 
conclusively  what  enormous  savings  in  fuel,  for  heating,  cooking,  aD<l 
drying,  were  possible.     Count  Runiford's  principles  have  never  bee» 
generally  applied,  because  the  price  of  coals  has  ruled  so  low  tba't^ 
householders  have  not  much  cared  for  economy.     We  hear  Coiib^ 
Rumford's  axioms  now  and  then  quoted  by  rival  manufacturers  in  gup — ' 
port  of  their  newly-devised  grates  or  kitchen-ranges;  but,  in  man^ 
cases,  the  manufacturer,  in  the  article  he  supplies,  seems  to  be  endeav^ 
oring  to  violate,  rather  than  to  follow,  every  axiom  which  Count  Rom- 
ford ever  laid  down, 

I  do  not  mean  to  say  that  improvements  have  not  taken  place  since 
Count  Rumford's  time,  but  the  progress  in  the  direction  of  economy 
has  been  very  small,  when  we  consider  the  great  ingenuity  displayed 
in  devising  ijew  forms  of  apparatus.  In  respect  of  our  fireplaces,  our 
chief  talent  has  been  expended  in  providing  a  means  of  warming  the 
outside  air,  and  of  polluting  it  by  the  smoke  and  soot  we  project 
into  it. 

The  methods  which  have  been  adopted  for  warming  houses  fall 
tinder  the  several  heads  of — 

1,  Open  fireplaces,     •  ^  J 

2,  Close  stoves  (the  German  plan). 

3,  The  Roman  hypocaust,  or  floors  warmed  by  direct  action  of  fire. 

4,  Hot-water  pipes,  without  ventilation, 

5,  Hot  air  warmed  by  a  cockle,  or  by  hot-water  pipes. 
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The  class  of  apparatus  to  be  adopted  in  any  oouDtry  will, vary  witli 
tbe  climate.  lu  England  the  climate  is  of  eo  very  changeable  a  nature, 
that  the  amount  of  heat  required  for  comfort  in  a  bouse  varies  from 
day  to  day.  There  are  many  days  in  the  middle  of  winter  when  it  is 
possible  to  eit  in  an  nnwarmed  room ;  or,  sometimes  a  warm 
lionnng  is  followed  by  a  cold  afternoon,  when  the  sudden  application 
'  heat  is  desirable.  It  is  probably  for  this  reason  that  in  England 
»pen  fireplace  hasj  as  a  rule,  held  its  own  agaiufit  all  the  proposals 

ing  houses  by  means  of  one  central  fire. 
The  open  fireplace  in  ordinary  use  warms  only  by  means  of  the 
Iti^ct  radiation  of  the  flame  into  the  air  of  the  room.     It  is  the  most 
primitive  mode  of  warming,  derived  from  the  days  when  our  ances- 
tors inhabited  caves.     But  these  ancestors,  by  placing  the  fire  in  the 
L  centre  of  the  floor  of  the  cave,  derived  from  it  a  larger  portion  of  heat 
rAm  WB  generally  do,  who  place  it  against  the  wall  of  the  room,  and 
r  eirry  off  the  greater  part  of  the  heat  up  a  flue  separated  from  the 
'  ToatrL    The  earlier  fireplaces  consisted  of  a  large  square  brick  opening, 
with  a  chimney  carried  up  for  the  escape  of  smoke.     The  large  square 
btf^tace  was  adverse  to  the  direct  radiation  into  the  room  of  the  heat 
gawrstcd,  an 4  the  large  chimney  removed  from  the  room  a  very  con- 
I  lidcrablc  quantity  of  air,  which  had  necessarily  to  be  replaced  by  cold 
■Dj^wing  into  the  room  through  all  available  apertures,  and  this 
^^Bd  strong  draughts. 

f^rtanklin,  Count  Rumford,  and  Sylvester,  are  the  most  prominent 
latmet  of  those  who  at  an  early  period  cootributed  improvements  to 
I  the  winning  of  our  houses.  The  main  principle  of  fireplace  construc- 
ItioQ  advocated  by  Count  Rumford^  eighty  years  ago,  was,  that  the 
rktlt  radiated  from  the  fire  directly  into  the  room  should  be  developed 
llothe  utmost.  He  brought  the  back  of  the  fireplace  as  prominently 
pibrirard  aa  possible;  he  sloped  the  sides  so  as  to  reflect  heat  into  the 
I  ttiom^  he  advocated  the  use  of  fire-brick  backs  and  sides  instead  of 
|^B[  be  reduced  the  size  of  the  chimney  opening,  so  iis  to  prevent  the 
HBlty  carrying  ofl'  the  large  quantity  of  warmed  air  it  used  to  re- 
pMtv  in  luj  time.  Our  manufacturers  of  fireplaces  have  continued 
p  the  lajne  groove.  They  have,  undoubtedly,  in  some  cases,  largely 
Pbftiopeii  the  use  of  radiant  heat.  There  are  fireplaces,  eminently 
raeetttful  un  radiators  of  heat,  of  a  circular  or  concave  form,  with  pol- 
RsM  iron  rides,  the  fire  being  placed  against  a  fire-brick  back  forming 
Iti^tpex  of  the  conravity.  So  long  as  the  concave  surfaces  arc  bright, 
pie  belt  thrown  out  by  them  when  a  clear  flame  is  burning  is  very 
bretty  but  the  gases  from  the  flame  pass  directly  off"  into  the  cliimney 
Ithile  tbey  are  ettU  at  a  very  high  temperature.  The  heat  of  the  flame 
lit  that  part  will  often  be  between  1,200"*  and  1,500°  Fahr.,  and  a 
IWf  iMge  proportion  of  this  heat,  to  the  extent  of  at  least  nine-teuths 
■•f  that  generated  by  the  combustion  of  the  fuel,  is  carried  directly  up 
Itte  cliimtKiy* 
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One  pound  of  coal  is  capabkj  if  all  the  heat  of  combufltion  is  util- 
izetl,  of  raising  the  temperature  of  a  room,  twenty  feet  Eiquare  and 
twelve  feet  higlij  to  ten  degrees  above  the  temperature  of  the  outer 
air.  if  the  room  were  not  ventilated  at  all,  and  the  walls  were  com- 
posed of  non-conducting  materials,  the  consumption  of  fuel  to  maintain 
this  temperature  would  be  very  small,  but,  in  proportion  as  the  air 
of  the  room  was  renewed,  so  would  the  consumption  of  fuel  necessary 
to  maintain  that  temperature  increase.  If  the  volume  of  air  contained 
in  the  room  were  changed  every  hour,  one  pound  of  coal  additional 
would  be  required  per  hour  to  heat  the  inflowing  air,  so  that,  to  main- 
tain the  temperature  at  ten  degrees  above  that  of  the  outer  air  during 
twelve  hours,  would  require  twelre  pounds  of  coaL 

The  principle  of  the  ordinary  open  firephice  is  that  the  coal  shall 
be  placed  in  a  grate,  by  wliich  air  is  admitted  from  the  bottom  and 
flidea  to  aid  in  the  combustion  of  coa! ;  and  an  ordinary  fireplace,  for 
a  room  of  twenty  feet  square  and  twelve  feet  high,  will  contain  from 
about  fifteen  to  twenty  jwunds  at  a  time,  and,  if  the  fire  be  kept  up 
for  twelve  hours,  probably  the  consumption  will  be  about  one  hundred 
pounds^  or  the  consumption  may  be  assumed  at  about  eight  poundi^^ 
of  coal  an  hour.  ^  ^H 

One  pound  of  coal  may  be  assumed  to  require,  for  its  perfect  com- 
bustion, 150  cubic  feet  of  atmospheric  air;  8  lbs.  would  require  1,200 
cubic  feet;  but,  at  a  very  low  computation  of  the  velocity  of  the  gases 
in  an  ordinary  ebimney-flue,  the  air  which  would  paps  up  the  chinmey 
at  a  rate  of  fi-om  4  to  6  feet  per  second,  or  from  14,000  to  20,000  cubic 
feet  per  hour,  with  the  chimneys  in  ordinary  use,  and  I  have  often 
found  a  velocity  of  from  10  to  12  feet  per  second  giving  an  outflow  of 
air  of  from  35,000  to  40,000  cubic  feet  per  hour — this  air  comes  into 
the  room  cold,  and  when  it  is  beginning  to  be  warmed  it  is  drawn 
away  up  the  chimney,  and  its  place  filled  by  fresh  cold  air.  A  room 
20  feet  square  and  12  feet  high  contains  4,800  cubic  feet  of  space.  In 
such  a  room,  with  a  good  fire,  the  air  would  be  removed  four  or  five 
times  an  hour  with  a  moderate  draught  in  the  chimney,  and  six  or 
eight  times  with  a  blazing  fire;  the  air  so  removed  would  be  replaced 
by  cold  air.  The  atmosphere  of  the  room  is  thus  being  cooled  down 
rapidly  by  the  continued  influx  of  cold  air  to  supply  the  place  of  the 
warmer  air  drawn  up  the  chimney.  Tlie  very  means  adopted  to  heat 
the  room  produces  draughts,  because  the  stronger  the  direct  radiation^ 
or  rather  the  brighter  the  flame  in  open  fireplaces,  the  stronger  must 
be  the  driiugljt  of  the  fire  and  the  abstraction  of  heat.  The  only  way 
to  prevent  draughts  is  to  adopt  means  for  providing  fresh  wanned  air 
to  supply  the  place  of  that  removed. 

The  most  natural  way  of  providing  warmed  air  is  to  utilize  the  ex- 
cess of  Ijeat  which  passes  up  the  chimney,  beyond  what  is  required  for 
creating  an  adequate  draught,  and  to  use  this  heat  to  warm  fresh  air| 
and  the  wanned  air  should  be  admitted  into  the  room  in  such  plukj 
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M%  will  enable  it  to  flow  most  easily  into  tbe  carreats  prevailing  in  the 
xoonu  These  coneiderations  led  to  the  constmelioo  of  the  ventilating 
^replace,  which  haa  been  bo  extensively  used  in  barracks.  Thie  fireplace 
^will  keep  a  room  at  a  given  temperature  with  one-third  of  the  qnantity 
of  fuel  usually  required  in  most  ordinary  fireplaceB,  and  with  less  than 
^>ae>half  the  quantity  required  in  the  very  best-constructed  radiating 
:^replaceft. 

The  open  ventilating  fireplace,  if  properly  const  met  ed,  is  the  sim- 
plest and  most  effectual  means  of  warming  and  ventilating  a  siDgle 
:7x>om,  because  it  absorbs  all  spare  lieat  from  tlie  chimney  beyond  what 
is  necessary  to  create  a  draught;  and,  while  it  admits  warmed  air  into 
-«he  upper  part  of  the  room  in  an  imperceptible  cnrrent,  the  action  of 
-•he  fire  draws  air  from  the  lower  part  of  the  room,  and  thus  provides 
-^or  a  circulation  of  the  warmed  air  toward  the  floor  of  the  room. 

The  ventilating  fireplaces  invented  by  me,  and  now  called  by  my 
:9Uiiie,  but  which  have  never  been  the  subject  of  a  patent,  were  a  con- 
^equflCDCe  of  the  efforts  made  by  the  late  Lord  Herbert  and  Miss  Night- 
engale to  improve  the  health  of  the  army*     The  death-rate  of  the  sol- 
<5ier»,  when  this  question  was  taken  up,  was  found  to  be  larger  than 
-tJitt  of  many  unhealthy  civil  populations*     Soldiers  are,  however,  a 
^%>ody  of  men  picked  out  as  the  healthiest  members  of  the  nation;  they 
should,  therefore,  have  ha<l  an  exceptionally  low  death-rate  in  peace- 
time.   A  main  element  in  the  improvement  of  their  health  lay  in  im- 
proviag  the  ventilation  of  their  barrack-rooms.     But  soldiers,  when- 
^er  they  became  aware  of  the  existence  of  any  fresh-air  currents,  io- 
*i»ltd  on  closing  the  inlets*     It  was  ako  made  a  sine  qua  non  by  the 
^veniment  that  the  barrack-rooms  should  he  warmed  by  open  fire- 
phoeij  and,  moreover,  the  Govertiment  required  that  the  increased 
to^ount  of  ventilation  declared  to  be  necessary  on  medicul  grounds 
•*M)uld  be  pro^^ded  without  any  increase  in  the  amount  of  fuel  allowed. 
I       %  the  adoption  of  these  fireplaces,  and  by  the  introduction  of  simple 
^^  improved  arrangements  for  cooking  the  soldiers'  food,  the  Govern- 
tnentwere  enabled  to  effect  a  saving  on  the  fuel  supplied,  instead  of 
wiing  obliged  to  incur  a  large  increased  expenditure  on  account  of  the 
■'^toional  ventilation  introduced  into  the  barrack-rooms.     The  manu^ 
"cturer  of  these  fireplaces  informs  me  that  he  has  supplied  between 
^lOOOsrnd  10,000  to  the  military  departments  up  to  this  time. 

The  principle  of  warming  by  means  of  an  open  fireplace,  or  by 

■"^fiaoi  of  a  German  stove  or  a  Gill  stove,  is  applicable  to  single  rooms, 

^it  is  to  say,  each  room  must  have  its  own  appliance,  and  each  room 

njiy  ^jg  self-contained  as  far  as  regards  its  heating  and  ventilation. 

I  The  close  stoves  employed  in  Germany  use  less  fuel  in  warming 

L     the  rwm  than  any  open  fireplace,  but  they  are  economical  because  the 

H     wit  generated  is  not  removed  by  the  frequent  renewal  of  the  air* 

1^     TVn  element  of  their  efficiency  in  warming,  however,  makes  them 

^^t  ftnliealthy. 


* 
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The  most  recent  improvemeDta  in  the  use  of  the  German  i 
warming  have  been  introduced  by  Dr.  Bdhm,  in  the  Rudolf  iiospiii 
at  Vienna,  He  there  warms  fresh  air  by  means  of  passages  eon- 
structed  in  the  fire-clay  stoves,  placed  in  the  ward,  and  the  fresli 
warmed  air  passes  into  the  ward  from  the  top  of  the  stove.  He  pro- 
vides flues  of  a  large  size,  and  proportioned  to  the  size  of  the  ward, 
from  the  level  of  the  ward  floor  to  above  the  roof,  and  the  diflerence 
of  temperature  between  the  air  in  the  ward  and  the  outer  air  causes  a 
suflicient  current  in  these  flues  to  ventilate  adequately  the  ward.  By 
this  means  the  freeh  warmed  air,  instead  of  passing  off*  to  the  upper 
part  9f  the  ward  and  then  away  by  flues  there,  is  made  to  cdroolate 
toward  the  floor  of  the  ward,  thus  bringing  into  action  the  principle 
by  which  the  open  fireplace  is  useful  in  ventilation.  But  this  arrange- 
ment destroys  one  element  of  economy  in  the  German  stove,  because 
the  heat  generated,  instead  of  being  left  to  pass  slowly  off*  into  an  tm- 
Tentilated  room,  is  removed  rapidly  by  the  fresh  air  passed  into  the 
ward,  and  has,  therefore,  to  be  renewed  at  iutervals,  instead  of,  ao* 
cording  to  usual  custom,  the  stove  being  left  shut  up  for  twenty-four 
hours  to  give  off  its  heat  slowly.  The  larger  the  supply  of  warmed 
air,  the  larger  must  be  the  consumption  of  fuel  \  and,  if  the  heat  is  to 
be  supplied  economically,  it  must  be  through  a  good  conducting  me- 
dium; but  the  material  of  the  German  stove  is  a  bad  conductor  of 
heat  ^ 

The  old  Roman  system  of  warming  by  means  of  a  fire  under  tiiij 
floor  produced  a  most  agreeable  and  equable  temperature,  but  it  did 
not  assist  the  ventilation,  and  it  was  not  economical,  in  that  the  flo 
being  of  tiles,  was  of  a  bad  conducting  material,  and  much  of  the  he 
was  absorbed  in  the  ground  or  surrounding  flues.   According  to  Plin 
the  smoke  was  carried  to  the  wood-house  to  be  used  in  drying 
wood  for  burning,     1  recently  made  an  experiment  to  compare 
effect  of  warming  by  means  of  a  heated  floor  with  the  heating  efi 
of  a  ventilating  fireplace;  the  experiment  lasted,  with  each  mode 
warming,  for  two  days.     It  showed  that,  in  the  case  of  the  wannfl 
floors,  the  room  was  maintained  at  a  temperature  of  about  18°  at 
the  temperature  of  the  outer  air  with  an  expenditure  of  56  lbs.  of 
and  113  lbs.  of  coke,  while  with  the  ventihiting  fireplace  the  expend 
ture  was  only  75  lbs.  of  coal ;  the  cost  being  3«.  Ad,  for  the  war 
floor  as  compared  with  \s,  id.  for  the  ventilating  fireplace. 

A  more  complete  plan  of  warming  a  building  is  by  means  of  a  i 
from  which  the  heat  is  conveyed,  either  by  hot-water  pipes  or  hot  t 
to  the  various  parts  of  the  building. 

Warming  by  means  of  air  conveyed  by  flues  to  various  parts  < 
the  building,  will  answer,  as  a  rule,  in  ordinary  existing  houses,  best! 
connection  witli  open  fireplaces,  which  draw  in  the  warmed  air  to 
various  rooms,  because  there  must  be  some  means  of  forcing  or  drsrt 
ing  the  warmed  air  into  the  house,  and  it  would  not  be  convenient 
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^Beep  a  steam  engine  in  an  ordinziry  bouse  to  pnmp  in  the  warmed  air. 

^Tkeie  open  firoplacea  would  then,  howevcrj  be  wasting  the  spare  heat 

which  oacb  fireplace  eends  up  its  own  chimney ;  but,  on  the  other 

Krl,  very  much  smaller  fires  would  be  needed,  to  keep  the  rooms 
81,  than  when  the  rooms  are  not  supplied  with  fresh  warmed  air, 
iftetically,  however,  it  can  be  shown  that  if  we  are  prepared  to 
giTe  up  op^n  fireplaces,  and  arrange  our  houses  on  the  plan  of  having 
ilttea  which  would  draw  off  the  air  from  near  the  floors  of  our  rooms, 
aod  which  would  also  warm  fresh  aii\  heated  from  a  central  fire,  to  be 
coQilaatly  admitted  near  the  ceilings,  and  if  the  climate  were  such  as 
to  make  us  desire  to  have  the  system  in  continuous  operation,  such  a 
Ijatem  would  probably  be  by  far  more  economical  of  fuel  than  open 
ibeplaeea,  because  the  fuel  used  could  then  be  made  to  do  its  full  duty. 
Thdvamtions  of  our  climate  and  the  low  price  of  fuel,  which  have 
Utherto  prevailed,  have  prevented  such  systematic  arrangements  from 
bdng  adopted  in  this  country. 

The  plan  of  carrying  the  heat  from  the  fire  to  the  air  to  be  warmed 
\  of  hot-water  pipes  a  fiords  also  a  very  economical  method  of 
air^  because  the  best-constructed  hot-water  apparatus  will 
flOible  the  full  heating  value  to  be  got  out  of  the  fueh  Fuel  may  be 
•oaiapied  to  far  greater  advantage  in  a  close  furnace  than  in  any  open 
gEftt^  hecaode  the  admission  of  air  for  the  combustion  of  the  fuel  can 
be  regulated  to  any  required  extent.  The  heating  surface  of  the  boiler 
Buij  also  be  so  arranged  as  to  absorb  a  very  large  proportion  of  the 
keU  gcoerated  by  tlje  fire. 

in  deciding  on  the  amount  of  heat  in  hot-water  pipes  which  is 

'favorable  to  economy,  the  following  considerations  occur:  At 

twice  the  quantity  of  air  which  is  strictly  necessary  by  theory 

through  the  fire  in  the  best-constructed  furnaces.     In  an  ordi- 

^raie  this  consumption  is  enormously  increased.     Each  part  of 

iopplied  by  the  air  and  necessary  for  combustion  is  accom- 

by  four  parts  of  nitrogen,  which  is  of  no  value  for  combustion. 

|o«iitty,  if  twice  as  much  oxygen  passes  through  the  fire  as  is 

iieoewary,  we  have  gne  part  which  combines  with  carbon  and 

oombustion,  and  nine  parts  which,  being  inert,  must  act,  in 

fint  place,  to  lower  the  temperature  of  the  fire,  and,  secondly,  to 

'  a  Ui^^r  amount  of  unutilized  heat  up  the  chimney.     Moreover, 

1  wat4rr  is  heated  sufliciently  to  generate  steam,  each  particle  of 

r  eoBverted  into  steam  abeorbs  or  makes  latent  960^  Fuhr.  of  tem- 

imuue.     In  experiments  on  the  evaporation  of  water,  the  tcmpera- 

twvof  iha  gases  passing  ofi*  in  the  chimney  was  ascertained  to  vary 

I  i^0*'  te  530%  diminishing  to  415^  at  the  top  of  a  flue  35  feet  high, 

\  Qm  dampers  open  ;  and  about  380"^  at  the  bottom  of  the  flue  with 

dampers  cloaed.    With  a  boiler  of  which  the  temperature  of  the 

Si  maintained  at  200'^  without  evaporation,  the  temperature  of 

Mod  oat  Gjtceed  from  230""  to  240"". 
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It  is  clear  from  these  considerations,  that,  in  order  to  insure  the 
maximum  effect  from  the  fuel,  the  heating  surface  of  the  pipes  should 
be  sufficiently  large  to  warm  all  the  air  required  without  its  being 
necessary  to  raise  the  temperature  of  the  water  in  the  boiler  to  any 
great  extent,  and  the  proportion  between  the  boilei>sarfaee  and  the 
pipe-surface,  that  is  to  say,  between  the  surface  which  absorbs  heat, 
and  the  surface  which  gives  out  heat,  should  be  such  as  to  render  it 
unnecessary  for  the  fire  to  be  forced,  because,  the  lower  the  tempera- 
ture at  which  the  gases  from  the  fire  pass  off  up  the  chimney,  the 
greater  will  be  the  economy. 

In  order  to  show  the  waste  which  results  from  forcing  the  boiler, 
L  e.,  from  passing  the  gases  into  the  flue  at  a  high  as  compared  with  a 
low  temperature,  I  will  give  an  instance  of  one  experiment.  The  pro- 
portion of  heating  surface  in  the  boiler  to  the  heating  surface  of  the 
pipes  is  assumed  by  some  manufacturers  as  1  to  100,  or,  when  great 
heat  is  required,  1  to  40.  An  experiment  made  on  4,000  feet  of  pipe, 
heating  certain  greenhouses  by  a  wagon-shaped  boiler  with  40  square 
feet  of  heating  surface,  showed  that  a  certain  temperature  was  kept  up 
for  8  hours  with  8  bushels  of  coal ;  but  when,  by  the  addition  of  an- 
other boiler,  the  heating  surface  of  the  boiler  was  increased  to  80  square 
feet,  the  temperature  could  be  maintained  for  the  same  period  with  4 
bushels  of  coal.   The  outer  temperature  was  the  same  on  the  two  days. 

On  these  grounds  it  is  not  so  economical,  so  far  as  the  consumption 
of  fuel  is  concerned,  to  use  steam  instead  of  water,  either  water  heated 
to  a  liigh  temperature  under  pressure,  or  to  heat  air  for  warming  pur- 
poses, because  tlie  gases  from  the  fire  employed  to  produce  the  higher 
degree  of  heat  will  pass  off  at  a  high  temperature,  and  the  heat  they 
contain  be  wasted.     On  the  other  hand,  the  capital  outlay  required, 
where  highly-lieated  pipes  are  used,  is  smaller  than  with  hot-water 
pipes,  because  a  smaller  heating  surface,  and  therefore  smaller  pipes, 
will  suffice  when  the  temperature  is  high ;  and,  moreover,  a  very  small 
pipe  will  convey  steam  to  any  required  place,  whereas  with  hot  water, 
at  a  relatively  low  temperature,  much  larger  pipes  are  required.    It 
follows  that  where  the  price  of  fuel  makes  it  necessary  to  reduce  the 
permanent  annual  expenditure,  the  original  capital  outlay  must  be  in- 
creased.    There  is  a  further  consideration  in  regard  to  economy  with 
hot-water  pipes,  steam-heating,  and  all  appliances  for  warming  buildingi 
from  a  central  fire,  viz.,  that  if  the  heat  has  to  be  conveyed  for  long 
distances  before  its  useful  application  comes  into  force,  very  much  hett 
is  lost,  and  consequently  fuel  is  wasted.     On  the  other  hand,  against 
the  saving  which  would  result  from  a  more  immediate  application  of 
the  heat  to  the  place  to  be  warmed,  there  is  to  be  weighed  the  dimin- 
ished expense  of  attendance  consequent  upon  the  use  of  one  fire  instead 
of  several  fires,  each  with  its  attendance  and  supply  of  fuel    Theit 
remains  one  source  of  economy  to  be  applied  to  close  grates  used  te 
heating  water,  which  has  not  yet  been  adopted.    I  mean  the  appUflt* 
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tion  of  some  of  the  heat  which  ib  passing  into  the  chimney  to  warm 
'  air  which  feeds  the  tire-     Theorelical  considerations  show  that  an 
i vantage  of  from  six  to  nine  per  cent,  might  be  obtained  from  this 
and  the  experiments  which  I  have  made  hear  out  this  resutt. 
But,  after  we  have  designed  the  most  effective  arrangements  for 

^«onomizing  the  fuel  which  warms  our  dwellings,  if  that  object  is  to 
he  fully  secured,  w^  must  arrange  to  retain  the  heat  in  our  houses. 
The  ar<^hitect  should  devote  to  these  coosideratioiis  the  same  care 
which  he  now  is  fireqnently  satisfied  with  bestowing  upon  the  beauty 
of  the  design  for  a  building*  The  arrangements  of  the  plan  should  be 
iclapted  to  the  retention  of  heat.  All  portions  of  houses  exposed  to 
the  lir  should  be  formed  of  materials  which  are  found  to  be  the  slow- 
est conductors  of  heat.  Whatever  may  have  been  the  mistakes  of  the 
manufacturers  of  fire-grates  or  kitchen-ranges,  the  nation  Las  latterly 
very  much  disregarded  the  means  of  retaining  heut  in  the  house.     The 

I  uniform  model  house  of  the  speculating  builder  is  constrijcted  with 
thin  walls,  thin  glass  windows,  ill-fitting  caseraeuts,  and  a  roof  of  slates, 
wh  nothing  under  them.  The  old  half-timbered  house  was  warm, 
WatiBe  it  had  an  air  space  between  the  inner  and  outer  skin ;  the 
Wck-built,  stone-faced  house  is  warm  because  it  has,  so  to  say,  a  double 
▼all.  In  modern  houses  it  has  long  been  shown  that,  without  much 
mcroased  expense,  the  use  of  walls  built  hollow  will  keep  the  rooms 
tfotiially  warm  and  dry,  and  yet  this  mode  of  building  is  the  exeep- 
tooa  rather  than  the  rule,  possibly  because  it  gives  the  arcliitect  or  the 
Wder  a  little  additional  trouble.  A  slated  roof^  if  ill-constructed,  is 
erial  agent  in  allowing  of  the  escape  of  heat,  because  there  is 
mly  an  inlet  for  air  where  the  slates  overlap.  The  old  thatched 
'^i  although  most  dangerous  in  cases  of  flre,  was  a  great  preserver 

|<^hent.  In  well-bnilt  raodt-m  houses  the  slates  are  laid  on  felt,  which 
^  Wlon  close  boarding,  and  this  arrangement  keeps  the  house  warm 
^  '^mi^t  and  cool  in  summer.  Aa  regards  the  wmdows,  glass  ranks 
Kgh  as  a  non-conductor  of  heat,  and  the  effect  of  using  thick  glass,  in- 
•tead  of  the  very  thin  glass  so  often  seen,  is  very  largely  to  economize 
^^  heat.    Evidence  of  ihe  cooling  effect  on  the  air  of  a  room  of  a  win- 

t^'^vof  thin  glass  isafforried  by  the  cold  draught  whitih  any  one  per* 
®«5iirefl  when  sitting  on  a  cold  day  near  a  closed  window  of  thin  glass, 
^'^posais  have  been  often  made  to  glaze  a  window  with  double  pimes, 
*o^  DO  doubt  such  a  plan  is  a  good  means  of  retaining  heat  in  the  room, 
■^^^tthe  inside  of  the  glass  between  the  panes  will  in  time  become  dirty, 
'^  then  it  can  only  be  cleansed  by  removing  one  of  the  panes.  A 
^ns  convenient,  but  more  expensive,  plan  is  to  adopt  the  system, 
'^k  prevails  universally  in  the  northern  parts  of  Europe,  of  a  double 
••iement. 

It  is  not,  however,  my  object  here  to  give  a  treatise  on  building, 
^■Ine  conclusion  which  I  would  draw  from  these  various  considerations 
^Bp**  ihat,  if  we  desire  to  economize  to  the  utmost  the  daily  expenditure 
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of  fuel,  we  muBt  increase  our  outlay  of  capital.  So  long  as  coal  was 
cheap,  it  may  have  been  better  worth  the  while  of  the  individual  con- 
sumer to  employ  coal  wastefully  rather  than  spend  money  upon  the 
arrangements  for  economizing  heat.  On  the  other  hand,  when  coal  is 
dear,  the  daily  expense  from  the  waste  of  fuel  will  induce  a  capital 
outlay  to  secure  economy  of  heat.— ^Jbumo/  oftht  Society  of  Arts. 
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L  Nature  of  tfie  Drift. 

IN  the  March  number  of  this  journal,  Mr.  Elias  Lewis  calls  atten- 
tion to  the  occurrence  of  bowlder-like  masses  of  clay  in  strati- 
fied  gravel,  at  Brooklyn,  N.  Y.    In  the  progress  of  the  geological  soT' 
vey  of  Ohio,  similar  masses  of  gravelly  clay  were  met  with  in  the 
northwestern  portion  of  the  State,  lying  in  the  stratified  gravel  and 
sand  that  constitute  the  long  ridges  which  have  often  been  pronounced 
^*  lake-beaches.^'      These  occurrences,  and  a  great  many  others  thai 
militate  against  the  popular  theory  that  those  ridges  are  attributable 
to  the  action  of  the  waters  of  Lake  Erie,  and  the  stratification  of  the 
drift  generally  over  tho  "interior  continental  basin  "  to  the  action  of 
a  wide-spread  lake,  or  of  the  ocean,  made  it  necessary  to  reinvestigate 
the  drift-deposits  thoroughly,  for  the  purpose  of  deducing  from  the  . 
drift  itself  such  a  theory  of  its  origin  as  would  stand  the  application  of 
all  the  facts.     Such  reexamination  has  resulted,  in  the  opinion  of  the 
writer,  in  the  confirmation  of  the  glacier  theo'ry  of  Pro£  L.  Agassiz,  and 
the  consequent  abandonment  of  the  iceberg  theory  of  Peter  Dobson.    It 
has  also  shown  the  baselessness  of  the  assumption  of  some  who  would 
extend  the  Champlain  epoch  of  Prof.  J.  D.  Dana,  so  as  to  bring  on, 
after  the  period  of  the  glacier,  a  submergence  of  the  continent  beneath 
the  ocean.     It  is  proposed  to  review,  in  a  non-technical  way,  the  phe- 
nomena of  the  drift  of  the  Northwest,  and  to  ofier  a  few  thoughts  on 
the  glacier  theory^  and  its  application  to  the  explanation  of  those  phe- 
nomena. 

In  general,  the  term  drift  applies  to  whatever  lies  on  the  soifiMse 
of  the  rocky  framework  unconsolidated,  whatever  be  its  origin  or 
lithological  character.  Glacial  drift  is  that  which  has  been  transpoit*  I 
ed  by  the  agency  of  ice,  or  by  ice  and  water,  from  regions  farther  j 
north,  and  spread  over  the  surface  of  the  country.  It  may  embrace,  j 
bowlders,  gravel,  and  clay.  These  substances  may  be  arranged  k,  J 
stratification,  and  nicely  assorted,  or  they  may  be  confusedly  mixed.  | 
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When  stratified  and  assorted,  thej  Uave  sometimeB  been  denominated 

modified  drift;  when  not  assort erl,  unmodijied drift.     But  those  terms 

require  considerable  caution  in  their  use,  since  they  have  been  difier- 

cnUy  applied  hj  different  writers,  depending  eomewhat  on  the  Bup- 

poaed  cause  of  the  aasoitment  witnessed  in  modified  drifts  and  since 

tbe  assorted  and  non-assorted  porticos  of  the  drift  are  not  uniform, 

either  in  their  positions  in  the  great  mass  of  the  deposit,  or  in  the  cbar- 

icters  they  generally  possess. 

The  character  and  nature  of  the  drift  in  the  Korthwest  are  very 
hrgely  misapprehended.  This  is  true,  not  only  among  those  who 
might  not  strictly  be  regarded  as  geologists — such  as  survey  ore,  engi- 
leerSj  lecturers,  and  public  literati — ►but  even  among  those  who  have 
given  coasiderablo  attention  to  the  study  of  fossils  and  rocks,  Theeo 
misapprehensions,  so  generally  spread  among  the  people,  are  largely 
*lue  to  the  industry  of  the  authors  of  certain  theories  concerning  its 
origio,  in  spreading  their  views  before  tbe  public,  A  plausible  theory, 
moreover,  has  a  great  iufluence  in  its  own  ft^vor. 

A  pretty  careful  study  of  the  drift  in  this  State/  and  in  others  era- 
Ijnced  in  what  may  be  called  the  continental  basin^  east  of  the  Missis- 
sippi, has  shown  it  to  consist,  in  general,  of  the  following  parts,  in  de* 
seeiiding  order ; 

No,  L  Surface  #S'o//*— This,  of  course,  presents  all  the  varieties  due 
to  local  influences.  Over  large  portions  of  the  Northwest  it  is  a  fertile 
Mwk  loam,  highly  arenaceous,  and  supplied  with  a  considerable  propor* 
tion  of  carbon  in  a  state  of  minute  subdivision.  This  arenaceous  loam 
pM»es  iato  a  more  gravelly  loam  on  the  brows  of  knolls  and  in  rolling 
tat  It  19  also  sometimes  replaced  by  a  gravelly  clay.  This  is  the 
ta*e  in  large  portions  of  the  State  of  Michigan,  and  in  Central  and 
Soaihem  Ohio,     This  is  the  fact  in  Northern  Indiana  and  in  Central 

IMianesota,     The  gravel  prevails  in  wooded  and  rolling  districts.     In 
treeless  districts  the  sandy  element  is  more  common,  making  a  black 
loanL    In  valleys  and  along  streams  the  soil  is  alluvial.     It  is  invari- 
•Wjfine,  nearly  free  from  stones  and  bowlders,  and  very  fertile.     It  is 
what  is  popularly  known  as  *Vmiide  land,"  and  coraprises  those  parts 
of  the  drift  of  the  highlands  that  are  susceptible  of  transportation  by 
funning  water.      That  which  is  known  as  the  **  bluff-formation,"  lining 
tbe  Hisaissippi,  both  in  Minnesota  and  in  the  States  farther  south,  con- 
stiti  of  alluvium,  washed  into  the  great  valley  by  innumerable  streams 
from  the  adjoining  country,  at  a  time  when  the  volume  of  the  river 
WSA  imoiensely  greater  than  now.     Tlie  same  materials  are  now  spread 
arer  the  farms  of  Southern  Minuesota,  over  much  of  Iowa  and  Illinois, 
aver  Korthem  Missouri  and  all  the  Far  West,  to  the  Rocky  Mountains* 
Is  lies  there  also  in  the  form  of  fine  sand,  and  constitutes  the  loam 
alx«^y  described.     Its  thickness  at  points  remote  from  the  river  ia 
dependent  on  the  facilities  for  natural  drainage  and  wasbi     It  may  be 

>  Minnesota. 
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rix  inches,  or  it  may  be  six  feet.  Along  the  bank&  of  the  Mississippi 
it  present Sy  not  infrequently,  perpendicular  sections  of  six  hundred 
feet  Its  firmness  ip  maintaiuing  its  position  in  &ucb  exposed  blufis  b 
due  to  the  infiltration  of  the  cements  of  lime  and  iron  while  in  the 
process  of  deposilion,  or  subsequently.  It  is  more  largely  dcreloped 
along  the  Misfioiiri  than  along  tlie  Mississippi,  There  are  other  placet 
where  the  surface-soil  may  be  peaty,  from  the  preservation  of  dead 
Tegetation*  Extensive  level  tracts^  that  are  submerged  a  large  part 
of  the  year,  may  present  a  peaty  soil  Very  often  also  in  such  peaty 
places  there  will  be  f^und  patches  of  highly-calcareous  soil,  resulting 
from  the  accumulation  of  fresh-water  shells,  or  from  the  precipitation 
of  tlje  carbonate  of  lime  from  waters  that  enter  the  marsh  from  lime- 
stone districts. 

But,  whatever  the  character  of  the  surface-soil,  it  must  be  borne  in 
mind  that  it  is  accidental.,  and  is  always  tiuperinduced  by  causes  tbat 
have  operated  since  the  advent  of  the  drift.  Its  influence  is  strietlj 
superficial,  rarely  exceeding  three  feet  below  the  natural  surface, 

No,  2* — We  coma  now  to  consider  that  which  lies  below  the  sur- 
face-soil. If  we  omit  from  this  enumeration  the  *' bluff-formation,^' and 
the  alluvimn  of  other  streams  which  sometimes  Las  a  considerable 
thickness,  we  sbal!  have  two  different  substances,  equally  pertainiug  ta 
the  drift,  and  occnpying  the  same  relative  position  in  different  locaii> 
ties,  that  claim  notice : 

1,  A  da^  subsoil. 

2.  A  gravel  or  sand  sub  soil. 
Now,  although  tliese  are  mentioned  as  appearing  first  beneath 

surface-soil,  it  must  not  be  un<lerstood  that  they  appear  there  invaii* 
ably,  nor  even  usually.    It  is  probably  true  that  throughout  the  t 
portion  of  the  Northwest  they  are  entirely  w^anting,  and  that  \ 
of  the  drill  prevails  which  will  next  be  considered.     The; 
tioned  here  because  they  constitute  an  essential  part  of  tht_  ... . 
must  not  be  overlooked  in  giving  its  character  and  composition 

By  the  first,  here  denominated  a  clay  subsoil,  is  not  me-ant  a  gt>f^  ^ 
elly  clay,  or  one  in  which  stones  are  present.     It  is,  rather,  a  clo>«jp^ 
plastic,  fine  clay,  with  little  observable  sand.    It  is  imperv' 
water,  and  is  benefited  by  artificial  drainage.     It  pre%^ails  in  muiii 
Southwestern  Michigan  and  Northwestern!  Ohio,     It  occupies  a 
tract  in  Northeastern  Illinois  and  Northwestern  Indiana*    It  also  prol 
bly  tmderlies  the  Ked  Kiver  flats  in  Minnesota,  and  perhaps  a  Im  If  of'*  "^ 
land  rudely  conforming  to  the  shore  of  Lake  Superior  at  its  v^ 
extremity.     When  shafts  are  sunk  through  this  clay  subsoil,  -; m  :    :- 
reveal  its  composition  and  arrangement,  it  is  seen  to  be  liiifni-  'vAs     ^ 
laminated  horizontally.     The  individual  layers  are  separated  by      •>     \ 
ner  layers  of  fine  sand.     Those  of  clay  are  usnally  about  two  incli«M 
thickness,  but  may  be  no  raori'  than  one-eighth  of  an  inch ;  the 
of  sand  are  rarely  more  than  half  an  inch  in  thickness,  and  are 
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be  Idas  thaa  an  eigbtli.  The  aggregate  thickness  of  these  alternatiug 
liyers  of  clay  and  sand  is  sometimes  a  hundred  feet  or  more.  Let  it 
'bft  noticed  that  these  areas  of  olay  Bubsoii  are  thotie  in  wJiich  there  is  a 
gKiUe  descent,  and  drainage  to  the  north  or  northeast  into  some  one 
lithe  great  interior  lakes  of  fresh  water.  The  relation  this  fact  bears 
l6ihe  origin  of  this  ciai/  gubsoil  will  be  considered  farther  on. 

The  graml  or  Band  subsoil  is  that  which  is  found  in  some  tracts  of 

loUiag  land  where  the  drift  is  heavy,  and  at  points  more  remote  from 

the  Yaileys  of  northward  drainage,  or  in  the  upper  portions  of  those 

Talley^.     As  a  general  rule,  when  present,  it  will  be  found  on  a  higher 

kTel  than  that  in  which  the  subsoil  is  clay.     It  pertains  to  the  interior 

ooantry  like  the  central  part  of  the  Bout  hern  peninsula  of  Michigan,  the 

oeatfal  and  southern  portions  of  Ohio,  Indiana,  and  IlllnoiB,  and  some 

full  of  Central  and  Northern  Minnesota,    The  area  and  location  of  this 

lund  of  subsoil  are  more  itTegukr  and  more  uncertain  than  the  areas  of 

dijsitbaoiL     Such  gravel  and  sand  deposits  often  lie  in  belts  traceable 

fcr  i  great  many  miles,  especially  where  the  general  surface  is  smooth, 

and  the  miderlying  rock  of  uniform  hardness,  the  country  adjoining  be- 

iog,  on  either  side  of  the  belt,  one  of  a  clay  subsoil,  or  one  formed  by 

Ho.  3.    Such  belts  are  soraetimes  three  or  four  rods  wide,  or  they  may 

aach  wider,  and  are  rolling  and  slightly  raised  above  the  adjoining 

ly  land.     Sometimes,  instead  of  lying  in  belts,  such  rolling,  gravelly 

1(1  i»  spread  out  over  areas  of  no  definite  shape  or  limit.     The  sand 

gmvel  constituting  the  subsoil  in  these  rolling  tracts  is,  like  the 

^j  of  the  clay  subsoil,  stratified  and  assorted.     But  the  layers  here 

•w  rarely  horizontal.     They  show  the  most  various  alternation  and 

eUfige  of  dip,     Ko  two  sections  could  be  taken  that  would  give  the 

■iDe  ittcceasion  of  parts.     The  sand  sometimes  lies  in  heavy  deposits 

Ifteen  or  twenty  feet  thick,  with  lines  of  deposition  running  in  curving 

•84  vanishing  layers  in  all  directions.     Sadden  transitions  occur  from 

to  gravel,  or  from  gravel  to  bowlders.     Sometimes,  also,  bowlders 

^  found  embedded  io  the  gravel ;  again,  nests  of  bowlders  are  seen 

ited  from  the  rest,  and  packed  closely  by  themselves*     There  is 

*lao  very  often  a  mingling  of  gravel  and  sand,  with  no  clay,  without 

Ratification,  as  if  the  two  had  been  dumped  together,  after  having 

biNi  firtt  thoroughly  washed  and  assorted.     Occasionally,  also,  in  this 

ftntified  gravel  and  sand,  may  be  seen  irregular  masses  of  gravelly 

jhif  or  hard-pan,  comparable  to  those  mentioned  by  Mr.  Lewis  at 

yiL     Such  gravelly  clay  sometimes  embraces  stones  of  consid* 

hie  aiza.    Near  the  bottom  of  this  stratified  gravel  and  sand  there 

alio,  often,  upward  protrusions  of  the  underlying  member  of  the 

t  (Ko,  3),  somewhat  wedge-shaped  or  ol»!iqtie,  so  as  to  embrace  on 

lower  side  a  portion  of  the  gtratilied  gravel  and  sand.     Again,  the 

Hoe  of  jonetion  between  the  gravel  and  sand,  and  tiie  hard-pan  of  No. 

i,  may  be  marked  by  an  unusual  accumulation  of  coarse  drift  materi- 

socb  IB  stones  and  bowlders.    These  may  be  mostly  eunromided  by 
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the  gravel  and  sand  of  No.  2,  or  they  may  be  mostly  embedded  in 
Ko*  8.  The  tliickness  of  No,  2  is  exceedingly  variable.  It  is  usually 
less  than  forty  feet  in  level  tracts,  but  it  may  be  more  than  a  hundred, 
depending  on  the  duration  of  the  cause  that  brought  it  there,  and  its 
operation  at  that  point.  It  Bometimes  probably  entirely  replaces  No. 
3  and  No.  4,  and  lies  on  the  rock.  The  bowlders  found  within  it  are 
generally  not  scratched,  bet  sometimes  they  are  scratched,  evidently 
by  glacier-action.  A  great  number  of  glaciated  bowlders  in  this  mem- 
ber of  the  drift  have  been  seen  at  an  excavation  near  the  Falls  of  Sl 
Anthony. 

Tlje  following  diagrams,  Figs.  I  and  2,  will  express  more  fully  tfce 
arrangement  of  the  strata  in  this  member  of  the  drift,  and  give  an  idcsa 
of  the  manner  of  union  with  the  succeeding  member  below.  Fig*  1  is 
sketched  from  Nature,  and  shows  a  section  of  the  lanunated  clay  ei* 
posed  in  a  railroad-cut  near  Toledo,  Ohio : 


Qaonoir  ov  Ttn  Lutnrimai  Clat  (Olat  Srsson.),  Tolkdo,  Obio,  toowcvo  as  Jtryoncni  vna  I 

Haad-i'Ajt  op  tub  Drift. 

a.  HorfUMital  larotDAtloiii  of  flno  cky  and  samL 

&.  CKiHqiie  EftiDlnfltlaiu  af  fine  oUj  and  iond. 

0.  Detaelied  mMv^  of  bsrd<pan  cby,  vnriodAfy  minfled  and  oaltod  wffli  the  kmtoMtd  dif* 

d.  T!i«  uppisr  partioD  of  Uu>  ifreat  h&rd-p«a  iheeL 

Fig.  2  is  also  sketched  from  Nature,  and  represents  the  alt 
tion  of  parts  as  seen  in  No.  2,  and  manner  of  junction  with  No.  Si 
the  Falls  of  St,  Anthony,     No.  2  here  Consists  of  the  fitratificd  grai| 
and  sand  which  constitutes  the  surface  of  the  drift  (immediately  1 
low  the  soil)  in  large  portions  of  the  State  of  31ichigan,  Central  I 
South* Tu  Ohio,  Northern  Indiana,  and  Central  Minnesota.     It 
forms  the  principal  component  of  the  well-known  ridges  in  North* 
ern  Ohio,  popularly  but  erroneously  styled  "lake-beaches."     Tbol 
terials  arc  usually  much  watei^worn,  but,  at  the  Falls  of  St.  Anil 
many  of  the  boivldera  embraced  in  No.  2  are  conspicuously  gU 
marked,  a  circumstaneo  which    plainly  indicates   the  agency 
transported  and  deposited  the  wiiole  mass  in  which  thev  occur. 
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iPo.  3. — ^The  great  deposit  that  follows  No.  2»  whether  it  be  of  day 
•r  of  grayel  ao'd  Band,  is  tliat  designated  in  common  usage  "  Lard- 
Jiii/*    It  constitutes  the  chief  member  of  the  drift  throughout  the 
Korthwest.    It  is  rarely  found  entirely  wanting,  whereas  the  foregoing 
tre  very  often  wanting.     It  seems  to  be  the  parent  member  of  which 
the  former  two  are  oflshoote,  or  modifications.     It  sometimes  has  a 
thickneas  of  more  than  two  hundred  feet,  and  rises  to  the  surface  form- 
ing the  basis  of  the  soil.     It  eonsit^ts  of  a  heterogeneous  mixture  of 
day  and  gravel-stones,  with  bowlders  of  northern  origin.     It  is  nearly 
impervious  to  water,  and  occasionally,  but  rarely,  shows  a  rtide  ar- 

Irmgement  in  alternating  bands,  as  if,  in  a  plastic  state,  it  had  been 
fclded  upon  itself.     Such  arrangement  discloses  no  assortment  of  the 
NirUBAL  BTJEFACB, 
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^^^•^-: 
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•^^?vV 

Sectiok  or  THK  Dmpt  at  the  Faujs  op  St.  Aktbovt. 

o.  **  BlaJMbrmttton,'*  AlltiTlal^  uiutntLfied,  moiUj  nod G-  S  re«t. 

ft.  StniUflMl,  flue  sand fl-«0  do, 

tk  OtstdJ  ftDd  ftoncA.  In  llaokted  pocketa^  imstnttficd. 
<t.  Bowlders  ADd  ^ruTcl,  the  fbnuer  dlf tlactly  glAdated. 

A.  BAod  pan, or-* unmodified'' drift , wtm  10  da 

/.   MftMhrc*,  fine  Hand. 
g.  Bade  amuifremcnt  wltbln  tbe  b&rdipan. 
Il,  0«ndr  ud  Atony,  vrUb  nid6  atrattficktioD, 
C  Hid  wan  view  try  lUdlng  wad. 


lit  that  can  be  likened  to  the  assortment  scon  in  No.  2.     The 

rMcni  embraced  in  this  member  of  the  drift  almost  invariably  show 

iciaied  surfaces.     Although  apt  to  be  more  abundant  near  the  hot* 

of  tlie  deposit^  they  are  not  confined  to  it,  as  is  sometimes  stated, 

hit  occur  throughout  the  whole.     Thin  deposit  of  Imrd-pan  sometimes 

encloses  lenticular  masses  of  assorted  materials.    It  has  even  been  seen 

to  orerlie  a  considerable  thickness  of  fine  stratified  i^and  the  extent  of 

which  could  not  be  ascertained.     In  general,  however,  it  is  one  com- 

pict,  imiform  mass,  varying  slightly  in  the  pro|:iortions  of  its  diflerent 

jNUtB^  from  State  to  State,  accordbg  to  the  readiness  of  supply  of  any 
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Ibm  of  UieoL  For  example,  ia  Ohio  (Northwestern  Ohio)  it  is  very 
dooe  and  clayey,  the  upper  part  being  free  from  bowhlcrs  and  atones. 
In  Minnesota  (Centi*al  Minnesota) >  the  li^tonea  and  bowlders  are  more 
kenerally  disseminated  throughout  the  whole^  and  it  shows  much  more 
■Md,  Hence,  in  the  latter  State  it  will  allow  the  slow  passage  of  water 
BBbfigh  it — a  fact  exceedingly  fortunate  for  tlie  agricultural  capacity 
Kif  the  soils  that  are  based  on  it. 

■  Perhaps  there  should  be  added  to  this  de8€ri|itiou  of  tbe  drifts  an- 
other member,  which  may  be  denominated  No,  4. 

L  -Vb.  4. — This,  however,  is  so  inconstant  and  so  often  runs  into  the 
b^t,  that  it  is  hardly  worthy  of  special  designatiou,  lY^^^^  present, 
Bit  lies  below  No,  3,  and  immediately  over  the  rock.  It  consists  of 
l^rel  and  bowlders,  more  or  less  mingled  with  clay.  It  is  the  great 
Lin^er^reserroir  that  supplies  deep  wells,  and  through  it  there  is  a  con- 
^^■ft  ilow  drainage  iuto  deep  valleys  and  excavations.  It  gives  rise 
M^RiniigB  at  the  base  of  the  river-blufis,  and  to  aitesian  wells,  when 
I  the  confining  stratum  of  hard-pau  above  is  penetrated  iu  regions  of 

■  ilTQfable  ftlope.     In  Northwestern  Ohio  is  a  most  Tvoodcrful  series  of 

■  ttioiian  wdU  that  depend  entirely  upon  this  fortunate  combination 
laretrciimstances.    This  member  of  the  diift  sometimes  consists  largely 

■  tftflSOfted  materials,  as  sand  and  gr;iveh  This  Is  indicated  by  the 
pMang'  of  considerable  quantities  of  such  sand  fi*om  artesian  wells 
P  tW  penetrate  it,  when  the  force  of  the  current  of  water  is  sufficient 
I  to  bring  it  to  the  surface.     Instances  have  occurred  of  the  collapse  of 

Ult  avcrlying  clay  and  hard-pan,  on  the  removal  iu  this  way  of  large 
ipsstitiea  of  eand.  Alojig  the  upper  side  of  this  member,  the  mate- 
uaif  are  apt  to  be  firmly  cemented  by  iron  and  carbonate  of  lime,  into 
B  very  firm,  even  rocky  crust.  Snch  cemented  gravel  and  sand  is  sel- 
Bomover  two  feet  thick,  yet  well-borers,  on  reaching  it,  often  mistake 
Bt  for  the  bed-rock.  They  pass  through  it,  and  usually  find  a  copious 
Hov  of  excellent  water.  The  announcement  is  then  promulgated  that 
Biol  v^  it/is  drlikd  through  the  rock ,  Hence  it  is  a  pojuilar  error 
Bkat,  in  order  to  obtain  water  of  the  purest  quality,  it  is  necessary  to 
Biak  a  well  "through  the  rock,"  This  member,  though,  is  not  always 
BMtad  in  penetrating  the  drift  to  the  rock.  It  may  be  here  stated, 
Bko,  that,  when  No.  4  is  present,  the  bed-rock  does  not  show  so  plainly 
Bht  «nar*  >  -iation;  but,  when  No,  3  extends  to  the  rock,  the  sur- 

^■■Bof  ti  '>ck  is  almost  invariably  marked  with  the  will- known 

^^Bir«|ehing9. 

^^Bia^faig  taken  this  survey  of  the  component  parts  of  tbe  ddft,  it 
^^■pt  W^n  to  bring  them  into  a  general  view,  as  illuBt rated  by  tlie 
^Bisdiag  diagram  (Fig.  3),  in  which  the  figures  represent  the  same 
^■idy^ri  an  m  the  [previous  Illustrations.  It  shows  a  general  section 
^faba  drift,  from  Toledo  to  Shelby  Couaty,  Oliio,  aud  is  based  on  ex- 
^^B^  atscrvations,  the  results  of  which  are  to  appe^ar  in  the  forth- 
^^Bg  fvportu  of  the  **  Geological  Survey  of  Oliio,'^     The  six  ridges 
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here  represented  in  profile  can  be  traced  from  30  to  130  miles,  rimning 
into  Indiana,  Toward  the  north,  in  Micliigan,  tliey  unite  by  conTef- 
geDce,  but  one  or  two  being  visible  in  that  State  Another  article  wiU 
treat  the  interesting  questioti  of  tho  origiu  of  the  drift. 


SOME  OBSERVATIONS  ON  NIAGARA.' 

Br  pHor.  JOHN  TYNDALL,  LL,  D.,  F.  E.  S, 

ris  ono  of  the  disad^^antages  of  reading  books  about  natural 
scenery  that  they  fill  tho  mind  with  pictures,  often  exaggerated, 
often  distorted,  often  blurred,  and,  even  when  well  drawn,  injarious  to 
the  freshness  of  first  impressions.  Such  has  been  the  fate  of  most  of  us 
with  regai-d  to  the  Falls  of  Niagara,  There  was  little  accuracy  in  the 
estimates  of  the  first  observers  of  the  cataract.  Startled  by  an  exlli'' 
bition  of  power  so  novel  and  so  grand,  emotion  leaped  beyond  the 
control  of  the  judgment,  and  gave  currency  to  notions  regarding  the 
water-fall  which  have  often  led  to  disappointment, 

A  record  of  a  voyage  in  1535,  by  a  French  mariner  named  Jacques 
Carticr,  contains,  it  is  eaid,  the  first  printed  allusion  to  Niagara.    Jsl 
1603  the  first  map  of  the  district  was  constructed  by  a  Frenchmau 
named  Champlain,     In  1048  the  Jesuit  Rageneau,  in  a  letter  to  Ms 
superior  at  Paris,  mentions  Niagara  as  "  a  cataract  of  frightful  height.'" 
In  the  winter  of  1078  and  1670  the  cataract  was  visited  by  Father 
Hennepin,  and  described  in  a  book  dedicated  **  to  the  King  of  Grc^t 
Britain,*'     He  gives  a  drawing  of  the  water-fall,  which  shows  that 
Bcrious  changes  have  taken  place  since  his  time.     He  describes  it  u 
"a  great  and  prodigious  cadence  of  water,  to  which  tho  universe  ^''"* 
not  offer  a  parallel"    The  height  of  the  fall,  according  to  Hen 
was  more  thnn  600  feet     ** The  waters,"  he  says,  "which  fall  irv>ai 
this  great  precipice  do  foam  and  boil  in  the  most  astonishing  maufltT, 
making  a  noise  more  terrible  than  that  of  thunder.     ^Vhon  the  wind 
blows  to  the  south,  its  frightful  roaiing  may  be  heard  for  raor 
fifteen  leagues."     The  Baron  la  Hontan,  who  visited  Niagara  iti 
make**  the  height  800  feet.     In  1721,  Charlevoix,  in  a  letter  to  Mi^lamf 
de  Main  tenon,  after  referring  to  the  exaggerations  of  his  predec^      '" 
thus  states  the  result  of  his  own  observations:  "For  my  part 
examining  it  on  all  sides,  I  am  inclined  to  think  that  we  cannot  ull"^' 
it  less  than  140  or  150  feet" — a  remarkably  close  estimate.     At  tbt 
time,  viz.,  a  hundred  and  fifty  years  ago,  it  had  the  shape  of  a  h- r?^ 
shoe,  and  reasons  will  subsequently  be  given  for  holding  that  tbJl 

'  A  lecture  before  the  Royal  Institution »  delivered  April  4,  1878. 

'Prom  an  interesting  little  I>ook  presented  to  me  at  Brookljm  by  iu  auH 
Holly,  aomc  of  these  data  arc  derived :  Hennepin,  KaJni,  Bakevrell,  Ljell,  and  oincrt, 
have  rayaclf  eonaulted. 
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baa  been  alurays  the  farm  of  the  cataract  from  its  origin  to  its  present 
■te. 

Ab  regards  the  noise  of  the  cataract,  Charlevoix  declares  the  ac- 

its  of  Lie  predecessors,  which,  I  may  say,  are  repeated  to  the  pres- 

mr,  to  be  altogether  extravagant.     lie  is  perfectly  riglit.     The 

of  Niagara  are  formidable  enough  to  those  who  really  seek 

tkem  at  the  base  of  the  Horseshoe  Fall ;  but  on  the  banks  of  the  river, 

ind  particularly  above  the  fall,  its  silence,  rather  than  its  noise,  is 

surprising.     This  arises,  in  part,  from  the  lack  of  resonance,  the  sur- 

ding  country  being  flat,  and  therefore  fiinnshing  no  echoing  snr- 

to  reeiiforcc  the  shock  of  the  water.     The  rcBonatice  from  the  sur- 

[g  rocks  causes  tlic  Swiss  Ronss  at  the  Devil's  Bridge,  wlien 

to  thunder  more  loudly  than  the  Niagara, 

On  Friday,  the  1st  of  November,  1872,  just  before  reaching  the 
;e  of  Niagara  Falls,  I  caught,  from  the  railway-train,  my  first 
of  tho  smoke  of  the  cataract.  Immediately  after  ray  arrival, 
with  a  friend  to  the  northern  eod  of  the  American  Fall.  It 
be  that  my  mood  at  the  time  toned  down  the  impression  pro- 
by  the  first  aspect  of  this  grand  cascade ;  but  I  felt  nothing  like 
ipointment,  knowing,  from  old  experience,  that  time  and  close 
teqttauitaocesljip,  the  gradual  interweaving  of  mind  and  Nature,  must 
poverfiilly  influence  my  final  estimate  of  the  scene.  After  diuner  we 
mmed  to  Goat  Island,  an<l^  turning  to  the  right,  reached  the  southern 
ia4  at  Ibc  American  FalL  The  river  is  here  studded  with  small 
iiiiods^  Crossiug  a  wooden  bridge  to  Lima  Island,  and  clasping  a 
trv«  which  grows  near  its  edge,  I  looked  long  at  the  cataract,  which 
fcwK  shuota  down  the  precipice  like  an  avalanche  of  foam.  It  grew 
m  power  and  beauty  as  I  gazed  upon  it.  The  channel,  spanned  by 
Iba  wooden  bridge,  was  deep,  and  the  river  there  doubled  over  the 
^dge  of  ibc  precipice  like  the  swell  of  a  muscle,  unbroken.  The  ledge 
^KfB  tiverhangft,  the  water  being  pom*ed  out  far  beyond  the  base  of  the 
^HH||il^c,  A  space,  called  the  Cave  of  the  Winds,  is  thus  enclosed 
P^^lifD  \h^  wall  of  rock  and  the  cataract. 

C5  m1  terminates  in  a  sheer  dry  precipice,  which  connects 

'    ifce  Ai..  -..^*»  and  the  Uorseshoe  Falls.     IMid way  between  both  is  a^ 
jiXHkti  bill,  the  re«idence  of  the  guide  to  the  Cave  of  the  Winds,  audi 
Ihe  hot  a  winding  staircase,  called  Biddle's  Starr,  descends  toj 
btt»c  of  the  precipice.     On  the  evening  of  my  arrival  I  went  down 
,  and  wandered  along  the  bottom  of  the  cUff.     One  well- 
factor  in  the  formation  and  retreat  of  the  cataract  was  immc- 
\f  obnfTved.     A  thick  layer  of  limLstone  formed  the  ui»per  portion 
cliC    Thi*  rested  U[>on  a  bed  of  soft  shale,  which  extended 
the  base  of  the  cataract*    The  violent  recoil  of  the  water  against 
Idtng  iubitiuice  cmmbles  it  away,  undermining  the  ledge  above, 
nnimpportedy  eventually  breaks  off,  and  produces  the  observed 
«inn. 
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At   the   Houtliern   extremity  of  the  Horseshoe  is  a  pi^i 
formed  liy  tlie  doubliiig  back  of  the  gorge,  excavated  by  the  c 
and  into  which  it  plungea.     On  the  promontory  stands  a  stone  build- 
ing^ called  the  Terrapin  Tower,  the  door  of  which  had  been  nailed  np 
because  of  tlio  decay  of  the  staircase  within  it.     Through  the  kind- 
ness of  Mr.  Townsend,  tlie  superintendent  of  Goat  Island,  the  door 
was  opened  for  me.     From  this  tower,  at  all  hours  of  the  day,  and  at 
some  hours  of  the  night,  I  watched  and  listened  to  the  Horseshoe 
Fall,    Tbe  river  here  is  evidently  much  deeper  than  the  American 
branch ;  and,  instead  of  bursting  into  foam  where  it  quits  the  ledge, 
it  bends  snlidly  over  and  falls  in  a  continuous  layer  of  the  most  vivid 
green,     Tlie  tint  is  not  uniform,  but  varied,  long  stripes  of  deeper 
hue  alternating  with  bands  of  brighter  color.     Close  to  the  ledge  over 
which  the  water  rolls,  foam  is  generated,  tlie  light  falliug  upon  which» 
and  flashing  back  from  it,  is  sifled  in  its  passage  to  and  fro,  and 
changed  from  white  to  emerald  green.     Heaps  of  superficial  foam  are 
also  formed  at  ioten-als  along  the  ledge,  and  immediately  drawu 
down  in  long  white  strin?/    Lower  down,  tbe  surface,  shaken  by  tiie 
reaction  from  below,  incessantly  rustles  into  whiteness.    The  descent 
finally  resolves  itself  into  a  rhythm,  the  water  reaching  the  bottom 
of  the  fall  in  periodic  gushes.     Nor  is  the  spray  uniformly  dilVui^iJ 
I  through  the  air,  but  is  wafted  through  it  in  successive  veils  of  gall2^ 
like  texture.    From  all  this  it  is  evident  that  beauty  is  not  absent  ' -  *^ 
the  Horseshoe  Fall,  but  majesty  is  its  chief  attribute.'  Tlie  plur 
the  water  is  not  wild,  but  deliberate,  vast,  and  fascinating.     Froi 
Terrapin  Tower,  the  adjacent  arm  of  the  Horseshoe  is  seen  proji 
against  the  opposite  one,  midway  down ;  to  the  imagination,  thei 
is  left  the  picturing  of  the  gulf  into  which  the  cataract  plunges. 

The  delight  which  natuial  scenery  produces  in  some  mind$  b 
diffieult  to  explain,  and  the  conduct  which  it  prompts  can  hardly  be 
fairly  criticised  by  those  who  have  never  experienced  it.  It  seemi 
to  me  a  deduction  from  the  completeness  of  the  celebrated  Thomlii 
Young,  that  he  was  unable  to  appreciate  natural  scenery,  **ll 
really,"  says  Dean  Peacock,  "no  taste  for  life  in  the  country;  li 
one  of  those  who  thought  that  no  one  who  was  able  to  live  in  L 
would  be  content  to  live  elsewhere."  Well,  Dr,  Young,  lik- 
Johnson,  had  a  right  to  his  delights;  but  I  can  understand  a  ]r 
tion  to  accept  them,  high  as  they  were,  to  the  exclusion  of 

**  That  overflowing  joy  which  Nature  yiolda 
To  her  truo  lovers," 

To  all  who  are  of  this  mind,  the  strengthening  of  desire  on  mi 
to  see  and  know  Niagara  Falls,  as  far  as  it  is  possible  for  tl 
seen  and  known,  will  be  intelligible. 

*  The  direction  of  tbe  wind,  with  reference  to  the  course  of  a  ehip»  nmy  be  i 
with  accuracy  from  the  foam-streaks  on  the  surface  of  th«  sea. 
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On  Uic  first  eveuing  of  my  visit,  I  met,  at  the  Lead  of  Biddle's 
the  guide  to  the  Cave  of  the  Winds.  He  was  in  the  prime  of 
ood — large,  well  built,  firm  and  pleat^aut  in  mouth  and  eye.     My 

re«t  in  the  scene  stirred  up  his,  and  made  lum  eoramunioative, 
g  to  a  photograph,  he  described,  by  reference  to  it,  a  feat  which 

bAd  accomplished  some  time  previously,  and  which  bad  brought 

almost  under  the  green  water  of  the  Horseahoe  Fall  **  Can  you 
esd  me  there  to-morrow  ?  "  I  asked.  lie  eyed  me  inquiringly,  weigh- 
^^  perhaps,  the  chances  of  a  man  of  light  build  and  with  gray  in  his 
ihbkers  in  such  an  undertaking.  **  I  wish,"  I  added,  "  to  see  as  miicli 
■  the  fall  as  can  be  ^een,  and  where  you  lead  I  will  endeavor  to  fol>  . 
wfwP  Ui&  scrutiny  relaxed  into  a  smile,  and  he  said,  "  Very  well ;  I 
ifcall  be  ready  for  you  to-morrow." 

On  the  morrow,  accordingly,  I  came.  In  the  hut  at  the  head  of 
pddle^s  Stair  I  stripped  wholly,  and  redressed  according  to  instnie- 
liotts — drawing  on  two  pairs  of  woollen  pantaloons,  three  woollen 
^uk€t9,  two  pairs  of  socks,  and  a  pair  of  felt  shoes.  Even  if  wet,  my 
PbA»  orged  that  the  clothes  would  keep  me  from  being  chilled,  and 
Itytwk  right*  A  suit  and  hood  of  yellow  oil-cloth  covered  all.  Most 
■oAable  precautions  were  taken  by  the  young  assistant  of  the  guide 
Id  keep  the  water  out,  but  his  devices  broke  down  immediately  when 
ptmly  tested, 

■H[€  desccnd€»d  Uie  stair;  the  handle  of  a  pitchfork  doing  in  my 
Hpihe  duty  of  an  alpenstock.  At  the  bottom  my  guide  inquired 
HuKther  we  idioald  go  first  to  the  C^are  of  the  Winds,  or  to  the  Horse- 
■l^niarking  that  the  latter  would  try  us  most.  I  decided  to  get 
JBM^Ilc^t  done  first,  and  he  turned  to  the  left  over  the  stones, 
pey  were  sharp  and  trying.  TIic  base  of  the  first  portion  of  the  cat- 
Kici  ifl  covered  with  huge  bowlders,  obviously  the  ruins  of  the  Hme- 
iofte  ledge  above.  The  water  does  not  distribute  itself  uniformly 
koilg  lhe«e,  but  seeks  for  itself  channels  through  which  it  pours  tor- 
■jtiftUy,  Wc  passed  some  of  these  with  wetted  feet,  but  without  dif- 
fcl^^  At  length  we  came  to  the  side  of  a  more  formidable  current. 
Bapude  walked  along  its  edge  until  ho  reached  its  least  turjjulent 
^HpL  Halting,  he  said,  **  This  is  our  greateat  ditiicidty  ;  if  we  can 
Kfilbtf^^  wo  shall  get  far  toward  the  Horseshoe." 
K  B«  vsded  in.  It  evidently  required  all  his  strength  to  steady  liim, 
M  wmtT  rose  above  his  loins,  and  it  foamed  still  higlien  He  hud  to 
pn^  for  footing,  amid  unseen  bowlders,  against  which  the  torrent 
be  Ttotcnlly.  lie  struggled  and  swayed,  but  he  struggled  success- 
■By,  nnd  fiimlly  reached  the  shallower  water  at  the  other  side.! 
■MeUi^  out  \i\&  arm,  lie  said  to  me, "  Now  come  on,"  I  looked  down 
Ktetmt  as  it  rushed  lo  the  river  below,  which  was  seething  with 
k  tqmitlt  of  the  cataract.  De  Saussure  recommended  the  inspection 
r  ''-  '^  dangers  with  tbe  view  of  making  them  familiar  to  the  eye 
L  -jT  «re  encountered;  and  it  is  a  wholesome  custom, in  places 
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of  difficulty,  to  put  the  possibility  of  an  accitlent  clearly  before*  tbc 
mind,  and  to  decide  beforehand  what  ought  to  be  don^  should  the  ac- 
cident occur.  Thus  wound  up  in  the  present  instance,  I  entered  the 
water.  Even  where  it  was  not  more  than  knee-deep  its  power  was 
manifest.  As  it  rose  around  me,  I  sought  to  split  the  torrent  by  pre- 
Renting  a  side  to  it ;  but  the  insecurity  of  the  footing  enabled  it  to 
grasp  the  loins,  twist  me  fairly  round,  and  bring  its  impetus  to  bear 
upoh  the  back.  Further  struggle  was  impossible ;  and,  feeling  my 
balance  hopolosfily  gone,  I  turned,  flung  myself  toward  the  bank  1  had 
just  quitted,  and  was  instantly  swept  into  shallower  water. 

The  oil-cloth  covering  was  a  great  incumbrance;  it  had  been  made 
for  a  much  stouter  man,  and,  standing  upright  after  my  Bubmcraion, 
my  legs  occupied  the  ceiitres  of  two  bags  of  water.  My  guide  ex- 
horted me  to  try  again.  Prudence  was  at  my  elbow,  whispering  dis- 
suasion ;  but,  taking  every  thing  into  account,  it  appeared  more  im- 
moral to  retreat  than  to  proceed.  Instructed  by  the  first  misadreii- 
ture,  I  once  more  entered  the  stream.  Had  the  alpenstock  been  of  iron 
it  might  have  helped  me;  but,  as  it  was,  the  tendency  of  the  water  to 
sweep  it  out  of  my  hands  rendered  it  worse  than  useless.  I,  however, 
clung  to  it  by  habit.  Again  the  torrent  rose,  and  again  I  wavered; 
but,  by  keeping  the  left  hip  well  against  it,  I  remained  upright,  and  at 
length  grasped  the  hand  of  my  leader  at  the  other  side.  He  laughed 
pleasantly.  The  first  victory  was  gained,  and  he  enjoyed  it*  '*Ni> 
traveller,"  he  said,  "  was  ever  here  before."  Soon  afterward,  by  trust- 
ing to  a  piece  of  drift-wood  which  seemed  firm,  I  was  again  taken  off 
my  feet,  but  was  immediately  caught  by  a  protruding  rock. 

We  clambered  over  the  bowlders  toward  the  thickest  spray,  which 
soon  became  so  weighty  as  to  cause  us  to  stagger  under  its  shock. 
For  the  most  part  nothing  could  be  seen  ;  we  were  in  the  midst  of  be- 
wildering tumult,  lashed  by  the  water,  which  soimded  at  times  like 
the  cracking  of  innumerable  whips.     Underneath  this  was  the  deep, 
resonant  roar  of  the  cataract.     I  tried  to  shield  my  eyes  with  my 
hands,  and  look  upward;  but  the  defence  was  useless.     My 
tinned  to  move  on,  but  at  a  certain  place  he  halted,  and  desi' 
take  shelter  in  his  lee  and  observe  the  cataract.    The  spray  did  not 
come  BO  much  from  the  upper  ledge  as  from  the  rebound  of  tht  -'  '. 
tered  water  when  it  struck  the  bottom.     Ilencc  the  eyes  could  li 
tected  from  the  blinding  shock  of  the  spray,  while  the  line  of  vi> 
the  upper  ledges  remained  to  some  extent  clear,     Ou  looking  up    ^ 
over  the  gmde^s  shoulder  I  could  see  the  water  bending  over  the  Kl- ', 
while  the  Terrapin  Tower  loomed  fitfully  through  tho  in  term 
spray -gusts.     We  were  right  under  the  tower.     A  little  failher  oit,  i 
cataract,  after  its  first  plunge,  hit  a  protuberance  some  w^ay  down,  and 
fiew  from  it  in  a  prodigious  burst  of  spray;  tlirough  this  we  8t,iggePod. 
We  rounded  t!ie  promontory  on  w*hich  the  Terrapin  Tower  standi^  ftdd 
pushed,  amid  the  wildest  commotion,  along  the  arm  of  the  Horseshoe, 
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►  the  bowlders  flailed  ub,  and  the  cataract  fell  into  the  profound 

of  tho  Niagara  River. 

Here  my  guide  sheltered  me  again,  and  desired  me  to  look  up ;  I 

1  »a,  and  could  see,  as  before,  tbe  green  gleam  of  the  mighty  curve 

ping  over  the  upper  ledge,  and  the  fitful  plunge  of  the  water  as 

be  Bpray  between  us  and  it  alternately  gathered  and  disappeared, 

it  friend  of  mine  often  speaks  to  me  of  the  mistake  of  those 

Ks  who  regard  man'^s  ailments  as  purely  chemical,  to  be  met 

chemical  remedies  only.     He*  contends  for  the  psychological  ele- 

'  maiit  of  cure.     By  agreeable  emotions,  he  says,  nervous  currents  are 

Bbenited  which  stimulate  blood,  bram,  and  viscera.     The  influence 

mned  from  ladies*  eyes  enables  ray  friend  to  thrive  on  dishes  which 

vould  kill  him  if  eaten  alone.     A  sanative  effect  of  the  same  order  I 

uipedeneed  amid  the  spray  and  thunder  of  Niagara,     Quickened  by 

lb  emoiions  there  aroused,  the  blood  sped  exultingly  through  the  ar- 

^  abolishing  introspection,  clearing  the  heart  of  all  bittcmesSj  and 

ling  one  to  think  with  tolerance,  if  not  with  tenderness,  on  the 

;  reluntlcRs  and  unreasonable  foe.     Apart  from  its  scientitic  value, 

lad  jiurcly  as  a  moral  agent,  the  play,  I  submit,  is  worth  the  candle. 

Mf  eoiBpanion  knew  no  more  of  me  than  that  I  enjoyed  the  wild- 

'  ^em ;  but,  as  I  bent  in  the  shelter  of  his  large  frame,  he  said,  **  I  should 

13»  to  see  you  attempting  to  describe  all  this,"    He  rightly  thought  it 

I  Ueserihable.    The  name  of  this  gallant  fellow  was  Thomas  Conroy. 

We  returned,  clambering  at  interv^als  up  and  down  so  as  to  catch 
I  gliapees  of  the  most  impressive  portions  of  the  cataract.  We  passed 
nder  ledges  formed  by  tabular  masses  of  limestone,  and  through  some 
{QiiOQa  openings  formed  by  the  falling  together  of  the  suramits  of  the 
IfoAi  At  length  we  found  ourselves  beside  our  enemy  of  the  moru- 
^  My  guide  halted  for  a  minute  or  two,  scanning  the  torrent 
tfcoogtiifiiUy.  I  said  that,  as  a  guide,  he  ought  to  have  a  rojie  in  8«eh 
I  fiftoe ;  but  he  retorted  that,  as  no  traveller  had  ever  thought  of 
ooodDg  there,  he  did  not  see  the  necessity  of  keeping  a  rope.  He 
vtded  IB.  The  struggle  to  keep  himself  erect  was  evident  enough  ; 
be  firayed,  but  recovered  himself  again  and  again.  At  length  he 
iJipped,  gave  way,  did  as  I  had  done,  threw  himself  flat  in  tbe  water 
[Itfvimi  the  b.ink,  and  was  swept  into  the  shallows.  Standing  in  the 
IB  near  its  edge,  he  stretched  his  ami  toward  me.  I  retained  the 
ifork  handle,  for  it  had  been  useful  among  the  bowlders*  By  wad- 
ffome  way  in,  the  staff  could  be  made  to  reach  him,  and  I  proposed 
Midjig  It,  **  If  you  are  sure,'*  he  replied,  *'  that,  in  casp  of  giving 
r,  you  cao  maintain  your  grasp,  then  I  will  certainly  hold  you,"  I 
stretched  the  staff  to  my  companion.  It  was  firmly 
I  of  ns.  Thus  helped,  though  its  onset  was  strong,  I 
red  tftVi'ly  across  the  torrent.  All  danger  ended  here.  We  after- 
foamed  sociably  among  the  torrents  ar^d  bowlders  below  the 
[ll^  VVindfi.  The  rocks  were  covered  with  organic  slime  which 
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could  not  hiive  been  walked  over  with  bare  feet,  but  tbe  felt  »lii 
efiectually  prevented  slipping.     We  readied  tlie  cave  and  entered 
first  by  a  wooden  way  carried  over  tbe  bowlders,  and  then  aloni 
narrow  ledge  to  the  point  eaten  deepest  into  tlie  shale.     Wbou 
wind  is  from  the  south,  tlic  falling  water,  I  am  told,  can  be  seen  t 
quilly  from  this  spot;  but,  when  we  were  there,  a  blinding  hurn< 
of  spray  was  whirled  against  us.     On  the  evening  of  the  same  da|J 
went  behind  the  water  on  the  Canada  side,  which,  I  confess,  stJ 
me,  after  the  experience  of  the  morning,  as  an  imposture. 

To  complete  my  knowledge  it  was  necessary  to  see  the  fall  from 
the  river  below  it,  and  long  negotiations  were  necessary  to  secure  the 
means  of  doing  so.     The  only  boat  lit  for  the  undertaking  had  been 
laid  up  for  the  winter;  but  this  difficulty,  through  the  kind  interven- 
tion of  Mr.  Towusend,  was  overcome.     The  main  one  was,  to  secure 
oarsmen  s^itliciently  strong  and  skilful  to  urge  the  boat  where  I  wished 
it  to  be  taken.     The  son  of  the  owner  of  the  boat,  a  finely-built  young 
fellow,  but  only  twenty,  and  therefore  not  suificiently  bardened,  was 
willing  to  go ;  and  up  the  river  I  was  informed  there  lived  another  maa 
who  could  do  any  thing  with  the  boat  which  strength  and  dariag 
could  accomplislL     He  came.     His  figure  and  expression  of  face  cer- 
tainly indicated  extraordinary  firmness  and  power.     On  Tuesday,  the 
5tfi  of  November,  we  started,  each  of  us  being  clad  in  oil*cloth.    The 
elder  oarsman  at  once  assumed  a  tone  of  authority  over  bis  compamon^ 
and  struck  immediately  in  among  the  breakers  below  the  Anii 
Fall     He  bugged  the  cross  freshets  instead -of  striking  out  int 
smoother  water.    I  asked  bim  why  he  did  so,  and  he  replied  that  ihey 
were  directed  outward  not  ilownward.    At  times,  the  struggle  to  ]r<- 
vent  the  bow  of  the   boat   from  being  turned  by  them  was  v.  iv 
severe. 

The  spray  was  in  general  blinding,  but  at  times  it  disappeared,  and 
yielded  noble  views  of  the  fall.     The  edge  of  the  cataract  is  crimped, 
by  indentations  which  exalt  its  beauty,     nere  and  there,  a  little 
the  highest  ledge,  a  secondary  one  jets  out ;  the  water  strikes  it| 
bursts  from  it  in  huge,  protuberant  masses  of  foam  and  spray. 
passed  Goat  Island,  came  to  the  Horseshoe,  aud  worked  for  a 
along  the  base  of  it,  the  bowlders  over  which  Conroy  and  myself 
scrambled  a  few  days  previously  lying  between  us  and  the  base. 
rock  was  before  us,  concealed  and  revealed  at  intervab,  as  the  wa^ 
passed  over  it.     Our  leader  tried  to  get  above  this  rock,  first  on 
outside  of  it.     The  water,  however,  hero  was  in  violent  motion. 
men  struggled  fiercely,  the  elder  one  ringing  out  an  inecsaant  peal 
command  and  exhortation  to  the  younger.     As  we  were  just  ch 
the  rock,  the  bow  came  obliquely  to  the  surge;  the  boat  was  V\ 
suddenly  round,  and  shot  with  astonishing  rapidity  down  the  i  i 

The  men  returned  to  the  charge,  now  trying  to  get  up  between  tbO     | 
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died  rock  and  the  bowlders  to  tbe  left.     But  tbe  torrent  set 
:  «frohglj  tUrough  this  channel.     The  tugging  was  quick  and  vio- 

feni,  but  we  made  little  way.  At  length  seizing  a  rope,  the  principal 
arsman  made  a  desperate  attempt  to  get  upon  one  of  the  bowlders, 
oping  to  be  able  to  drag  the  boat  through  the  channel ;  hnt  it  bumped 
I  violently^  against  the  rock,  that  the  man  flung  himself  back,  and  re- 

'  liji<]ai8bed  tbe  attempt* 

We  returned  along  the  base  of  the  American  Fall,  running  in  and 
out  among  the  currents  which  rushed  from  it  laterally  into  the  ri\'en 
Seen  from  below,  the  American  Fall  is  certainly  exquifc^itely  beautiful, 

I  but  it  is  a  mere  frill  of  adornment  to  its  nobler  neighbor  the  Horse- 
shoe. At  times  we  took  to  the  river,  from  the  centre  of  ivhich  tbe 
Horeefhoc  Fall  appeared  especially  magniticent.  A  streak  of  cloud 
icro!§s  the  neck  of  Mont  Blanc  can  double  its  apparent  height,  bo  here, 
t^  green  summit  of  the  cataract  shining  above  the  smoke  of  the  epray 
ippeared  lift4»d  to  an  extraordinary  elevation.  Had  Hennepin  and 
U  Hontan  seen  tbe  fall  from  this  position,  their  estimates  of  the  height 
I  hATe  been  perfectly  excusable. 


Frora  a  point  a  little  way  below  the  American  Fall,  a  feiTy  crosses 

tk  riter  in  summer  to  the  Canadian  Bide.     Below  the  ferry  is  a  bus- 

fouioci  bridge  for  carriages  and  foot-passengers,  and  a  mile  or  tw^o 

lottT  down  ifl  the  railway  siifipenston  bridge.     Between  the  ferry  and 

tk  btter  tbe  river  Niagara  flows  unruffled  j  btit  at  the  suspension 

bridge  the  bed  steepens  and  the  river  quickens  its  motion.    Lower 

1  the  gorge  narrows,  and  the  rapidity  and  turbulence  increase. 

lilUM!  plBce  called  the  ** Whirlpool  Rapids"  I  estimated  the  width  of 

I  tbe  river  at  300  feet,  an  estimate  confirmed  by  the  dwellers  on  tbe 

(•pot    When  it  is  remembered  that  the  drainage  of  nearly  half  a  con- 

jtMsi  IS  compressed  into  this  space,  the  impetuosity  of  the  river's  es- 

rt^^ikroagh  tlus  gorge  may  be  imagined.     Had  it  not  been  for  Mr. 

it,  the  distingtdshed  photographer  of  Niagara,  I  should  have 

Xed  the  place  without  seeing  these  rapids ;  for  this,  and  for  his 

able  company  to  the  spot,  I  have  to  thank  him.    From  tbe  edge 

eliff  above  the  rapids,  we  descended,  a  little  I  confess  to  a 

cfimlier'e  disguft^  in  an  "  elevator,"  because  the  effects  are  beet  seen 

ibtm  tbe  water^leveL 

Two  Idods  of  motion  are  here  obviously  active,  a  motion  of  trans- 
,  and  a  motion  of  undulation — the  race  of  the  river  through  its 
and  the  great  waves  generated  by  its  collision  with,  and  re* 
od  irotn^  the  obstacles  in  its  way.  In  tbe  middle  of  the  river  the 
liad  tossing  are  most  violent;  at  all  events,  the  impetuous  force 
I  tbe  individual  waves  is  hero  most  strikingly  displayed.  Vast 
fiiB^Al  heaps  leap  incessantly  from  the  river,  some  of  them  with 
Mfc  energy  a»  to  jerk  their  summits  into  the  air,  where  they  hang  sus* 
\  of  liquid  spherules.    The  sun  shone  for  a  few  miu- 
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utes.  At  timcsj  the  wmd,  coming  up  the  river,  searched  and  sii'tc 
gpray,  carrying  away  the  lighter  drops,  aud  leaving  the  heavier  on 
behind.  Wafted  in  the  proper  direction,  rainboi;\"8  appeared  and  di»* 
appeared  fitfully  in  the  lighter  mist.  In  other  directions  the  con 
gleam  of  the  eunshine  from  the  waves  and  their  shattered  crestB  ^ 
e3tquisitclj  beautiful.  The  complexity  of  the  action  was  etill  further 
illustrated  by  the  fact  that  in  some  eases,  as  if  by  the  exercise  of  a 
local  explosive  force,  the  drops  were  shot  radially  from  a  particular 
centre,  forming  around  it  a  kind  of  halo. 

The  first  impression,  and,  indeed,  the  current  explanation  of  these 
rapids  is,  that  the  central  bed  of  the  river  is  cumbered  with  large 
bowlders,  and  that  the  jostling,  tossing,  and  wild  leaping  of  the  water 
there  are  due  to  its  impact  against  these  obstacles.  This  may  be  true 
to  some  extent,  but  there  is  another  reason  to  be  taken  into  accoQiiiU 
Bowlders  derived  from  the  adjacent  clifis  visibly  cumber  the  lidti  of 
the  river.  Against  these  the  water  rises  and  siuks  rhythmically  but 
violently,  largo  waves  being  thus  prodticed.  On  the  generation  of 
each  wave  there  is  an  immediate  compounding  of  the  wave-motion 
with  the  rivermotion.  The  ridges,  which  in  still  water  would  proceed 
in  circular  curves  round  the  centre  of  disturbance,  cross  the  river  ol> 
liquely,  aud  the  result  is  that,  at  the  centre,  waves  commingle  whici 
have  really  been  generated  at  the  sides.  In  the  first  instance  we  had^ 
composition  of  wave-motion  with  river-motion;  here  we  have  the  \ 
lescence  of  waves  with  waves,  Where  crest  and  furrow  cross 
other,  the  motion  ig  annulled;  where  furrow  and  furrow  cross, 
river  is  ploughed  to  a  gi'cater  depth;  and,  where  crest  and  crest  aii 
each  other,  we  have  that  astonishing  leap  of  the  water  which  br 
the  cohesion  of  the  crests,  and  tosses  them  shattered  into  the 
From  the  water-level  the  cause  of  the  action  is  not  so  easily  seen ; 
from  the  summit  of  the  cliff  the  lateral  generation  of  the  waves. 
their  propagation  to  the  centre  are  perfectly  obvious.  If  this  ea 
tion  be  correct,  the  phenomena  observed  at  the  Whirlpool  Rap 
form  one  of  the  grandest  illustrations  of  the  principle  of  inHrftt 
The  Nile  "  cataract,''  Mr*  Huxley  informs  me,  offers  examples  of  i 
same  action. 

At  some  distance  below  the  Whirlpool  Kapids  we  have  liie  ccij 
brated  whirlpool  itself.     Here  the  river  makes  a  sudden  bend  to  ti 
northeast,  forming  nearly  a  right  angle  with  its  previous  dire 
The  water  strikes  the  concave  bank  with  great  force,  and  seo< 
incessantly  away.    A  vast  basin  has  been  thus  formed,  in  whicl 
sweep  of  the  river  prolongs  itself  ia  gyratory  currents.     Bodies 
trees  which  have  come  over  the  falls  are  stated  to  circulate  hei^jl 
days  without  finding  the  outlet*     From  various  points  of  the 
above,  this  is  curiously  hidden.    Tlie  rush  of  the  river  into  the 
pool  is  obvious  enough  ;  and,  though  you  imagine  the  outlet  must] 
visible,  if  one  existed,  you  cannot  find  it.    Turning,  however,  \ 
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bead  of  tho  precipice  to  tlie  northeast,  the  outlet  comes  into 
r. 

The  Niagara  season  had  ended ;  the  chatter  of  eight-seers  had 
i^d,  and  the  scene  presented  itself  as  one  of  holy  seclusion  and 
iiity.  I  went  down  to  the  river^s  edge,  where  the  weird  loneliness 
.  iQvellness  seemed  to  increase.  The  basin  is  enclosed  by  high  and 
precipitons  banks — covered,  when  I  was  there,  with  russet 
A  kind  of  mystery  attaches  itself  to  gyi-ating  water,  due  per- 
Ipfi  to  the  (act  that  we  are  to  some  extent  ignorant  of  the  direction 
its  force*  It  is  said  that  at  certain  points  of  the  whirlpool  pine- 
arc  sucked  down,  to  be  ejected  mysteriously  elsewhere.  The 
Iter  is  of  the  brightest  emerald-green.  The  gorge  through  which  it 
ipes  ia  narrow,  and  the  motion  of  the  river  swift  though  silent. 
\  sur&ce  is  steeply  inclined,  but  it  is  perfectly  unbroken.  There  are 
no  lateral  waves,  no  ripples  with  their  breaking  bubbles  to  raise  a 
fimnntrr;  while  the  depth  is  here  too  great  to  allow  the  inequality  of 
I'tee  bed  to  ruffle  the  surface.  Nothing  can  bo  more  beautiful  than  this 
liquid  mirror  formed    by  the  Niagara  in   sliding  from  the 


een  color  is,  I  think,  correctly  accounted  for  in  the  **  Hours 
f  Exercise  in  the  Alps."  In  crossing  tho  Atlantic  I  had  frec^uent  op- 
1  unities  of  testing  the  explanation  there  given.  Looked  properly 
upon,  there  are  portions  of  the  ocean  to  which  we  should  hardly 
stcribe  %  trace  of  blue  j  at  the  most  a  hint  of  indigo  reaches  the  eye. 
Ae  water,  indeed,  is  practically  hlacl\  and  this  is  an  indication  both 
^^iti  depth  and  its  freedom  from  mechanically-suspended  matter.  In 
[  thicknesses  water  is  sensibly  transparent  to  all  kinds  of  light ; 
the  thickness  increases,  the  rays  of  low  rcfraogibility  are  first 
imd  after  them  the  other  rays.  Where,  therefore,  the  water 
li  ?<ery  deep  and  very  pure,  all  the  colors  are  absorbed,  and  such  water 
««ght  to  ajipear  black,  as  no  light  is  sent  from  its  interior  to  the  eye. 
Tfct  approximation  of  the  Atlantic  Ocean  to  this  condition  is  an  indl- 
i  of  its  extreme  purity. 
Throw  a  white  pebble  into  such  water;  as  it  sinks  it  becomes 
'  and  greener,  and,  before  it  disappears,  it  reaches  a  vivid  blue- 
fifesk  Boch  a  pebble  into  fragments,  each  of  these  will  behave 
itobroken  mass ;  grind  the  pebble  to  powder,  every  particle 
ijield  Hi  modicum  of  green;  and,  if  the  particles  be  so  fine  as  to 
litffnApended  in  the  water,  the  scattered  light  will  be  a  uniform 
llrnc€  the  greenness  of  shoa)  water.  You  go  to  bed  with  the 
•  around  you.  You  rise  in  the  morning  and  find  it  a 
:  \  and  yon  correctly  infer  that  you  are  crossing  the  bank 
undland.  Such  water  is  found  charged  with  fine  matter  in  a 
\  d  meoh^ical  suspension.  The  light  from  the  bottom  may  some- 
l^la  ptoy^  b<i-t  it  is  not  necessary.     A  storm  can  render  the 
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water  muddy  by  rendering  tlie  particles  too  numerous  and  gross. 
a  case  occurred  toward  the  close  of  my  visit  to  Niagara.     There  had 
been  rain  and  Btorm  in  the  npper-lako  regions,  and  the  quantity  of  sus- 
pended matter  brought  down  quite  extinguished  the  fascinating  \ 
of  the  Horseshoe, 

Kotbing  can  be  more  superb  than  the  green  of  the  Atlantic  wf 
when  the  circumstances  are  favorable  to  the  exhibition  of  the 
As  long  as  a  wave  remains  unbroken,  no  color  appears,  but,  when  the 
foam  just  doubles  over  tlie  crest  like  an  Alpine  snow-cornice,  under 
the  cornice  we  often  see  a  display  of  the  most  exquisite  green.  It  is 
metallic  in  its  brilliancy.  But  the  foam  is  necessary  to  its  production. 
The  foam  is  first  iMuminated,  and  it  scatters  the  light  in  all  direction 
the  light  which  passes  through  tlie  higher  portion  of  the  wave  aid 
reaches  the  eye,  and  gives  to  that  portion  its  matcMeBS  colon  TS^^- 
folding  of  the  wave,  producing,  as  it  does,  a  series  of  longitudinal  prth 
tubcrances  and  furrows,  which  act  like  cylindrical  lenses,  introduces 
variations  in  the  intensity  of  the  light,  and  materially  enhances 
beaety. 

We  have  now  to  consider  the  genesis  and  proximate  destiny  ( 
the  Falls  of  Niagara.  We  may  open  our  way  to  this  subject  by  a  fo^ 
preliminary  remarks  upon  erosion.  Time  and  intensity  are  the  main 
factors  of  geologic  change,  and  they  are  in  a  certain  sense  convertible. 
A  feeble  force,  acting  through  long  periods,  and  an  intense  force,  act^ 
ing  through  short  ones,  may  produce,  approximately,  the  same  result! 
Here,  for  example,  are  some  stones  kindly  lent  to  me  by  Dr.  Hookofl 
The  first  examples  of  the  kind  were  picked  up  by  Mr.  Hackworth 
the  shores  of  LyelFs  Bay,  near  Wellington,  in  Xew  Zealand,  a-^ 
scribed  by  Mr,  Travcrs  in  the  Transactions  of  the  New  Zealand  i 
tttto.  Unacquainted  with  their  origin,  yon  would  certainly  aserib€ 
their  forms  to  human  workmanship.  They  resemble  flint  knives  and 
spear-heads,  being  apparently  chiselled  otV  into  facets  with  as  much 
attention  to  symmetry  as  if  a  tool  guided  by  liuman  intelligence  hud 
passed  over  them.  But  no  human  instrument  has  been  brought  to 
bear  upon  these  stones.  They  have  been  wrought  into  their  prt'sient 
shape  by  the  wind-blown  sand  of  LyelFs  Bay,  Two  winds  are  domi* 
nant  here,  and  they  in  succession  urged  tlie  sand  against  opposiU 
sides  of  the  stone  ;  every  little  particle  of  sand  chipped  away  its  infiai- 
tesimal  bit  of  stone,  and  in  the  end  sculptured  these  singular  forta&^ 

'  **  These  stones,  which  have  n  strong  reflcmbliiscc  to  works  of  human  &rt,  i 
great  abyndonce,  Kiid  of  variouH  iizea,  from  half  an  meh  to  several  itich<»  In  ki^gfiL  ^ 
]&rgo  cumber  were  exhibited,  showing  the  varioiia  forms,  wliich  are  those  of  i 
IcnWea,  arrow-head^,  etc.,  and  al]  with  sharp  cutting  edges. 

"  Mr*  Trarora  expMncd  that^  notwltb? landing  their  artificial  appcanuicc,  the^  i 
were  formed  by  the  cuttltig  action  of  the  wind -driven  sand,  as  it  passed  to  and  fhi  i 
an  exposed  t>owMer-bank.    He  gare  a  minute  account  of  the  manner  in  which  the 
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r  You  know  that  the  Sphinx  of  Egypt  is  nearly  coyered  np  by  tLc 

Ind  of  the  desert.     The  neck  of  the  Sphinx  is  partly  cut  across,  not, 

m  I  am  assured  by  Mr.  Huxley,  by  ordinary  weathering,  but  by  the 

Ibdmg  action  of  the  fine  sand  blown  against  it.     In  tbe^e  cases  Na- 

■re  furnishes  us  with  hints  which  may  be  taken  advantage  of  in  art ; 

Bd  this  action  of  sand  has  been  recently  turned  to  extraordinary  ac- 

fcunt  in  the  United  States.     Wlicn  in  Boston,  I  was  taken  by  Mr.  Jo- 

|kh  Quincy  to  see  the  action  of  tho   Bmid-hlasL     A  kind  of  hopper 

lontalning  fine  silicious  sand  was  connected  with  a  reserToir  of  eom- 

ftessed  air,  the  pressure  being  variable  at  pleasure.    The  hopper  ended 

9d  a  long  slit,  from  which  the  sand  was  blown.     A  plate  of  glass  was 

fclaced  beneath  this  slit,  and  caused  to  pass  slowly  under  it  j  it  came 

Finl  perfectly  depolished,  with  a  bright  opalescent  glimmer,  such  as 

I  ^mld  only  be  produced  by  the  most  careful  grinding.     Every  little 

panicle  of  sand  urged  against  the  glass,  having  all  its  energy  con- 

^Dtrated  on  the  point  of  impact,  formed  there  a  little  pit,  the  depol- 

Wed  surface  consisting  of  innumerable  hollows  of  this  descriptioD. 

Bttt  this  'was  not  all.     By  protecting  certain  portions  of  the  smface, 

and  exposing  others,  figures  and  tracery  of  any  required  fonn  could 

fce  etched  upon  the  glass.     Tlie  figures  of  open  iron-work  could  be 

Ikua  copied,  while  wire  gauze  placed  over  the  glass  produced  a  rcticu- 

hted  pattern.      But  it  required  no  sucli  resisting  substance  as  iron 

[to  Bibelter  the  glass.    The  patterns  of  the  finest  lace  could  be  thus  re- 

■nlaeedy  the  delicate  filaments  of  the  lace  itself  ofiTering  a  sufficient 

iPnielion. 

All  these  ejects  have  been  obtained  with  a  simple  model  of  the 
lliid*blast  devised  for  me  by  my  assistant.     A  fraction  of  a  minute 
to  etch  upon  glass  a  rich  and  beautiful  lace  pattern*     Any 
ance  may  be  employed  to  protect  the  glass.     By  imme- 

. ing  the  shock  of  the  particle,  such  substances  practically 

Aailroy  the  local  erosive  power.  The  band  can  bear  without  incon- 
V    '  ^nd-shower  which  w€#uld  pulverize  glass.     Etchings  exe- 

<  -J  with  suitable  kinds  of  ink,  are  accurately  worked  ont 

pr  the  »aiid*b1ast.  In  fact,  within  certain  limits,  the  harder  the  sur- 
■ifc  the  greater  is  the  concentration  of  the  sliock,  and  the  more 
HRiuiI  is  the  erosion.  It  is  not  necessary  that  the  sand  should  be 
K  barder  substance  of  the  two;  corundum,  for  example,  is  much 
kl€er  than  quartz  j  still,  quartz-sand  con  not  only  dcpolish,  but  act 
pDybloff  a  hole  through  a  plate  of  corundum,     Nay,  glass  may  be 

H  If  form  arc  produced,  and  referred  to  t!ic  effect  wbieh  the  erosive  aetion  thua  indi- 
wAwA  vonld  bare  on  railway  and  other  works  executed  on  atindy  tract-?, 
f    *  T>f  ITr^ot  rtated  thftt,  although,  as  a  group^  the  spccimctis  on  Ihc  table  could  not 
*  ikcn  for  artificial  prodnctlotJi^  stUl  ihe  forms  arc  8<^  peculiar,  and  the  edfjo?^ 

I  *■  '  -  than,  »n  pfrfrrt,  that,  If  they  were  dtscorcrcd  as&ocmtcd  with  huniaB  works, 
^Bii  so  doubt  'onld  have  been  referred  to  tho  eo-called*  Etone  pcnod.'*' — 

^^Ml/r«m  l/»  /  fAf  Wdlint^  FhthsopMcal  Sot^ehj,  February  U,  1669. 


2SJ  THE  POPULAR  SCIENCE  MONTHLY, 


1 


tlepolishccl  by  the  imiiact  of  fine  shot ;  the  lead  in  this  ease  b; 
tbe  glass  before  it  lias  time  to  flatten  and  turn  its  energy  into  beat. 

And  bci'e,  in  passing,  we  may  tie  togetber  one  or  two  apparenUy 
unrelated  facts.  Supposing  you  turn  on,  at  the  lower  part  of  this 
boQse,  a  cock  whicli  is  fed  by  a  pipe  from  a  cistern  at  the  top  of  the 
bouse,  tbe  column  of  water,  from  tbe  cistern  downward,  i&  set  in  mo- 
tion. By  taming  off  tbe  cock,  this  motion  is  stopped  ;  and,  when  the 
turning  off  is  very  sudden,  tbe  pipe,  if  not  strong,  may  be  burst  by 
the  intoraal  impact  of  the  w^aten  By  distributing  tbe  turning  of  the 
cock  over  half  a  second  of  time,  the  shock  and  danger  of  rupture 
bo  entirely  avoided.  We  have  here  an  example  of  tbe  concentrati 
of  energy  in  ft'me.  The  gand-blast  lllustratea  the  concentration  of 
ergy  in  «p<ice.  The  action  of  flint  and  steel  is  an  illustration  of  the 
tame  principle,  Tbe  heat  required  to  generate  tbe  spark  is  intense, 
and  the  mechanical  action,  being  moderate,  must,  to  produce  fire^be  in 
the  bicjhest  degree  concentrated.  This  concentration  is  secured  by 
tbo  collision  of  hard  substances.  Calc-spar  will  not  supply  the  pliied 
of  flint,  nor  lead  the  place  of  steel,  in  the  production  of  fire  by  colUsioo* 
With  tbe  softer  substances,  tbe  total  heat  produced  may  be  greater 
than  with  tbe  hard  ones,  but,  to  produce  the  sparky  the  heat  must  be 
intensely  locxjiized. 

But  we  can  go  far  beyond  the  mere  depolishing  of  glass ;  inclee^t 
I  have  already  said  that  quartz-sand  can  wear  a  hole  through  eomih 
dum.  This  leads  me  to  express  my  acknowledgments  to  GenenI 
Tilghman,*  who  is  the  inventor  of  the  sand-blast.  To  bis  sponta* 
neoua  kindness  I  am  indebted  for  these  beautiful  illustrations  of  Lis 
process.  In  this  plate  of  glass  you  find  a  figure  worked  oat  to  t 
depth  of  f  of  an  inch.  Here  is  a  second  plate  J  of  an  inch  thick,  en- 
tirely perforated.  Here,  again,  is  a  circular  plate  of  marble,  nearly 
half  an  inch  thick,  through  which  open-work  of  the  most  intricate  and 
elaborate  description  has  been  executed.  It  would  probably  nJce 
tDany  days  to  perform  this  work  by  any  ordinary  proeegs ;  with  tkf 
04uid-bla8t  it  was  accomplished  in  an  hour.  So  much  for  the  strength 
of  the  blast ;  its  delicacy  is  illustrated  by  this  beautiful  example  of 
Une-engravingy  etched  on  glass  by  means  of  the  blast. 

This  power  of  eroaion,  so  strikingly  displayed  when  sand  is  urgci 
by  air,  will  render  yon  better  able  to  conceive  its  action  when  urged 
by  watt^r.  Tbo  erostve  power  of  a  river  is  vastly  augmented  by  tbe 
solid  matter  carried  along  with  it.     Sand  or  pebbles  caught  in  a  rivei* 


^1kAalMact«nipov«r,iriMjnetlMphna^cxertedbjtbeliidtistml  ifUk«i 
UatM  Slates,  k  DMrdbif  i&«ilimted  hj  the  npid  timnsfer  of  dmvi  like  Mr.  TUgtasa  hm. 
Il«  Ui^  of  tlw  eddkr  to  tha  ^f  the  ciTtHan.  Generftl  Mcadko,  now  n  civil  n^atti, 
^hfim  I  iMd  IIm  faoBoroC  fWqoentlj  iwetiog  la  New  York,  b  •  iDOst  cmlneiil  esinplfe 
oCtatMitklid.  atllie««4eriatw«r,iB4eed,eiidlBoii«idabairoraieiiwer«ib« 
4nvaiiaaBaclQoiihii^ihoittiM,fiiiBnufil>f7ioeif9Bfe.  II  k  oMon  Aat  t  b»» 
Ita  viih  ih«M  mteoka  ctt  hATe  M  deeire  for  var 
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Tortex  can  Trcar  away  the  liardest  rock ;  *'  pot-lioles  *'  and  deep  cylin- 
~  leal  shafts  being  tlms  produced.  An  extraordinary  instance  of  this 
id  of  erosion  is  to  be  seen  in  the  Val  Toumanche,  above  the  village 
this  name*  The  gorge  at  Handeck  has  been  thus  cut  out.  Such 
ter-falls  were  once  frequent  in  the  valleys  of  Switzerland ;  for  hardly 
y  valley  is  without  one  or  more  transverse  barriers  of  rcsigtion^  ma- 
il, orer  which  the  river  flowing  through  the  valley  once  fell  aa  a 
itaract,  Kcar  Pontresiua,  in  the  Engadine,  there  is  such  a  case^  the 
'd  gneiss  being  now  worn  away  to  form  a  gorge  through  which  the 
'er&om  the  Morteratsch  Glacier  rushes.  The  barrier  of  the  Kirchet, 
re  Meyringen,  is  also  a  case  in  point.  Behind  it  was  a  lake,  de- 
finoic  the  glacier  of  the  Aar,  and  over  the  barrier  the  lake  poured 
exiocsfl  of  water*  Here  the  rock,  being  limestone,  was  in  great  part 
dyed,  but,  added  to  this,  we  had  the  action  of  the  solid  particles 
along  by  the  water,  each  of  which,  as  it  struck  the  rock, 
^^ped  it  away  like  the  particles  of  the  sand-blast.  Thus,  by  solution 
nd  xneehanieal  erosion,  the  great  chasm  of  the  Fenstcraarschlucht  was 
tinned.  It  is  demonstrable  that  the  water  which  flows  at  the  bottoms 
«Ciitcb  dc^p  fissures  once  flowed  at  the  level  of  what  is  now  their 
«%««,  and  tumbled  down  the  lower  faces  of  the  barriers.  Almost 
ttery  ralley  in  Switzerland  fnrnishes  examples  of  this  kind  ;  the  un- 
Unmble  hypothesis  of  earthquakes,  once  so  readily  resorted  to  in  ac- 
nutting  for  these  gorges,  being  now,  for  the  most  part,  abandoned. 
Ti»  prodaoe  the  canons  of  Western  America,  no  other  can'se  is  needed 
the  Integration  of  efliBcts  individually  infioitesimal 
jid  now  we  come  to  Niagara,  Soon  after  Europeans  had  taken 
in  of  the  country,  the  conviction  appears  to  have  arisen  that 
ideep  channel  of  the  river  Niagara  beluw  the  FallH  had  been  exca- 
tHirf  by  the  cataract.  In  Mr.  Bakewell's  **  Introduction  to  Geology," 
|irc%*»lence  of  this  belief  has  been  referred  to :  it  is  expressed  thus 
Pfof  Joseph  Henry  in  the  Transactions  of  the  Albany  Insti- 
In  viewing  the  position  of  the  Falls,  and  the  features  of  the 
round,  it  is  impossible  not  to  be  impressed  with  the  idea  that 
ftii  great  natural  race-way  has  been  formed  by  the  continued  action 
rf  liitf  irresistible  Niagara,  and  that  the  Fallrf,  beginuing  at  Lewiston, 
?,  in  ibe  coarse  of  ages,  worn  back  the  rocky  strata  to  their  pres- 
The  same  view  is  advocated  by  Mr.  Hall,  by  Sir  Charles 
by  M.  Agassis,  by  Pro£  Ramsay — indeed,  by  almost  all  of  those 
e  inspected  the  place, 

nj age  of  the  origin  and  progress  of  the  fall  is  easily 

ng  northward  from  the  village  of  Niagara  Falls  by 

nJe  of  the  river^  we  have,  to  our  left,  the  deep  and  comparatively 

iiTi  '  II  which  the  Niagara  flows.     The  bounding  clifls 

i  tl  I  aoo  to  350  feet  high.     Wo  reach  the  whirlpool, 

1^  the  northeast,  aad,  after  a  little  time,  gradually  resume  our 

*  Quoted  by  BakowcU. 
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northward  course.  Finally,  at  about  eeven  miles  from  the 
Falls,  we  como  to  the  edge  of  n  declivity  which  informs  ue  i 
have  been  hitherto  walking^  on  trible-laud.  At  some  hundreds 
below  us  is  a  comparatively  level  plain,  which  stretches  to  Lake  Off 
tario.  Tiie  declivity  marks  the  end  of  the  precipitous  gorge  of  the 
Niagara,  Here  the  river  escapes  from  its  steep,  mural  boundaries, 
and,  in  a  widened  bed,  pursues  its  way  to  the  lake,  which  finally  re- 
ceives its  waters. 

The  fact  that,  in  historic  time?,  even  within  the  memory  of  man, 
the  fall  has  sensibly  receded,  prompts  the  question,  How  far  has  tlus 
recession  gone  ?  At  what  point  did  the  ledge  which  thus  continuaUj 
creeps  backward  begin  its  retrograde  course  ?  To  minds  <lisciplined 
in  such  researches  the  answer  has  been,  and  will  be,  at  the  precipitou* 
declivity  whicli  crossed  t!ie  Niagara  from  Lew  is  ton,  on  the  Ameri* 
to  Queen  St  own,  on  the  Canadian  side.  Over  this  transverse  barrier 
united  affluents  of  all  the  upper  lakes  once  poured  their  waters, 
here  the  work  of  erosion  befran.  The  dam,  moreover,  was  demoa- 
strably  of  sufficient  height  to  cause  the  river  above  it  to  submerge 
Goat  Island ;  and  this  would  perfectly  account  for  the  finding  by  Mr. 
Hall,  Sir  Charles  Lyell,  and  others,  in  the  sand  and  gravel  of  the  isl- 
and, the  same  fluviatile  shells  as  arc  now  found  in  the  Niagara  lUvtr 
higher  up.  It  would  also  account  for  those  deposits  along  the  si 
of  the  river,  the  discovery  of  which  enabled  Lyell,  Hall,  and 
to  reduce  to  demonstration  the  popular  belief  that  the  Niagara 
flowed  through  a  shallow  vaUey, 

The  physics  of  the  problem  of  excavation,  which  I  made  clear 
my  mind  before  quitting  Niagara,  are  revealed  by  a  close  inspecti^ 
of  the  present  Horseshoe  Fall.     Here  we  see  evidently  that  the  i 
est  weight  of  water  bends  over  the  very  apex  of  the  norseshoe. 
passage  in  his  excellent  chapter  on  Niagara  Falls,  Mr*  Hall  alludes  to 
this  fact.    Here  we  have  the  most  copious  and  the  most  violent  whirl- 
iug  of  the  shattered  liquid ;  here  the  most  powerful   eddies  r< cnl 
against  tbe  shale.     From  this  portion  of  the  fall,  indeed,  tbe  Sfny 
sometimes  rises,  without  solution  of  continuity,  to  the  region  of  cloudfi, 
becoming  gradually  mofe  attenuated,  and  passing  finally  through  the 
condition  of  true  cloud  into  invisible  vapor,  which  is  sometimes  r 
cipitated  higher  up.     All  the  phenomena  point  distinctly  to  the  <> 
of  the  nver  as  the  place  of  greatest  mechanical  energy^  and  from  thi 
centre  the  vigor  of  the  fidl  gradually  dies  away  toward  the  sides.   T 
horseslioe  form,  with  the  concavity  facing  downward,  is  an  oU 
and  necessary  consequence  of  this  action.     Right  along  the  middle  <rf  • 
the  river  the  apex  of  the  curve  pushes  its  way  backward,  cutting  aloof  ^ 
the  centre  a  deep  and  comparatively  narrow  groove,  and  draining  At 
flidea  as  it  passes  thenu'    Hence  the  remarkable  discrepancy  betw* 
^  the  widths  of  the  Niagara  above  and  below  the  Horseshoe.    All  ali 
'  In  the  dtsooiir5«  ibis  teUoo  was  fnuslnted  bt  «  model 
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^Hnirse,  from  LewistoD  Heights  to  its  present  position,  the  form  of 
^^B|teds  probably  that  of  a  horseslioe  ;  for  this  is  mertJy  the  expres- 
I^^^^Bl^  greater  depth,  and  consequeDtly  greater  excavating  power, 
m  the  centre  of  the  river*  Tlie  gorge,  moreover,  varies  in  width  as 
pile  depth  of  the  centre  of  the  ancient  river  varied,  being  narrowest 
hrhere  that  depth  was  greatest. 

I  The  va&t  comparative  erosive  energy  of  the  Horseshoe  Fall  comes 
'iinkiDgtv  into  view  when  it  and  the  American  Fall  are  compared  to- 
gi?ther.  Tlie  American  branch  of  the  npper  river  ss  cut  at  a  right 
Llii^  by  the  gorge  of  the  Niagara^  Here  tlie  Horseshoe  Fall  was  the 
ll«llexo»Tator.  It  cut  the  rock,  and  formed  the  precipice  over  which 
I  the  American  Fall  tumbles*  But,  since  its  formation,  the  erosive  action 
I  of  the  American  Fall  has  been  almost  wt7,  while  the  Horseshoe  has  cwt 
I  iuray  for  500  yards  across  the  end  of  Goat  Island,  and  is  now  doub- 
I  liag  hack  to  excavate  a  channel  parallel  to  the  length  of  the  island, 
I  Thii  pointy  I  have  just  learned,  has  not  escaped  the  acute  observation 
I  rf  Pml  KamsayJ  The  river  above  the  fall  bends,  and  the  Horse- 
I  tlwK  I tely  accommodates  itself  to  the  bending,  following  im- 

Iplitii  _  iirection  of  the  deepest  water  in  the  upper  stream.     The 

I  Imhility  of  the  gorge,  if  I  may  use  the  term,  is  determined  by  the 
I  l«xibilicy  of  the  river-channel  above  it*  Were  the  Niagara  above  the 
iJiUfar  more  sinuous  than  it  is,  the  gorge  w'ould  obediently  follow  its 
liiBiOfitiea,  Once  suggested,  no  doubt  geographers  will  be  able  to 
Ipoiiitaui  many  examples  of  this  action.  The  Zambesi  is  thought  to 
IjRfent  A  great  difficulty  to  the  erosion  theory,  becansc  of  the  siouosity 
■if  tiie  chasm  below  the  Victoria  Falls.  But,  had  the  river  been  ex- 
lined  before  the  formation  of  this  sinuous  channel,  the  present  zigzag 
Morse  of  the  gorge  below  the  fall  could,  I  am  persuaded,  have  been 
hftdietetl,  while  the  sounding  of  the  present  river  would  enable  us  to 
nttiBct  the  course  to  be  pursued  by  the  erosion  in  the  future. 
I  But,  Dot  only  has  the  Niagara  River  cut  the  gorge,  it  has  carried 
iMny  iho  chips  of  its  own  workshop.  The  shale  being  probably  crum- 
hhd,  i«  lajiily  carried  away.  But  at  the  base  of  the  fall  we  tiiid  the 
hgie  bowlders  already  described,  and  by  some  means  or  other  these 
pM  rr«.*-.ved  down  the  river.  The  ice  which  fills  the  gorge  in  winter, 
[  ij  grapples  with  the  bowlders,  has  been  regarded  as  the  trans* 

Btfu|j(«at»  Probably  it  is  so  to  some  extent.  But  erosion  acts 
BiPhi*  Pf1M>!il^  on  the  abutting  points  of  the  bowldei^,  thus  with- 
HwiBg  their  support,  and  urging  them  gradually  down  the  river. 
Bhirtirm  alfo  does  its  portion  of  the  work.  That  solid  matter  is  car- 
w  111  dovn  ifl  proved  by  the  difference  of  depth  betw^ecn  the  Niagara 
^Hto  acid  Lake  Ontario,  where  the  river  enters  it.     The  depth  falls 

^^^b  «»t4«  irr :  **  Wh*!rc  the  body  of  water  U  tmiM  In  the  ATnerican  Fall,  the  edge 
^^M{|  fvoittcil  a  ftw  jards  (where  most  eroded)  during  the  time  thut  the  Caraadian  Fall 
^^^■kM  h^m  tS^  BoiiJi  comer  of  Ooot  Island  to  the  uiDcrmost  curve  of  the  IXorsc^ 
^HtiD.'*^<^»av«rrl^  /awmu/  o/  the  Qtolo^kat  SociHtf^  May,  1 8&9. 
^^B  Toc  m. — IS 
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from  72  feet  to  20  feet,  in  consequeuee  of  the  deposition  of  solid  i 
ter  caused  by  the  diminished  motion  of  the  river/ 

In  conclusion,  we  may  say  a  word  regarding  the  proximate 
of  Niagara.  At  the  date  of  excavation  assigned  to  it  by  Sir  Chftdl 
Lyell,  namely,  a  loot  a  year,  five  thousand  years  will  carry  tLe  Hon 
shoe  Full  far  higher  than  Goat  Island.  As  the  gorge  recedes,  it  v 
drain,  as  it  has  hitherto  done,  the  banks  right  and  left  of  it,  thus  lei 
ing  a  nearly  level  terrace  between  Goat  Island  and  the  edge  of  tl 
gorge.  Higher  up  it  will  totally  drain  the  American  branch  of  4 
river,  the  channel  of  which  in  due  time  will  become  cultivable  \uLi 
The  American  Fall  will  then  be  transformed  into  a  dry  precipice,  foiil 
ing  a  simple  continuation  of  the  cliffy  boundary  of  the  Niagara,  A 
the  place  occupied  by  the  fall  at  this  moment  we  shall  have  the  goiji 
enclosing  a  right  angle,  a  second  whirlpool  being  the  eonsequenee  d 
this.  To  those  who  visit  Niagara  five  millenniums  hence,  I  leave  tlM 
veritlcatton  of  this  prediction ;  for  my  own  part,  I  have  a  profowoJ 
persnasion  that  it  will  prove  literally  true. 


STATE  GEOLOGICAL  SlIRYETS. 

By  P«oy.  ALBERT  R.  LEEDS, 

Of  TB*  tTBTEN*  lJf8TtTtrT»  Of  TXCttKOlOaT. 


A  STRENUOUS  effort  is  being  made  at  the  present  time  toi 
ganizo  the  Geological  Survey  of  Pennsylvania,     It  pi-onda 
bo  successfuL   The  legislators  of  that  State,  in  voting  upon  the  i 
will  be  mainly  influenced  by  considerations  relating  to  tl 
value  of  a  geological  survey  in  locating  beds  of  ex)iil,  b^.  at^ 

rials,  and  ores.  But  the  educated  public  will  desire  to  know,  in  addi 
tion  to  these  matters,  wliat  influence  such  a  geological  survey  «9 
have  upon  the  intellectual  activity  of  the  community  at  large,  and  boi 
great  an  amount  of  scientific  bustle  it  will  create  in  the  muse4iin9  ntil 
laboratories  of  institutions  of  learning. 

A  very  satisfactory  answer  can  be  given  to  the  first  of  thai 
qneries,  after  reviewing  the  scientific  periodicals  and  joomals  al 
learned  societies  in  this  country,  during  the  last  half-centui-y-  II  w!l 
be  seen  ttiat  the  desultory  descriptions  of  plants,  birds,  and  iXm  ci 
temal  characters  of  minerals,  which  constituted  a  large  portion  of  th 
scientific  literature  at  the  heijinnlng  of  this  period,  gave  pb 
laborious  analyses,  and  to  elaborate  articles  on  geological  pheaa 
Many  of  the  most  valuable  contributions  to  science  during  this  < 
consisted  in  reports  of  the  geological  surveys  then  in  progreaay-^ 

*  Near  tlio  moutb  of  the  gorge  at  Queen stown,  tlic  depth,  according  to  Che  AA 
Ctart,  18  180  feet ;  wcU  within  the  gorge  it  la  132  feet 
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BUg^tioDS  coDnectod  with  and  growing  out  of  them.  Much  of  the 
Bl  talent  of  the  time  was  engaged  upon  tljeee  stupendous  labors,  and 
^hjjj^  the  eminent  chiefs  were  gathered  bands  of  enterprising  etiu 
^^Birhose  methods  of  scientific  work  were  formed  beneath  the  eyes 
^^Satens*  The  assistants  of  earlier  surveys  are  the  directors  of  those 
^p  in  progress,  and  the  crude  sketches  of  former  times  are  replaced 
B  huge  Tolumcs  filled  witb  exhaustive  details  and  magnificent  gen* 

^  -  ■  .vA  has  been  the  work  accomplished,  the  question  may  never- 
^■Mpbe  asked,  whether  the  State  geological  surveys  are,  or  have 
^H^rgonized  in  such  a  manner  as  to  exert  the  greatest  possible  in- 
Hiocc  upon  the  scientific  progress  of  their  respective  States,  As  here- 
Hhb  «  ;'ed,  they  have  consisted  of  a  director  and  a  number  of 

HBllr.    ,        J  have  drawn  their  salaries  and  prosecuted  their  labors 
Hiil  the  State  appropriations  have  been  exhausted.   In  some  instances 
Hb  work  of  the  assistants  has  been  appropriated  by  the  director  in 
Hrb  a  manner  that  the  geological  survey  has  appeared  to  the  public 
tb  be  eutirely  representx^d  in  the  person  of  its  presiding  officer.   Graut- 
iag  lliat  this  officer  is  better  q\mljfied  than  any  one  else,  it  is  evident, 
MTETtbelese,  that  a  geological  bureau,  thus  constituted,  must  reject  a 
krge  part  of  the  available  talent  of  a  State.     Still  worse,  by  taking 
f^n^moQ  of  the  field,  and  by  closing  the  columns  of  the  report  to  all 
tat  the  paid  officials  of  the  survey,  many  whose  labors  might  be  of 
ttluc  are  rendered  indifferent  or  hostile  to  the  work,     A  bureau 
tm  the  manner  above  described  is  ]>roper  enough  in  the  survey 
Ferntories  still  largely  occupied  by  Indians,  but  it  is  by  no  means 
to  the  condition  or  needs  of  a  densely-popxUated  State,     When 
i  flourishing  colleges  exist  within  the  boundaries  of  a  State,  is 
that  a  general  geological  surv^ey  should  be  made  in  such  a 
*«8  tQ  apportion  little  if  any  of  its  work  specifically  to  them? 
^    ey  50  constituted  tends  to  encourage  a  dissposition,  unfortunately 
B^Br  among  our  collegiate  profeBSors,  to  regard  their 

^^Bt^  ^  ,  rmcd  when  the  labor  of  teaching  is  accomplished. 
BtJShr  dmya  ago  an  eminent  civil  engineer,  who  in  bis  momeiits  of  Iti- 
kw  limt  collected  one  of  the  finest  cabinets  of  minerals  in  this  country 
^B  ttttmade  liimfielf  a  pi'actised  mineralogist,  complained  that,  after 
^kty  ycart  of  disappointments,  he  had  grown  wenricd  of  eending 
^pbtful  9peeimens  to  professors  in  colleges  for  determination,  and 
^keeiviiig  no  answers  after  the  lapse  of  many  months.  As  a  final 
^■rt^  hit  \mM  determined  new  species  himself,  and  had  the  chemical 
HWp  perfofmed  by  a  hard-worked  chemist  in  a  mauufacturiug 
^^HbaMai.  A  large  part  of  the  work  of  a  geological  survey  should 
^^l^pied  to  the  colleges  in  a  State,  and  should  be  voluutarily  per- 
^b«d  by  llieir  professors.  Every  State  from  Maine  to  Florida  should 
^^HAdod  up  into  collegiate  districts,  the  scientific  development  of 
^PV«botdd  be  more  immediately  under  the  care  of  the  particular 
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college  in  the  midst  of  each,   Tliore  is  no  reason  why  a  system  of  joint 
effort,  which  from  time  immemorial  has  accomplished  euch  wonderful 
things  for  religion  and  social  order,  should  not  be  equally  efficacious  in 
scientific  matters,     A  feeling  of  honorable  pride  should  induce  the  of* 
fieers  and  studeBts  of  each  institution  to  illustrate  the  flora  and  fauna, 
the  mineralogy  and  geology  of  its  collegiate  district,  more  perfectly 
than  any  stranger  could.     Tlie  amount  of  intellectual  labor  which  ii 
utilized,  and  the  number  of  valuable  data  collected  each  year,  form 
but  a  small  proportion  of  what  is  annually  lost  to  the  commanity 
throngh  lack  of  organized  effort.     In  a  tersely-written  letter  to  th€ 
Governor  of  Pennsylvania,  urging  the  need  of  a  new  survey,  ProC 
Lesley  says :  "  A  most  important  function  of  a  geological  survey  is,  to 
preserve  knowledge  for  future  use.     Science  is  cumulative.     It  makes 
slow  and  painful  advances.     It  is  obliged  to  collect  an  abmidance  of 
facts  before  it  comes  to  true  conclusions.     Pennsylvania  has  lost  eno^ 
monsly  during  the  last  twenty  years  by  having  oo  bureau  of  statistics, 
no  corps  of  observation  and  publication,  to  observe  and  preserve^  col- 
late and  relate,  the  facts  of  its  geology  and  mineralogy,  as  they  have 
successively  made  their  appearance.     No  commonwealth  can  afford  to 
be  without  such  an  apparatus  for  preserving  from  loss  and  forgetfal- 
ness  the  discoveries  and  investigations  of  private  persons,  even  for  out 
single  year  of  its  existence.    Thousands  of  most  valuable  facts  hvm 
been  lost  to  us,  during  an  interval,  which  cannot  be  recovered.     How 
many  openings  on  coal-veins  are  now  covered  up,  no  one  being  able  to 
give  any  reliable   information   about   them.      Twenty   thousand  oit 
borings  have  been  made,  and  not  one  hundred  of  thein  are  on  recordi 
if  discoverable.     Hundreds  of  gangways  have  been  driven  and  abAB»  • 
doned,  and  cannot  now  be  studied,  many  of  which  would  disclose  ihl 
nature  of  faults  and  disturbances  which  affect  neighboring  properti«% 
and  overlying  and  underlying  beds  not  yet  worked,  where  certaift 
knowledge  is  preserved  to  govern  the  future  mining-engineer  in  hb 
plans  for  getting  at  the  mineral     lie  must  work  as  completely  ju  ihf 
dark  as  if  his  knowledge  had  never  been  got,  and  often  paid  for  at  i 
minoua  expense.     The  sooner  a  geological  survey  iB  established^  thi 
Abetter  for  the  future  interests  of  the  State,  as  well  as  for  its  present 
necessities.'*     At  the  height  of  the  oil-fever  in  Pennsylvania^  appreda^J 
ing  the  wonderful  opportunity  which  the  sinking  of  innumerable  \\S 
afforded  for  obtaining  complete  geological  sections  of  a  vast  u 
spent  a  long  time  in  endeavoring  to  obtain  from  the  superinteuacnus 
engaged  in  boring,  by  personally  visiting  hundreds  of  wells  in  snrrff— 
sion,  the  records  of  their  work,  aiid  specimens  of  the  penetrated  - 
Printed  circulars,  aakiiig  for  copies  of  such  records  in  the  intere>i3  v* 
science,  wore  sent  to  the  secretary  of  every  oil-company  within  Ottl 
knowledge.     Partly  from  the  disgUBting  greed  which  possessed  tM 
oil-speculators  to  the  exclusion  of  every  higher  feeling,  and  partlj 
from  an  insane  dread  that  the  possession  of  such  knowled^^e  would  1 
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itofr  an  inbUible  tallgman  for  striking  oil,  these  attempts  were  in  but 
half  a  doz€n  instances  successful  Is  it  wonderful  that  such  crass 
ignorance  sbould  have  entailed  ruin  upon  thousands  ?  Nothing  but 
Uid  pablication  of  exhaustive  geglogioal  reports,  continued  year  after 
ftr,  and  printed  both  in  full  and  Bummariaed  into  short  popular 
as,  can  save  the  community  at  large  from  the  repetition  of  similar 
Liea.  One  single  mining-fever  costs  the  State  more  than  all  the  ap- 
dpriations  needed  to  discover  and  universally  difluse  the  truths  of 
geology.  The  ignorance  spoken  of  above  finds  a  parallel  only  in  the 
metbods  which  were  pursued  in  treating  the  crude  petroleum  after  it 
I  been  sent  to  market*  The  director  of  the  principal  chemical  man- 
ctory  in  Western  Pennsylvania  informed  the  writer  that  they  first 
pied  to  refine  crude  petroleum  by  throwing  hundreds  of  pounds 
;amot  and  other  perfumes  int43  it^  to  take  away  the  smell.  If 
kinder  fiays  that  this  story  is  incredible,  I  can  only  repeat,  *^  Yes, 
I  incredible,** 

It  may  be  urged  that  few  men  are  placed  in  such  positions,  or  pro- 
Irf  with  such  appliances,  or  possessed  of  sufficient  leisure,  to  con- 
bate  any  thing  of  value  to  the  general  stock  of  geological  knowl- 
But  there  are  hundreds  who  would  shrink  from  publishing  a 
ty  article  or  reading  a  paper  before  a  learned  body,  and  yet*  are 
\  reasoners  and  accurate  observers,  and  whose  abilities  could  be 
f  available  by  a  good  system  of  collecting  and  collating  their  frag- 
Btary  labors.     I  have  met  many  school-teachers  and  pastors  in 
erland  whose  parochial  duties  confined  them  to  obscure  valleys 
Bg  the  mountains,  and  who  still  had  found  time  to  collect  the  fos- 
pbmtdf  and  minerals,  of  their  poverty-stricken  hamlets,  and  to 
f  careful  maps  of  the  rock-strata.     They  did  so  for  two  reasons  : 
I  the  first  place,  the  topographical  map  of  General  Dufoiir,  on  a  scale 
1  to  100,000,  previously  accomplished  by  national  aid,  rendered  it 
lible  for  them  to  locate  their  observations  of  strata,  etc.,  with  pre- 
aad,  secondly,  because  their  contributions  were  utilized  by  the 
lessors  at  Zurich,  Bern,  Geneva,  and  elsewhere,  and  incorporated 
hbcir  published  geological  reports.    A  State  survey,  so  organized  as 
Maake  every  intelligent  school-teacher,  every  country-surveyor,  every 
rH  aad  mining  engineer,  chemist,  amateur  or  collector,  one  of  its 
Dg  corps,  would,  we  believe,  do  the  work  better,  more  cheaply, 
Iwitk  vastly  more  benefit  to  the  material  and  intellectual  prosperity 
ltll#  State,  than  any  present  organization.    This  would  be  a  school 
indeed,  unincumbered  by  the  dead  weight  of  expensive 
Idiogft,  whose  lalx>ratory  and  museum  would  cover  every 
t  foot  of  the  State's  surface* 
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H^and  Titalize  a  people;  and  the  purer  tbey  are,  tbe  more  they  aro 
TOrth  afi  factors  of  nationality. 

It  i*  worth  while  to  try  to  be  decent,  to  reform  bad  habits,  and 
Bplff  exposed  places  in  our  public  life;  for  the  best  is  the  longest- 

^Tbifl  isnot  very  now;  a  good  deal  of  such  preaching  was  wasted 
Hpn  the  Jews ;  but,  after  being  sickened  upon  the  doctrine  that  a  fall 
Pl temperature  produces  a  given  number  of  suicides,  and  that  morals 
kve  no  influence  in  civilization,  it  is  worth  the  cost  of  listening  to  a 
lermoiijto  get  back  again,  under  a  disciple  of  Darwin,  to  the  old  truth, 
tfedit  it  is  well  with  the  good,  and  ill  with  the  evil,  evermore  on  the 
earth* 

The  hopeful  aspect  given  to  change  in  national  life  by  Darwinian 
Politics  deserves  special  notice,  and  seems  timely. 

We  are  all  afraid  to  change — bom  conservatives;  and  we  all  tcant 

something  changed — born  radicals;  and  we  do  change.     All  human 

liierariea  incessantly;  the  now  generation  sees  life  in  new  aspects,  and 

t^Qices  in  other  colors.     The  variation  comes  in  constantly;  and  it  is 

rWt  safety.     Our  inborn  conservatism  would  kill  us  oiFif  the  variation 

B|  not  help  our  inborn  radicalism  in  the  else  unequal  fitmggle.     That 

Bi|4^,  like  tbe  bird  in  the  hand,  is  worth  two  reforms  in  the  bush, 

j^^^^Otest,     In  short,  nations  grow,  progress,  thrive,  through  the 

■  Inr  of  Tariation  from  inheritance. 

.    **One  af  the  greatest  pains  to  hnman  nature  is  the  pain  of  a  new 

iiia;^  the  consolation  is,  that  only  in  pain  docs  progress  get  birth, 

■Ifbit  iLd  things  born  are,  on  the  whole,  like  the  babies  of  any  year, 

^hIo  ttronger  and  better  than  the  things  which  die  to  give  them  room. 

^pis  Ibifi  so  because  the  moon  is  not  made  of  green  cheese,  but  be- 

^■i  a  beocfieent  law  underlies  human  existence.     The  exceptions  are 

^poims;  60  too  are  the  small  graves  at  Rose  llill,  and  yet  there  are 

Hpi  men  on  the  earth,  on  the  whole,  happier  than  their  ancestors, 

H^  ibcffB  wore  fifty  years  ago.     We  must  change ;  it  is  our  cowardice 

^■lislaBoe  that  makes  change  a  danger.     The  law  deals  generously 

Hta^lite  and  strength. 

HPIBciiriotiB  to  mark  bow  alowly  we  learn  some  of  these  simple  Ics- 
Ifit  A  ocntury  ago^  we  respected,  envied,  the  noble  savage.  The 
KlvPT   '■  '  "  ^re  was  semi-divine  to  first-rate  poets  and  states- 

^■^    'i  d  society,  and  longed  for  nakedness  in  the  woods. 

^Bli9t&me  men  kuew  that  one  Roman  soldier  had  ontmatched  fifty 
^■i^HbiUEijijiB  in  every  struggle,  and  that  noble  savages  fell  into  the 
^^BpliB  meanest  civilized  men  in  the  slave-trad e. 
^^Piifiuti  th  and  happiness*     Miss  Fragilla  may  not  get 

^■IliaAir  :.-  wants;  but  that  pain  is  easier  borne  than  the 

^■ittd  bclflaliing  '*  her  ancestor  got  at  her  age,  two  centuries  ago. 
^^may  not  Ijo  all  we  could  wish,  but  no  young  man  of  our  blood 
^Md  paif  her  by  for  a  Choctaw  princess. 
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The  lunction  of  liberty  in  politics  deeply  interests  us.  Its  power 
to  promote  healthful  chatigc  ia  obvious.  It  is  really  liberty,  willi  iu 
discussion,  its  free  thinking,  ami  free  speaking,  that  makes  good  poli- 
tics, Ca?sarism  is  a  thief,  robbing  free  times  of  their  ideas  and  social 
results*  It  can  live  just  as  long  as  the  loot  holds  out  \  but,  when  the 
stock  on  hand  is  exhausted,  free  men  must  be  set  to  producing  a  new 
crop, — Th^  Northwestern  Review, 


BARON  LIEBIG, 


JUSTUS  VON  LIEBIG,  the  famous  German  chemist,  who  died  at 
Munich,  April  18th,  was  boru  at  Darmstadt,  May  12, 1803,  Hav- 
ing graduated  from  the  gymiiasiura  of  Lis  native  place  at  the  %ge  of 
sixteen,  his  taste  for  the  study  of  natural  science  led  him  first  to 
a  situation  in  an  apothecary's  shop,  where  he  expected  to  have 
dant  opportunity  for  experiment  and  refiearch. 

After  six  months^  service  in  the  apothecary's  shop,  Liebig  set 
for  the  University  of  Bonn,  where  he  studied  for  a  while,  and 
went  to  Erlangen.  At  the  latter  university  he  attracted  notice  by  the 
seal  with  which  he  devoted  himself  to  the  study  of  chemistry,  and  he 
received  from  the  Grand-<luke  of  Hesse  a  "  travelling  stipend,'^  which 
enabled  him  to  spend  two  years  (1822-'24)  in  Paris.  There  he  had  the 
advantage  of  association  with  Alexander  von  Iluraboldt,  Gay-LuBsae, 
and  other  eminent  scientists.  During  his  stay  in  Paris  he  read  before 
the  Academy  of  Sciences  a  paper  on  "Fulminic  Acid''  which  at  onoe 
stamped  him  as  an  able  chemist.  Ho  was  then  only  twenly-ont 
years  of  age.  In  1824  he  was,  through  the  influence  of  Humboldli 
appointed  Adjunct  Professor  of  Chemistry  in  the  University  of  GioflMSi 
and  two  years  later  he  succeeded  to  the  full  dignity  of  professor,  Thi 
laboratory  'vvhich  he  establislied  at  G  lessen  was  the  bost-ap[>ointed 
school  of  chemistry  in  Germany,  and  thither  flocked  students  ft 
all  parts  of  Europe,  but  especially  from  England,  and  also  from 
country*  Leipsic  and  Gottingeu  set  up  chemical  laboratoricfl 
Liebig^s  model,  and  the  Giessen  school  became  a  kind  of  sciem 
focns,  a  centre  of  discovery,  whose  influence  was  felt  everywhere 

Prof.  Liebig  visited  England  in  1838,  attending  a  meeting  of 
British  AssociatioD  for  the  Advancement  of  Science.  lie  there  bi 
forward  the  discovery  made  by  his  associate,  Wohler,  of  a  pi 
for  obtaining  urea  artificially.  Tliis  announcement  of  the  first 
eessful  step  toward  the  sj^thesis  of  compounds  in  the  laboratdC^ 
which  had  been  supposed  producible  only  under  the  influence  of  ll»* 
mysterious  forces  of  life,  was  received  by  the  Association  with  pre^ 
found  interest.    At  the  urgent  request  of  the  AsBociation  he 
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Kwork  on  "OrgaDic  Chemistry,  m  its  Application  to  Agriculture" 
Mipiswick,  1840),  which  was  translated  into  most  European  lan- 
Mges,  and  had  an  enormous  circulation  Loth  in  Europe  and  America, 
A1845  he  received  from  his  sovereign  the  honor  of  an  hereditary  bar- 
wy.  Seven  years  later,  in  1852,  he  accepted  the  position  of  Professor 
rf  Chemistry  in  the  University  of  Munich,  and  director  of  the  chemical 
laboratory  of  that  eity. 

_  His  principal  works,  besides  those  already  mentioned,  are ;  **  Ani- 
Bll  Chemistry,  or  Chemistry  in  its  Applications  to  Physiology  and 
mhology^'  (1842);  and  "Familiar  Letters"  (1844),  which  brought 
his  views  on  applied  chemistry  before  a  very  wide  public,  in  a  style  so 
limple  and  popular  that  practical  agriculturists  could  understand  and 
profit  by  the  instruction  there  conveyed. 

In  1848  he  commenced  the  publication  of  his  ^^  Annaltn^^  or,  "  An- 
I  Report  of  the  Progress  of  Chemical  Science,"     He  published  his 
arches  on  the  Chemistry  of  Food"  in  1849.     His  '*  Dictionary 
t  Chemistry,'*  in  which  he  had  the  assistance  of  other  writers,  ap- 
ed in  parts  between  1837  and  1851. 

In  estimating  the  relation  of  Baron  Liebig  to  the  thought  of  Ms 
\  we  are  not  to  regard  him  as  simply  a  chemist ;  he  was  much  more 
was,  in  its  broadest  sensej  a  philosophical  chemist,  a  man  of 
i&ia*  Since  the  death  of  Berzelius,  no  man  has  appcnrcd  wlio  had  the 
fright  of  universal  authority  in  chemical  science.  The  sul^ject  has 
difdopefl  into  such  vastness  of  detail,  that  men  can  only  become 
gmt  by  limiting  themselves  to  special  branches  of  it.  Liebig  devoted 
Uninlf  to  organic  chemistry,  and  even  here  there  are  other  men  who 
lttv#  probably  surpassed  him  in  the- number  and  importance  of  their 
nunediat^^  contributions  to  the  science.  Yet,  since  Berzelius  closed  his 
lifeer,  no  savant  has  appeared  in  the  chemical  iield  who  has  achieved 
rAbniliant  and  conspicuous  a  position  as  Liebig. 

He  had  in  an  eminent  degree  the  traits  of  a  successful  pioneer  in 

I  morUl  of  tiiought.    He  was  a  man  of  impulse,  eyrapathy,  and  cn- 

as  well  as  of  intellect.     He  could  not  give  his  life  to  simple^ 

.  tabomtory  investigation,  content  to  make  a  few  additions  to  the 

ek  of  ideniific  truth.     Although  trained  to  the  strict  methods  of 

itigatton,  and  competent  to  bend  his  energies  to  specific  research, 

Idf  nuuily  interest  in  his  fellow-beings,  and  the  welfare  and  prog- 

of  iocicty,  determined   the   course  of  his  studies,  and  kd  him 

ally  to  the  development  of  large  practical  results.    When  he 

i  wUli  organic  chemistry,  it  was  in  its  infancy,  and  chiefly  con- 

io  the  production  of  a  few  organic  compounds  by  laboratory 

Oiiliotu    As  for  the  chemical  interpretation  of  the  living  organ- 

I  hardly  thought  of.   The  mystery  of  the  vital  forces  reigned 

or,  and  barred  the  way  to  true  inductive  investigation.     So  also 

I  agricaltiind  chemistry,     Davy  had  originated  the  name  early  in 

Binry,  and  preaented  some  of  its  elementary  facts ;  but  they  did 
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not  reach  to  practical  r^ults^  aod  araoozited  to  notliing  io  their  iiifla- 
eooe  upon  the  pnhlic*  The  work  of  Lieblg  urmA  nothing  less  than  to 
erect  both  these  seieooes  into  recognised  braLnchee  of  study,  to  direct 
the  eoaeaiafie  liwHight  of  his  iige  to  these  fields  of  inquLry,  and  to 
arooM  the  interBSt  of  the  pablio  in  their  practical  applications  \  and 
this  great  work  it  b  his  lasting  honor  to  have  accomplished.  That  he 
should  hare  committed  errors,  was  ineiitable.  The  first  bold  original 
'  apeenlations  apon  complex  sabjects  cannot  £ul  to  be  always  impterfect. 
And,  besides^,  that  order  of  temperament  which  fitted  him  to  be  a 
reformer  and  a  leader,  and  to  stimulate  and  urge  on  other  men,  was 
favorable  to  rashness  of  geoeralisation  and  a  sangnine  anticipation  of 
coaclusions.  And  yet  LiAbog's  leading  doctrines^  to  whateyer  degree 
requiring  modificatloii,  were  st^M  in  the  right  direction  of  investiga- 
tion ;  while  their  amendment  and  revision  hare  made  the  reputations 
of  other  men. 

Pro£  liebig's  name  will  always  be  intimately  and  honorably  asacK 
elated  with  the  rise  of  biological  science  in  the  nineteenth  centi|ifl 


I  an4|AfiU^ 
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He  stands  at  the  beginning  of  one  of  the  great  epochs  of  know! 
to  which  his  genins  has  aaaated  to  give  development  and  directioo, 
and  he  illiisinUes  in  am  eimuiena  degree  tlial  behest  trait  of  modem 
eluufaeler— ^devotion  to  seiontlfic  tmth  to  the  end  of  a  large 
utility. 

It  remains  to  W  £tat<^i  uiat  Froll  Liebig  entertained  large 
liberal  politii^  Tiews.  Although  working  under  the  European  ^y^tcm 
Willi  great  saecess^  ennobled  by  it,  and  appreciating  isa  advantages, 
lie  neTQftheless  condemned  its  repressions  and  inlerferenoesi  aad 
>  looked  beyond  the  ooean  for  the  lealiaation  cyf  his  hopes  and  idfigf^ 
lie  was  an  enthos^st  in  regard  to  Ameiien^  where  he  had 
mders  than  in  any  oUker  country,  and  he  expected  great  tbii 
freedom^  intelligence,  and  active  enterprise  in  the  United  SiateiL 
eien  entertained  aerions  nodoos  of  taking  up  his  lesideqcs  ia 
oonntry.  Like  Agsasii^  he  saw  that  there  were  great 
for  the  future  of  science  on  this  continent,  and  he  indulged  the  i^ 
which  was  much  more  than  a  £incy,  of  establishing  a  great  a^ 
nral  institution  in  one  of  the  States.  He  would  hare  been  w 
here  with  a  oordiality  beyond  his  anticipation ;  for  he 
universally  known  and  highly  respected,  but  the  most  ni 
of  the  oommnmty — the  a^griooltnirisls — recognized  him  as 
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TaTTriv 


rOMFUU&OEY    AT- 
liOLASTIO     E3±R- 


ir  S^tnee  Monthly  t 
pns'  uaj  nveatly  occupied  itself 
to  an  tmusaol  degree  with  matters 
yeh  concern  our  §y«lcni  of  higher  educa- 
aod  a  point  on  which  the  widest  di- 
Eiit  of  views  has  bc«i  expressed,  and 
t  which  the  argument  on  both  sideii  has 
llm  toamiuned  wKh  the  greatest  abiHtj 
;  Ban>e?tB^«?,  i«  the  que^^tion  whether 
ae&td  '  a  process  which  can  only 

benitri  ad  acted  by  assuming  thai 

hi  labjecia  will  not  In  general  receive  It 
ftluilmfdy,  and  whether,  therefore,  it  is  or 
ii  lol  ^mesmij  to  proceed  upon  tho  plan 
affoarelttg  them  to  their  own  good.  This 
originated  in  on  intimation 
ottt  by  President  Eliot^  of  Harvard 
!tT,  in  hb  loBt  annual  report^  to  tlic 
at  tt  nii^ht  possibly  bo  thought  pje- 
I  that  Instltutiofn  her<^fter  to  abol- 
iTiilei  which  oiake  ihe  attendance  or 
upon  scholastic  exercises  compnl- 
i6fy,bobIm^  them,  nererthcleas,  to  rigorous 
»Baiiiatioo  ttpon  tho  snbjecta  taught,  and 
Mnloriiig  (ScgrecA  in  aHs  only  upon  satlS' 
r  itMcBiee  of  proficiency,  Thi*  stig 
1  cscoQDtered  a  prompt  and  vigorous 
and  cxpoitulaiion  from  the  Hcv. 
MoCofthf  of  Princeton,  in  a  com- 
on  addressed,  in  January  lo^t,  to 
» y«m .  York  Ertnin^  Pott  Other  writers 
up  tbc  argument  at  greater  or  less 
\  OD  botll  aides  of  th«  contfovorsy ; 
ib«T«  hai  there  appear^  a  more 
l^oncltt^reTindicudon  of  the  wisdom 
^pW  Involved  in  President  Eliofa 
idoa  t^an  that  which  was  put  forth  in 
ilhreh  munhcr  of  Tin  PorcLAa  Bcfekcb 
tr.  I  cannot  but  thank  you  for  your 
I  nd  fre«  treatment  of  a  subjoct  in  re- 
i  14  whAdi  preaeriptive  ufage,  and  tbc 
I  fn  thr  pmbllc  mind  which  long  prescript 
I  ilwaya  eairiea  with  it,  are  against  yoii ; 
lid  wldcb  ooooffns  in  a  very  high  degree 
of  our  nystcma  of  education 


on  the  formation  of  the  moral  no  less  than 
tho  intellectual  character  of  the  youth  who 
arc  subjected  to  it. 

rmnicdiately  o»  the  appearanco  of  the 
article  of  Dr.  McCosh,  it  was  my  design  to 
offer  a  slight  contribution  to  tho  litomture 
of  this  subject,  founded  on  my  own  per- 
sonal observation  of  dilFcrent  educational 
methods  during  a  thirty  yciirs*  connection 
with  the  admioiBtratioti  of  colleges ;  but, 
owing  to  unfore^t'en  interruptions,  my  labor 
rcDjained  unfinished  on  my  hands  until  the 
favorable  moment  hod  passed  by.  My  at- 
tention ha^  beea  recently  drawn  to  the  sub- 
ject again  by  the  publication  (also  In  the 
EveitU^g  Poii)  of  a  letter  from  Prof  Ten- 
able, Dean  of  the  Faculty  of  the  Umvcrsity 
of  Virginia,  describing  the  educational  sys- 
tem of  that  inj^titution,  of  which  compul- 
sory attendance  is  an  essential  feature,  hot 
referring  in  respectful  terms  to  tho  plan 
proposed  by  President  Eliot*  This  letter  m 
presented  by  the  Pmt  aa  one  of  unusual  im« 
portanee  and  interest ;  yet  it  ndils  nothing 
to  what  has  been  iiniveraally  known  of  the 
Virginia  system  for  tho  past  forty  yeara, 
iiltbough  It  sets  forth  tho  leading  feat li res 
of  this  system  with  clearness  and  conciee- 
ness.  In  commending  it,  I  understand  the 
Post  to  be  once  more  commending,  though 
indirectly,  the  compulsory  system  ;  and  this 
brings  back  to  mc  my  nearly  forgotten  pur- 
pose above  referred  to,  to  have  my  word  in 
this  matter  also. 

I  will  commence,  therefore,  by  remark- 
ing that  all  that  Dr,  McCosh  has  said,  or 
that  anybody  mny  pay,  a-?  to  the  importance 
of  regular  drill  to  the  efficiency  of  any  sys- 
tem of  mental  disclplincj  will  be  readily  ad- 
mitted by  every  experienced  educator  of 
youth.  Whether^  as  tliat  learned  gentleman 
assumes,  tho  undergraduate  student  is  to 
h<i  r^arded  as  being  too  immsiturc  to  be  in- 
trasted  with  a  freedom  which  he  may  pos- 
sibly abuse,  or  whether,  with  President  Eliot, 
wc  suppose  that  ho  is  as  likely  to  attend 
to  his  collegiate  excrcisea  from  a  just  ap- 
preciation of  their  value  to  himself,  and  a 


THE  POPULAR   SCIENCE  MONTHLY. 


proper  flcnsc  of  duty,  m  through  any  ipe- 
des  of  coercion,  in  either  cue  there  can  be 

no  doubt  that  ibit  regularity  of  attendance 
\&  of  indispensable  importance^  and  that,  in 
one  way  or  another,  it  must  be  8e<2ured.  It 
ia  supposed  by  Br.  McCoeU  that  Harrard 
UniTewity  may  have  been  influenced  in  her 
Tiews  as  to  this  subject  by  the  presumed 
luoges  of  foreign  ingtitutiona  of  BimO^r 
gradef  or  by  the  known  practice  of  the  pro* 
feasional  schools  of  our  own  country  ;  and, 
iQ  regard  to  the  collegea  of  Great  Britain 
and  Ireland,  he  hastens  to  correct  the  )m> 
presslon,  if  it  exists,  that  attendance  upon 
leholastic  exercises  ts  not  made  cornpulgory 
in  them.  It  seems  to  me,  nererthelesa,  to 
be  unneceasary  to  go  beyond  the  reaaon  as- 
signed by  President  Eliot  hioudf  as  indicat- 
ing  the  expediency  of  the  change.  In  order 
to  discover  his  motiTe  for  proposing  it.  This 
reason  is^  that  the  average  age  of  the  un- 
dergnduate  students  in  Harvard  University 
(and  it  may  be  added  in  all  our  cellcges  at 
present — at  least  in  nil  those  of  the  Allan- 
tic  States)  is  three  or  four  years  more  &d- 
ranced  than  it  was  in  the  earlier  pari  of 
this  eentory.  Br,  McOosh  admits  the  truth 
of  this  ststemcnt  He  does  not  even  seem 
to  deprecate  the  fact  that  mature  young 
men  seek  to  avail  themselves  of  the  educa* 
tional  advantages  which  colleges  offer.  But 
he  hardly  attempts  to  disguise  his  couvic^ 
tioa  thai  the  college  was  not  designed  for 
this  class  of  siudenta,  nor  that  thdr  actual 
predominance  in  it  io  numbers  is  evidence 
to  him  that  it  boa  been  pervert ud  from  the 
original  object  of  its  institution.  This  is 
apparent  from  hia  rcraark  that,  **  if  there  be 
a  diminution  in  the  uumbor  of  young  men 
attending  coliegea  in  relation  to  the  popuLv 
tion,  it  is  very  much  owing  to  the  circum- 
stance  that  certain  of  the  colleges  have 
been  practicaJly  raising  the  age  of  entrance, 
so  as  to  prevent  persons  from  entering  upon 
their  professional  husinces  until  some  of  the 
best  years  of  their  life  ai^o  spent."  In  his 
view,  therefore,  the  eiisting  state  of  things 
is  an  evil,  and  the  blame  of  it  is  directly 
ohatgeablc  upon  the  colleges  themselves.  I 
do  not,  I  confess,  find  the  evidence  to  sus- 
his view  of  the  case.  The  colleges 
It  raised  the  age  of  entrance  by  le* 
1.  Tlie  minimum  age  in  Columbia 
is  fiiYeen  yean.    In  Yale  College  it 


is  fourteen,  as  it  has  been  for  the  past  half- 
century.    In   Harrvrd  University  there  is 
no  minimum  at  all.     If  there  is  any  mode 
of  "  practically "  raising  the  standard  ex- 
cept by  arbitrarily  rejecting   the  younger 
class  of  applicants,  notwithstandli^  that, 
by  the  published  regulations,  they  are  legaDy 
admissible,  it  does  not  occur  to  me  to  con- 
jecture what  it  can  be ;  yet  this  is  not  a 
practice  which  I  have  ever  heard  imputed 
to  an;  American  college.     But  it  may  be 
said  that  the  colleges   have   brought  Ihe 
observed  result  to  pass   by  increasing  th« 
severity  of  the  entrance  tests.     This  hy- 
pothesis can  certainly  not  be  susttined,  io 
far,  at  least,  as  the  dassicfl  are  concerned 
(and  it  is  here  that  the  gre^  labor  of  prep»» 
ration  lies),  if  we  tatce  as  our  guide  thf 
publiiihed  entrance  condilio&s.     As  a  nik^ 
the  reverse  is  even  the  case,  the  amo^t 
exacted,  measured  by  quantity  if  not  l»y 
quality,  bemg  materially  less  than  it  iiai 
fifty  years  ago.     Sf>me  little  addiiion  \aA 
been  made  to  the  amount  of  exaction  in  tlic 
mathematics*,  but  not  cnoUii^h  to  m&k«  it 
diDScult  for  a  lad  to  prepare  himself  for  eoV 
lege  OS  early  as  fourteen,  or  earlier.    To 
these  statements,  Harvard  College  may  pos- 
sibly present   an  exception,   but   the  h- 
creased  entrance  exactions  there  have  cut 
been  in  operation  long  enough  to  hate  had 
any  iniuence  in  producing  the  phenonieaOQ 
tn  question.     If  it  is  a  fact,  therefore,  Ihil 
the  average  age  of  undergraduate  studestl 
has  risen — and  I  believe  there  can  he  W 
doubt  about  that— it  is  a  fact  which  ii  sot 
imputable  to  the  colleges,  nor  one  wUoll 
Ihey  could  control  if  they  would;  unloib 
indeed,  instead  of  legislating  about  bud^ 
mum  ages,  they  should  think  proper  to  «• 
tablish  a  maximum  age,  above  which  do 
applicant  should  be  admitted,  and  fthooU 
place  this  low  enough  to  exclude  every  ^ 
dividual  who  has  passed  the  years  of  Uf 
hood.     Such  a  measure   would   probsfctf 
meet  with  few  advocates.     If  it  were  )» 
portani  that  we    should    explain  ths  (^ 
markable  fact  above  mentioned,  it  wootf 
be  quite  sufficient  to  point  to  tbe  iauBSfli 
improvement  which  has  taken  place  wilkll 
the  century  in  the  training-aehools  of  gall 
inferior  to  the  colleges— schools  admisiKf 
and  precisely  fitted  to  the  wants  of  bofi 
of  tender  age,  and  armed  with  a  coert^ 
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ref  t^  bold  them  to  tbelir  tuaka  tenfold 
grcAt  Ai  anj  college  poflseesea,  or  can 
poatesa.  For  such  striplings,  it  is  wdl  that 
tfatfv  Are  At  school^  and  that  thcj  are  not  in 
coUeg« ;  and  to  on  inquire  perception  of 
tkis  tmth  on  tbe  p*rt  of  p&rentd  it  is  un- 
qiwiUoDAblj  owing  tlmt  so  many  remain 
thettu 

HoweTer  ihitf  mtj  be,  we  mast  take  tbe 

fc«a  wm  »e  find  them^  whether  we  would 

itf«  tlMDi  so  or  not,  since  it  does  not  ap- 

p*tr  tint  we  can  rerj  well  make  them  other 

tbiQ  tJiey  tre.     VThat  U  trac  in  the  present 

is  likely  to  be  pcrmanentlj  true  in  the 

fetaiei  fii.,  thai  the  average  age  of  under- 

gndiii*  ttndcnta  in  American  eoUcges  1^, 

flM  w8l  be,  tereral  years  more  adranoed 

%m  It  WIS  tbtve-qnarteni  of  a  eentu  rv  ago, 

mA  cprm  much  more  recently.    And  thia 

tapiiKaiit   truth    implies   a   very  matcrinl 

tfasfs  m  the  character  of  the  student-bod j 

^4  change  marked  by  a  birge  advAnee  in 

■ttarity  of  judgment^  an  increased  power 

if  idf-coiitrol,  and  a  eensible  diminution  of 

^  Itrlty  and  Tolatility  wbleh  di^tinguiah 

lit  period  of  boyhood.    To  place  such  a 

r  of  yomig  men  under  a  sjBtem 

M  f«rtralot§  m  nowise  diHerent  from  that 

1  wm*  originally  devised  for  boys  but 

I  tttip  PBBOTcd  from  childhood,  ifl  to  check 

I  tb  Aifilopment  of  character  in  the  dircc- 

f  te  ef  manly  sentiment  which  ehould  ac- 

iHMipipy  this  age^  by  tempting  or  compel- 

I  itadeni  to  govern  his  conduct  not 

with  the  principles  of  pro* 

f  tr  tight,  but  in  obedieooe  to  an  arbi- 

|^iy»wnHinn,  in  hit  judgment,  an  un. 

\  ofien  to  hit  belief  a  need* 

whieh  Preflitdcnt  Eliot  thinks 
nable  to  entert&in  iu  regard 
I  Cottegei,  vit,  "  that  it  will  soon 
\  IMlrvly  Hd  of  a  certain  flchool-boy 
^ifB^  whish  used  to  prevail  there,  but  of 
HIeh  Ike  tta«ea  are  continually  growing 
hm^  li  A  hcrpi  in  which  many  f  imUar  inbti- 
iili«i,  with  good  reason,  participate.  It 
b  i  boft  «f  whkh  every  judfeloiii  educator 
lie  aU  ilial  Has  la  his  power  to  promote 
IJMiiit.  The  most  anneoeeearj  of 
b  with  which  our  coUcgos  are  at 
eAietod  are,  those  that  grow  out 
taeee  as  sllJl  linger  of  this  frlvolouM 
And  If  the  rigorooi  mles  which 


subject  mature  young  men  to  a  severe  ac* 
count  of  the  disposition  made  of  every  mo- 
mcut  of  their  time,  or  which  place  them 
under  an  initating  and  annoying  Burvc'd- 
lance,  are  necessary  (as  it  must  be  pre- 
Bumed  they  are  supposed  to  be,  or  ihey 
would  not  be  maintained),  to  assure  their 
proper  mental  training,  tlien  certainly  it  is 
much  to  be  lamented  thai  these  same  neces- 
sary nilcH  should  be  as  prejudicial  to  their 
moral  culture  as  they  are  siiid  to  be  health- 
ful to  .their  mental  Is  it  not  time,  then^ 
that  we  should  begin  to  consider  whether 
there  arc  not  mfluences  capable  of  being 
brought  to  bear  upon  the  undergraduate 
youth  of  our  collies,  which  will  prove 
nearly,  if  not  abBolutdy,  as  eflfectual  in 
securing  their  regular  attendance  upon 
their  scholastic  exercises  as  any  system 
of  pains  and  penalties  can  be  f  Docs  the 
abandonment  of  the  system  of  positive  co- 
ercion involve  necesss^rily  the  disaetrous 
consequences  apprehended  by  Dr,  McCosh, 
of  a  neglect  of  faithful  daily  effort,  and  an 
attempt  to  eatiisfy  the  teats  of  proficiency 
Imposed  by  the  academie  authorities,  by 
means  of  a  pemtdoua  periodical  cram- 
ming? 

These  are  questions  tn  regard  to  which 
no  general  rigreenient  is  likely  to  be  reached 
by  mere  diacusgion.  They  arc  mattera  of 
opinion  ;  and,  when  opinions  differ  in  regard 
to  what  is  likdy  to  happen  in  hypothetical 
cases,  it  is  generally  true  that  the  advocates 
of  opposing  views  are  more  likely  to  be  con* 
firmed  by  argument  in  their  original  convic- 
tions, than  converted  to  those  of  their  adver- 
saries. The  onJy  source  from  whichp  in  mat* 
tcrs  of  this  kind,  conclusi DOS  can  be  drawn 
which  shall  admit  of  no  controversy,  is  act- 
ual experience ;  and  thus  far  the  results  of 
experience  have  not  been  adduced  by  any 
of  the  parties  to  this  di^^cusaion.  President 
Eliot  puts  forward  hid  proposed  measure, 
not  in  tbe  lone  of  confidence  in  whieh  one 
speaks  of  a  thing  which  has  been  tried  and 
found  to  work  well ;  but  rather  apparently 
OS  a  feeler^  for  the  purpose  of  trying  the 
temper  of  the  public  njind,  and  ascertaining 
whether  that  is  likely  to  tolerate  so  bold  an 
experiment  at  Harvard;  and  Dr.  MeCosh 
tremblcB  at  the  very  thought  of  such  an  ei- 
periment  In  such  an  institution,  being  quite 
certain  in  advance  that  it  must  end  in  igno- 
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minbus  failure,  and  being  nppreliensivc  that 
tho  disastroua  coQiequencos  wbicb  must 
follow  wiJl  be  felt  in  all  the  other  coHegcs 
of  tbe  lAftd.  And  yet,  after  all,  tbia  U  not 
entlrel/ A  question  of  rKJiaibilitics  or  proba- 
bilities. The  exp>eriment  bus  bci^n  triod  a.t- 
readf,  &nd  tried  until  it  id  no  longer  on  ex- 
periment It  ha5  bectt  tried  at  least  long 
oootigb  to  prove  that  it  is  not  surrounded 
by  &rij  of  the  dangers  which  aoem  ao  formi- 
dable to  tho  dtstitiguiBhed  president  of 
Princeton,  and  that  it  la  truly  attended  by 
alt  the  advantageous  oonsequcmcee  which 
•«r«  anticipated  from  it  by  the  enligbtencd 
|ind  progreeilve  president  of  Harvard.  Tbia 
dentical  experlnjont  bos  been  tried  for  a 
period  of  more  than  foar  years  in  Columbia 
College;  and  it  19  thU  fuet  whic!i  has  in- 
^ductid  me  to  intrude  the  erpreaslon  of  my 
opinions  Into  this  discussion. 

More  than  four  years  have  now  elapsed 
since  the  ordlmvry  modes  of  compulsion,  by 
which  the  attendaiiceofstttdcuts  upon  scho- 
lastic exercises  ia  commonly  enforced  in  col- 
leges»  were  abandoneil  in  this  institution, 
A3  a  substitute  for  the^e,  the  simple  rule 
was  adopted,  that  any  marked  irregularity 
of  attendance  on  the  daily  exercises  should 
debar  tho  student  from  the  priTilego  of  at- 
tetiding  the  stated  periodical  examinationg, 
through  which  every  candidate  for  gradua- 
tion  is  obliged  by  statute  to  pass,  and  to 
pass  satisfactorily,  before  he  can  receive  a 
doj^reo  in  Arts.  And,  in  order  to  remove 
any  uncertainty  wliieh  might  exist  as  to  the 
amoimt  of  Irregularity  which  shouid  be  con* 
sidered  sufficient  to  deprive  an  individual 
of  this  pririJegef  the  limit  of  tolerated  ab- 
sences from  any  particular  department  of 
study  was  put  at  one-rourth  of  the  total 
number  of  eixercifes  In  that  department. 
This  limit  waa  fixed  upon,  because  it  had 
been  already  tried,  for  several  years^,  with 
r^ults  entirely  satisfactory,  in  the  School 
of  iCines  which  is  associated  with  tho  col- 
legCi  and  which  Is  carried  on,  on  the  same 
gtounds).  Under  this  system ^  a  student  may 
ftbtent  himself  without  beini^  called  upon  to 
Uilga  Any  reason  for  hiH  absence.  He  may, 
if  he  pleases,  assign  aueh  a  reason  volunta- 
rily, or  he  may  state  in  advance  his  desire 
or  intention  to  be  absent  from  a  future  ex* 
ercise,  and,  in  case  he  does  this,  a  note  is 
made  of  the  reoAOik  10  Assigned,  which  is 


preserved  for  a  purpose  which  will  pH^moXj 
appear.     In  order  that  he  may  be  ailwAys 
aware  of  the  state  of  his  absetioe  aoocKit&t,  a 
bulleiin  is  kept  constantly  ported  iibev«  it 
is  access iblo  to  him,  etbibiting  the  number 
of  Ids  abaencoa  from  every  department  aep* 
arati^yy  up  to  the  current  date.     The  data 
for  this  bulletin  are  derived  from  the  daOy 
reports  of  the  college  offloera  mtdA  to  the 
president — each  officer  presentlnf  his  refkort 
for  the  day,  immediately  after  the  itoe  of 
college  hours — and  from  these  the  praper«n* 
tries  are  made  in  the  bulletin  imiikediatcly, 
An  abstract  of  this  record  la   Ainiish«d 
monthly  to  the  pareot  or  guardian  of  eveiy 
student ;  so  that,  if  there  be  any  m^ustifii' 
ble  ^regularity,  it   is  referred  to  the  «a- 
thority  most  suitable  to    investigate   the 
causes  and  to  apply  the  proper  correctlcia. 
If,  at  the  close  of  the  eession,  any  studeiit 
appears,  from  the  record,  to  have  exceeded 
his  limit,  in  any  department^  he  is  noUfifd 
that  he  is  debarred  from   Gxatmnatigo  ta 
that  department;  and  the  loaa  of  aa  cub* 
ination,  in  any  single  department,  depam 
him  of  his  standing  as  a  candidate  £or  % 
degree.    Ho  is  not  on  that  aeoontat  com- 
pelled to  leave  college.    He  may  contis^e 
to  attend  as  before ;  but,  if^  on 
growing  irregularity,  or  Inattention  to  \ 
his  attendance  should  be  deemed 
able  to  himself,  or  prejuillcUl  to  othcn^ 
may  be  required  lo  withdraw.    In 
he  retires  silently,  and  without  censttn^. 

In  cose  a  student,  whose  a1 
the  seas  ion  exceed  the  limit  of 
should  bo  able  to  make  it  appear 
these  absences  were  occasioned  by 
beyond  his  control,  or  were  otherwise  jof^ 
Gable,  the  faculty  are  at  libcrtr,  hi  tbtlr 
discretion,  to  raise  the  ban,  tmd  k>  jdmK 
him  to  examination.  But,  if  a  tin$i<  aN 
of  those  absences  appears  to  have  bstf 
wanton  or  unwarranted,  it  is  of  no  at 
bim  that  all  the  others  were  nnavoit 
be  loses  his  standing  aa  a  eandidaiti 
degree. 

Under  tliis  system  an  appeal  is 
a  higher  motive  than  the  fear  of 
It  is  inculcatLHl  on  the  student  coal 
(hat  to  at  tend  the   college   exereiMS 
privilege  and  a  duty ;  to  be  abaeitS  a 
and  a  wrong  to  himselL     And,  wh« 
Idea  bceotnes  familiar,  he  will  not  oaly  I 
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kftbituated  to  attend  from  ehotce,  but 
w3I  profit  more  by  bis  attendance^  and 
wia  Icfli  IreqiKiitly  be  found  endeaToring  to 
beguile  tbe  weary  bcrars  of  hia  mipnson- 
mait  Id  the  da&s-room,  by  petty  friTolitics 
OQt  of  bannony  with  the  chftract<»r  for  man- 
liiieaa  which  he  should  at  thb  period  of  hid 
be  fbnmng. 

Aft  to  tlie  restaltd  of  this  systeic  in  pmc* 
the  following  remarks,  tAken  fhim  the 
report  of  ihe  president  of  the  eol- 
to  Ibe  trustee*,  in  1869,  which  reprc- 
Cbe  facts  aj  tliey  apcarcd  then,  may  be 
^rplM  wiibotit  any  Important  modification 
experience  of  the  more  recent  years : 
8  of  the  ehangis  have  proved  a 
ting  subject  of  observation.  Af- 
of  four  entire  months,  it  mny  be 
of  ft  Urge  nuyority  of  the  stndent?, 
Ibaloo  |>M^eptib1e  dlflbrcnee  cnn  be  dts* 
ancmd  A^t  qH  £n  the  degree  of  the Vegulitrttj 
of  %tkt  attendance  upon  scholastic  exer. 
QHi,  u  It  was  rendered  before  and  after 
lk«  adopdoii  of  the  new  regulations.  A 
ffrtala  limiled  number  have  never  been  nb- 
iCDi  it  alL  A  much  larger  numbt^r  have 
1*9  ibsnt  only  at  rare  intcrvtJs.  A  num- 
Ivkrger  tiiU,  while  absent  more  frequent- 
hiv*?  not  at  all  increased  the  frequency 
tticir  absences  in  consequence  of  the 
of  repilations,  Some  of  these  re- 
" — ^*..r^;^jjt  dittanees,  or  are  liable 
to  ht  of  their  regularity  from 

otWcaii'r*  I if^tond  tbdr  control  » .  .  From 
ia%»pection  of  Ihe  record],  it  la  safe  to  say 
.UhItV  iiore  than  three-fourths  of 

liody,  whose  regularity  of 
[4toC4:  totally  unalfccted  by 

h  new  regulations.    In 

I  ;^  fourth,  or  probably 
1  a  fourth,  it  must  be 
ti»t  their  irregularity  of  ait<?nd- 
btt   SA&atbly  increased.     This  fact 
t  ^c^rce  of  parental  indifTcrenc©  or 
auiulgcnre  which  was   hardly 
tRsr;  but  the  evil,  «o  far  as  it  exists, 
\  ti  m  ilmple  remedy,  since  the  cause 
toiyu    The   bifp<wtion  of  the  record 
It  ijalte  rrident  that  there  is  no  nc- 
9tmtf  to  ttftlce  fo  large  an  allowance  for 
abfcoecfl  as  one-fourth  of  the 
titter,    Tfk9  maloritjf  of  the  stu- 
lira  proba^'  '  nt  one-tenth  of 

It  il'lc,  sod  may  he 


advisable,  to  reduce  this  latitude  to  one- 
sixth  or  one-eighth,  or  even  to  a  Icpb  pro- 
poHion,  and  the  CTil  will  inevitably  disap- 
pear," 

As  yet,  however,  it  has  not  been  thought 
necessary  to  reeort  to  the  expedient  hero 
indicated  ;  and,  though,  in  the  fitatutcs  of  the 
college  as  they  stand,  the  power  is  vested 
in  the  faculty  to  apply  coercive  measiurcs  to 
enforce  attendance,  this  power  has  never 
been  resorted  to^  nor  has  the  evil  inci'eased. 
In  occasional  and  very  rare  instances,  a 
student  has  been  obliged  to  withdraw  from 
college  on  account  of  persietcnt  iTregulariiy 
or  neglect  of  study ;  but  this  by  no  means 
more  frequently  than  had  been  the  ease 
under  the  system  of  coercion.  One  quite 
efffcetunl  corrective,  applied  with  us  in  cases 
of  this  kind,  is,  to  require  a  student  deficient 
in  scholarship  to  sitidy  out  of  college  hours 
under  a  prirutc  tutor,  while  still  continuing 
his  attendance  with  his  ckgFcs ;  and  to 
make  bis  restoration  to  regular  standiDg  as 
a  candidate  for  a  degree  dependent  on  the 
presentation  of  a  certificate  from  his  tutor, 
attesting  his  faithful  attention  to  Uje  studies 
prescribed,  and  his  satisfactory  proficiency 
in  them. 

The  expedients  here  described,  by  tvhlt.^h 
we  aim  to  hold  students  in  college  to  the 
proper  discharge  of  their  duties,  may  he 
said  perhaps  to  partake,  after  all,  of  the  na- 
ture of  coercion  ;  but  they  are  not  coercive 
in  the  sense  in  which  that  word  is  usuaDy 
employed,  when  it  implies  a  system  of  pains 
and  penalties  which  offend  a  young  man*B 
gelf-respcct,  and  carry  with  them,  more  or 
less,  a  sense  of  disgrace.  If  they  are  coer- 
cive, they  are  so  precisely  as  the  rales  of 
morality  or  of  gentleinaiily  propriety  are 
coercive,  by  operating  on  the  conscience ; 
or  as  the  suggesttnns  of  prudence  in  the  or- 
dinary  affairs  of  life  are  coercive,  by  con- 
Biraining  men  ?o  to  govem  llicir  conduct  as 
not  to  prejudice  their  substantial  interests. 
This  is  a  kind  of  coercion  under  which  we 
should  desire  aH  young  men,  and  all  men  of 
every  age,  to  be  placed.  It  is  in  itself  an 
educational  influence,  and  one  of  the  most 
salutary  to  which  men  can  be  subjected. 
When  all  our  colleges  shall  have  seen  their 
way  to  Ihe  adoption  of  a  regimen  like  this, 
as  sooner  or  later  ihey  inevitably  wUl,  wo 
may  hope  to  see  the  complete  disappear* 
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ancD  of  thftt  spirit  of  fi-iTolity  whicli  too 
generallj  preyalla  at  present  among  their 
inmatcSf  aad  wbicb  Preaident  Eliot  mcn- 
tiona  to  deprecate — a  spirit  already  declin- 
ing even  in  the  absence  of  the  healthful  in- 
iuence  which  the  system  I  have  attempted 
to  deicrib<i  biinga  with  it,  and  which ^ 
thougti  not  jot  whoUy  cxtiQct^  flumres 
riithor  as  a  pernlcioua  inheritance  from 
other  times,  than  because,  in  tbe  conditions 
of  modern  educational  institutions,  it  finds 
any  thing  properly  congenial  to  ita  main- 
tenance. 

With  one  further  remark  I  conclude*  It 
ij  cspcrimoDtaliy  proved  Ibat  no  eystem  of 
oompulsorj  attendance  in  college  is  neces- 
sary to  secure  faithful  attention  to  tboir 
duties  and  a  conaeientioua  Improrement  of 
their  opportunities,  on  the  part  of  that  large 
proportion  of  undergraduate  students  whom 
uollcglatc  education  la  likely  to  bene&t. 
That  smaller  proportioo,  who  wilt  always 
tueglect  til  en  r  dtitica  if  they  can^  wlil  not 
greatly  profit  under  any  eystem,  whether  of 
absolute  freedom,  or  of  coercion,  however 
rigorous.  I  am  iinabk  to  perceive  the  wis- 
dom of*  adapting  uystcma  of  control  with 
Rp^ial,  or^  I  may  say,  exclusive,  roftrenco 
to  the  coae  of  those  who  least  deserve  to  be 
considered,  and  out  of  whom  the  least  b 
lilic4y  to  be  made;  especially  when  this  can 
only  be  done  by  depriving  the  rest  of  what 
&M)Ens  to  me  to  be  one  of  the  most  felicitous 
moral  infiuences  wbicb  can  surround  and 
ftcoompany  them  during  the  period  of  their 
education. 

Very  respectfully  yours, 

P.   A.   P.   BAaKARO. 
CoLtmsiA  CoLiAOitt  ApHi  %  18T8. 


TltE  DAKQEB3  AlTD  BECURlTIEa  OF  SCI- 
ENCE. 
71»  C^  Bd^it&r  nf  th€  Popular  Sclent  M&ntMy, 

Mr.  Editor  :  I  listened,  among  others, 
to  the  speech  of  Mr,  Parke  Go^Jwln  at  the 
Tyndail  Dinner,  and  have  been  much  inter* 
ested  both  in  the  speech  and  in  the  discus- 
flions  which  have  gro^vn  out  of  h.  Of 
coarse,  we  cannot  all  expect  to  view  the 
most  Important  subjects  in  the  same  light, 
but  I  feel  eure  it  is  a  mistake  to  attribute 
to  Mr.  Godwin  any  thing  like  a  spirit  of  op* 
position  or  depreciation  toward  scientific 


progress  or  preeminence.  On  tfce  contrary^ 
what  he  said  was^  we  believe,  wholly  b  the 
interest  of  ecience.  He  simply  gare  ex* 
pression,  in  unusually  elegant  and  forcible 
language,  to  ideas  which  are  entertained  of 
late  by  many  professionally  scientific  moo. 
He  did  not  propose  to  cramp  scientific  In- 
quiry, nor  to  limit,  in  any  way,  its  powers 
or  its  results,  but  only  to  prevent  iti  con- 
tamination by  what  would  degrade  and 
cripple  it,  His  speech,  as  we  understand 
itj  was  a  protest,  not  against  science,  but  In 
its  behalf,  and  against  the  damaging  influ- 
ence of  pretended  follower?  or  mistaken 
friends. 

There  is  no  danger  now  that  science  can 
ever  sufcr  from  the  attacks  of  its  enemies^ 
unless  it  be  first  debauched  by  the  folly  of 
its  own  partisans.    Its  progress  for  the  list 
hundred  years  baa  been  a  aeries  of  tii- 
umphs,  so  numerous  and  brilliant  that  ootb- 
ing  else  is  now  In  a  position  to  stand  agaioft 
it.    And  it  owes  this  success  entirely  to  tJM 
fidehty  with  which  it  had  pursued  iU  le- 
gitimate course,  and  the  steady  deien&liU' 
tioD   with   which  it  ha^    adhered  to  the 
method  of  strict  scientific  observation,  fof 
a  long  time  we  have  given  up  the  nolion  d 
the  old  philosophers,  that  men  could  di^ 
cover  things  by  thinking  about  them;  tsd 
have  only  considered   it   worth  whilo  to 
spend  our  time  in  the  investigation  of  sctosl 
phenomena.    What  has  been,  for  the 
half-century,  the  invariable  demand  of 
world  of  science  upon  its  votaries 
ever  any  one  made  bis  a| 
new  claim  to  attention,  the  scientlfie 
said  to  bim,  in  eficct :  *'  What  is  thai 
have  to  tell  us  of  this  new  body 
stance  ?     We  do  not  mBh  to  hear 
ihitik  about  it^  but  only  what  yoQ 
How  much  does  it  weigh  ?    What  are 
form  and  structure?     What  are  Ihs 
results   of   its   cberaied   analysts? 
phenomena  docs  it  exhibit  under 
conditions  ?     If  it  be  a  peculiar  force 
mode  of  activity,  instead  of  a  matetial 
stance,  what  are  the  exact  condiUooij 
manifestation,  and  what  arc  the 
its  action,  in  quantity  as  well  as  in 

This  is  the  healthy  and  nutntioui 
upon  which  science  has  grown  to  her 
cnt  proportions.     In  following  such  a 
with  such    unswenring   palioiee,  sh« 
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ke  A  mittiilBe.    Bat,  Ibe 

II  tU«  palby  she  b  in  danger,  or 

l«  i«  Utti^  to  go  wrong,  because 

workf  by  other  Hum  scieoUfic 
b  not  aeience,  ajid  nt  best  o&q  onlf 
I  kind  of  fldeniiGc  garb,  anil  mas- 
D  tdentifio  phr»6eo1og7. 
Wro  Hilt  sooae  iadicatlona  tbftt  we 
rt  altofetber  beyoDd  tbti  dftoger  ? 
^t  eren  more  or  lesa  exposed  to  it 
laitlcular  tiiae?  Some  ecietitige 
re  o«rt*inlj  disposed  to  talk  quite 
^bout  tbeir  conclusions  and  thco- 
^IvDAtioiiA  A9  about  tbe  pheootnena 
(ribe^  There  U  no  harm  io  this 
|ftl  it  ooeopies  a  good  deal  of  time 
tit  be  otherwise  employed  )f  pro* 
If  keep  the  bouudarj-line  well 
between  what  they  know  and  what 
k  on  the  subject  lo  queetiou.  But 
not  slwaja  do  tbij.  The  hypo- 
aiplapattona  aro  sometijnea  erected 
^  or  principle,  or  theory,  which,  in 
Iff^i  mmd,  evidently  oYershsdowi 
iSfiO  trcty  thing  else.  So  we  arc 
i  ffip|KMed  to  hare  acquired  a 
llfjiM  of  information  when  we  are 
It  I^eooh  »iy,  '^  getting  our  pay  in 

How   mooli  haa  been  aaid  and 
w  the  past  few  yeaiv  about  proio- 

Ifow,  a  atudent  of  physiology 
^mg  oieiuable  for  thinking,  from 
^^m  which  thi^  term  is  used,  that 
^^pg  tome  newly-discovered  and 
^^pftlaoce,  with  definite  physical 
Ph  properties,  and  of  tbe  highest 
IMO  lo  rcgui)  to  Tital  organization. 
I  he  oonsiderabty  disappointed  on 
I  to  h*  only  a  word  representing  a 
^  q£  Ideai,  or  at  best  a  groap  of 
^ioo«  nibataooei^  each  one  of  them 
If  diflbnnt  from  the  rest. 
I  fl  craa  %  eertaia  kind  of  authority 
pi  lattt  by  implication,  for  some 
iJMOtwtieal  notions;  and  there  \a 
|llwt  Ikey  are  oeoaaionally  assigned 
liked  pouiion  aa  aooepted  truths, 

I  hey  are  rerj  far  from  being  en- 

Rwcre  not  so  improbable  that 
cTcr  t>e  induced  to  imitate  In 
be  bor  old  theological  enemy, 
leei  weo  now  a  disposition  in 
Pio  fhone  for  ua  a  tort  of  Fcien- 
Oreed,  the  cnettt  of  betiering  in 
▼OL.  to,— 10 


which  would  not  depend  exolusiTely  upon 

the  possesaioii  of  sufficient  reliable  evidence. 

If  such  a  creed  were  drawn  up  just  at  pres^ 

ent,  it  would  probably  read  something  like 

this: 

I  BfLKYX  in  the  Darwinian  Theory ; 

In  the  Evolution  Hypothesia ; 

Id  tiie  Undulation  of  Light  and 
the  Luminiferous  Ether  *  and 

In  the  Atomic  Constitution  of 
Matter. 
Now,  we  all  know  that  theories  are  use* 
fill  in  their  way,  if  confined  within  a  very 
small  compass,  and  employed  only  to  stimu- 
late rather  than  satisfy  inquiry,  and  to  sug- 
gest tbe  direction  In  which  new  facts  may 
be  discoTcred.  But,  when  they  are  raised 
to  a  higher  dignity,  and  demand  our  belief 
in  them  as  representing  the  actual  constitu- 
tion of  Nature,  then  they  are  a  misfortune 
to  ercrybody  concerned.  If  we  treat  Ihtfm 
with  any  more  respect  than  they  deserve, 
we  shall  suffer  for  it  inevitably  by  tbe  loss 
of  something  which  is  infinitely  more  val- 
uable than  any  of  tbem»  The  records  of*] 
the  immediate  past  i^how  the  achicvemente 
which  hare  been  aceoQipUsbed  by  means  of 
strict  adherence  to  exact  methods  of  in- 
vestigation. Should  the  scientific  mind  of 
to-day  become  ever  so  little  inloxicated  with 
its  success,  and  undertake  to  decide  ques- 
tions which  are  beyond  its  horizon,  it  will 
certainly  etultify  itself,  nnd  lose  the  univer- 
sal support  and  ccnfideiicc  which  it  has  now 
so  fairly  acquired.  For  that  reason  1  think 
that  Mr.  GcmIwiq,  in  his  Tyndall  Dinner 
speech,  was  doing  good  service  for  science 
and  scientific  mcn^  and  that  we  nre  indebted 
to  him  for  placing  in  a  very  distinct  light 
the  only  source  of  danger  for  sojentiflc  ia. 
teres ts  in  the  future.  J.  0*  D. 


A    CORRECTION,— LETTEH  rEOM   PROF. 
TYNDALL. 

It  is  well  known  that  many  rellgtoui 
nowspapcTfl  construed  several  of  the  spi^^ch- 
cfl  at  the  Tyndall  banquet  as  righteous  re- 
bukes of  the  gwent  of  the  evening,  on  ac- 
count of  his  irreligious  science.  His  state* 
iBcnt  below  was  called  out  by  a  leading 
article  In  the  ChrlMmn  Inteflirfrnt^  of  Feb* 
niary  13th,  entitled  '"  ThcTyndiill  Banquet,** 
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from  which  the  foUowtng  is  an  extract :  *^A 
more  signlficMit  farewell  a  rUttor  hu  never 
received  at  our  handd.  Prof.  Tyadall  waa 
welcomed  among  U3  aa  a  man  of  aclcnec  It 
was  knomij  indeed^  that  he  claimed^  in  that 
cliftt^Cter,  a  warrant  to  queation  some  popu- 
lar  religioua  faiths ;  but  we  may  aafelj  aaj 
that  the  profefls^ora  of  those  faiths  never 
ftQppQied  that  he  would  carry  bia  assumed 
warrant  upon  tho  platform  and  into  hia  kct- 
ttfM  on  ^  Light.*  Yet  he  did  that  very 
thing,  attacking^  in  those  lectures,  both  our 
religtoua  faith  and  one  large  class  of  tta  pro- 
feadora.  Moreover,  when  the  assaultd  thy  a 
made  were  formcilly  complained  of,  he  «x- 
preated  no  regret  for  them.  Indeed,  teat 
even  ao  significant  alienee  might  fail  to  be 
apprpciated,  he  now  took  paina  lo  embotaa 
upon  hU  farewell  speech  the  following  re- 
markable aenteDoea:^*Were  there  any  lin- 
gcnng  doubt  as  to  my  visit  at  the  bottom 
of  my  mind;  did  I  feel  that  I  bad  blun- 
dered— and^  with  the  best  and  pureat  inten- 
tiona,  I  might,  through  an  error  of  judg- 
ment, have  blundered — so  as  to  cause  you 
dbtcontcnt,  I  should  now  be  wishing  io 
abolish  the  doubt,  or  to  repair  the  blunder; 
but  there  ia  no  drawback  of  this  kind.' 
After  this  imuaual  aasertton  of  Ms  perfect 
aaiiafaction  with  his  course,  it  would  have 
been  ur^ust,  both  to  him  and  to  a  very 
liu^e  part  of  Kxa  American  audiences,  to 
sufier  him  to  depart  without  sonao  weighty 
reminder  of  bla  mi^take.^* 

Of  Dr.  Hitchcock's  address  tho  writer  re- 
marks :  "  The  few  opening  sentences  which 
have  thus  far  been  printed  indicate  the  dig- 
nified and  manly  tope  in  which  American 
ChrlBtianji  resented,  through  him,  the  effort 
of  one  sort  of  science  to  disparage?  religion ; " 
and  he  then  says  :  '*  But  Dr.  Hitchcock  did 
not  stand  alone.  He  had  sympathizcfs 
enough  among  hia  hearers  to  indorse  his 
expressions  with  repeated  applauFe;  and, 
what  was  even  more  significint,  bo  found 
the  heartiest  support  in  the  speech  of 
Parke  Godwin,  who  followed  him,  speaking 
for  the  press.  The  fact  that  a  clergyman 
should  vindicate  the  claims  of  religion,  even 
at  a  dinner  given  In  compliment  to  one  of 
his  Mi«iklil«f  might  not  ^ecm  in  any  way 
remarkable  or  important.  But  the  editor 
of  the  PoU  had  no  professional  ieal  to  rally 
bim  to  the  same  battle ;  and  when,  after  a 


gansuMBni 


detail  of  some  of  the  tnost  ftrrog« 
tions  of  irreligious  sdeatistaf  he  prooeedei 
with  hidiguant  eloquence,  to  remand  the! 
icieoce  to  its  own  exact  sphere,  and  1 
claim  for  revelation  the  settlement  of  tl 
questions  of  'primal  origin  and  ultlmal 
destiniea/  Hr.  Tyudall  must  have  bad 
compUcency  quite  impervious  by  ordi&af 
weapons,  if  he  persisted  in  thinking  he  ha 
*  made  no  blunder,*  and  hftd  *  caused  a 
discontent.*  Bid  Hr.  Godwin  attppoe«  tbi 
the  sentiments  he  woa  uttering  were  thoi 
of  his  gupst  f  Did  not  he  and  all  the  ooa 
pany  know  they  were  not  t  Then,  did  1 
in  uttering  them,  and  they  In  applaudis 
them,  ofler  a  gratuitous  insult  to  the  mi 
they  pretended  to  honor  t  Ko;  but  the 
did  a  loyal  duty  to  the  religion  wbioh  1 
had  wantonly  assailed.  Tbey  act  a  stint  i 
their  courtesy  to  the  man^  lest  the  exe« 
of  it  should  make  a  betrayal  of  their  fiLtUt, 
Upon  which.  Prof.  Tyndall  remarks  • 
follows,  in  a  letter  to  a  frieud : 

*^  I  confess  to  reading  with  some  amas^ 
ment  the  article  on  the  *  Tyndall  Banquet,' 
in  the  Int^igenter,  I  am  there  chaiftti 
with  attacking,  in  my  lectures,  botb  tbi 
Christian  faith  and  one  large  class  of  Hi 
professors.  If  the  telling  of  the  truth  M 
a  necessary  entry  on  the  passport  to  *  tli0 
better  land/  then,  assuming  the  maker  of 
this  charge  to  be  iiof  In  a  state  of  invinclUt 
Ignorance,  I  would  noteicbange  my  ebsiioii 
on  the  frontier  of  immortality  for  hit.  Ikl 
fact  is  that,  though  solicited  to  do  lO^  1 
steadily  refused  to  quit  the  neutral  ^vnm 
of  the  intellect  during  my  vijiit  to  the  tJol' 
ted  States.  My  audience*  in  Boston,  FhOi 
delphia,  Baltimore,  Washington,  Brookljtt 
and  New  Haven ^  can  testify  whether  a  sta^ 
word  relating  to  religion  was  heard  fal  IQJ 
lectnre  of  mine  delivered  in  thoee  elfial 
JTew  York  ain  answer  whether,  in  flwl 
of  the  six  lectures  there  ddivcned,  •  i 
was  uttered,  pro  or  ton^  regarding  i 
And  I  confidently  appen]  to  that  heroloa 
dience  which  paid  roe  the  memorable  oOli 
pliment  of  coming  to  hear  me  on  tbt  ll 
clement  night  when  the  words  were  ipoh> 
on  which  this  charge  is  hung,  whether,  i^ 
regards  its  substance  or  Ita  tone,  whit  I 
then  said  could,  with  fairness^  be  < 
into  an  attack  ^npon  religious  fi 
one  targe  dasa  of  ita  profesaorm.' 
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tordtiod  manner  before  them,  and  I  would 
fMAet^j  tniAt  to  the  manhood  of  any 
Toifflg  Ken^s  Ghriftkn  Assodiition  in  the 
CnioB  for  A  verdict  in  this  matter.  The 
writer  in  the  Intejliffencer,  moreover,  fkils  to 
Ml  Otte  condusion  to  which  his  assertions 
iotritiblj  leftd;  for^  were  they  true,  the 
perfectly  mUDigtiLkable  mRiiner  in  which 
t^MS^sttiek^  was  received  bj  the  sudleDce 
VDokl  prore  the  state  of  *  religious  faith  *  in 
KftYork  to  be  the  reTcrse  of  creditable 
to  him  md  olhers  who  hare  the  care  of  it. 

*'The  head  and  front  of  my  offeodiog 
bth  this  extent :  At  the  conclusion  of  one 
of  ay  lectures,  I  referred,  for  two  minutes^ 
n  aSld  langaage,  to  the  reported  words — 
^ffffted^  I  would  addf  by  a  Preah^erian-^ 
^  tbtt  intemperate  occopant  of  a  single 
^byterian  pulpit,  aud  this  is  wilfully 
Iwjited  by  thi^t  occupant  into  an  uttsck 
BJOft  Uie  Presbyterian  body.  The  charge, 
I       U  flfigintUy  made,  and  as  now  echoed  by 

F  ^SOIOGTCAL  StrRVKTS  IK  TUEIR  EDU- 
I  CATtOKAL  BEARmaS, 

T^^  proposition  of  Prof.  I^eds^  in 
"^  Ms  article  on  "  Stat©  Geological 
^eys^"  to  link  these  undertakings  to 
wicolleglate  institutionaof  the  country 

»^*iiOTel  and  very  important  one,  and 
tfterrei  the  serious  atteDtion  of  all  the 
^at!«  of  Bcientific  education.  After 
**^%  the  aims  nnd  necessities  of  these 
^^^^ti  the  writer  shows  how  college 
^fint  might  be  pressed  into  their  ser- 
^<^  and  points  out  the  adT'aDtages 
*^»t  would  arise  both  in  giving  tlior- 
5*'»?iinci8  to  the  work,  and  in  dimin- 
^%  ita  expense  to  the  State.  Prof 
I  ***^  confines  him  self  mainly  to  the 
'^''^■ideration  of  economy,  thorough uesfi 
^  ^e  performance  of  the  work,  and 
^^  interests  of  the  aurvey  itself.  But 
•*"5h  a  measttre  could  not  fail  to  yield 
^^bleadTantages:  It  would  be  na  good 
''^  tbt  colleges  aa  for  the  exploration. 
^«^apational  grounds  alone,  nothing 
/^Qld  be  more  deairable  than  to  efiect 


the  InUm^tnetTf,  La  so  slUy  that  I  did  not 
think  it  worth  public  refutation.  Why 
should  r  care  about  refuting  it,  when  the 
sympathetic  kindness  of  the  very  men  I  was 
reported  to  have  assailed  assured  me  that 
they  did  not  beliere  a  word  of  the  indict- 
ment? I  carried  no  more  pleasant  memory 
with  me  from  the  Uultcd  States  than  that 
of  ray  reception  at  the  Presbyterian  College 
of  Tale.  The  high-mlndcd  youths  tind  cult- 
ured gentlemen  whom  1  met  there,  as  in- 
deed the  PreBbyterian  hody  generally,  a 
few  hot-headed  fanatics  excepted^  knew  how 
to  rate  at  Its  proper  worth  the  statement  of 
Dr«  Hall,  and  they  will,  I  am  persuaded, 
assign  to  its  echo  in  the  InteUiffeneer  the 
self-same  anthinetical  ralue. 

*'  Should  you  deem  ibis  letter,  or  any  part 
of  it,  necessary  to  public  enhghtenment,  you 
are  at  liberty  to  umke  public  use  of  it 
**Ever  yours  faillifdly, 
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this  arrangement  J  and  giro  the  colleges 
business  of  the  kind  contemplated. 

A  geological  Borvej  is  but  a  sye- 
tetnatic  scientific  inquiry  into  the  etnict- 
ure  and  resources  of  a  given  region  of 
country.  It  investigates  the  Btrata  of 
the  earth  nnd  their  mineral  nnd  or- 
gantc  contents,  both  to  find  out  how 
they  are  constituted,  nnd  to  contribute 
useful  prodactiona  to  the  arts  and  want* 
of  society .  In  its  full  scope  it  inquirea 
into  the  i^^^  J^ical  features  of  the  region^ 
its  agricultural  adaptntions,  its  vegeta- 
ble productions,  its  forms  of  animal 
life  in  earth,  water,  and  air,  its  atmoa- 
pherio  conditions,  salubrity,  and  gen- 
eral climatology.  In  short,  it  embracee 
a  very  full  research  into  those  fads  of 
Nature  which  it  is  important  for  the 
community  to  know,  and  the  business 
of  science  to  determine*  But  the  col- 
leges have,  for  one  great  object,  the 
teaching  of  those  very  things.  A  por- 
tion of  their  profesj^ors  are  devoted 
to  St,  of  oonrse  mider  the  assumptioQ 
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that  tbej-  are  competent  to  carrj  it 
on. 

NoWf  the  result  of  auch  an  ftlliance 
M  is  here  proposed  coald  not  bo  other 
than  salutary  upon  the  uiatitutions 
themselves.  The  effect  of  giving  them 
a  certain  dofiQite  and  responsiblo  scien- 
tific work  in  their  localities,  the  results 
of  which  woidd  be  brought  to  the  test 
of  public  criticism,  would  inevitabljr  be 
to  elevate  and  sustain  the  standard  of 
inatniction  in  their  laboratories  and 
IdGture-r 001119.  It  is  a  ^rare  dillieultj 
with  these  higher  institutions  that  their 
work  cannot  he  brought  to  judgment 
and  submitted  to  fixed  and  recognized 
tests.  Thej  are  often  the  places  for 
careless,  slipshod^  and  aimless  work. 
Mental  results  are  not  easy  of  inspec- 
tion or  vatuation ;  shaoi  and  cram  are 
showy  and  telling,  and  the  constant 
temptation  is  to  put  them  in  the  place 
of  solid  attainment ;  and,  when  coUege 
authorities  c^m  constantly  fall  back 
npon  the  pretext  that  their  aim  is  dis~ 
cipline^  and  that  knowledge  is  a  quite 
subordinate  matter,  they  open  a  door 
whit'h  allows  any  amount  of  loose  and 
slovenly  work,  and  at  the  same  time 
permits  the  teachers  to  escape  respon- 
sibility and  criticism^  But  if  a  college 
were  publicly  placed  in  the  Bcientific 
charge  of  the  region  in  which  it  is  ait- 
nated,  and  required  to  make  such  re- 
ports thereof  as  could  be  accepted  for 
guidance  by  the  community, and  brought 
into  conspicuous  comparison  with  siini* 
lar  work  in  other  localities,  the  whole 
being  under  the  supervision  of  able 
superintendents,  a  standard  would  be 
introduced  that  could  not  fail  to  give 
a  high  and  authoritative  tone  to  the 
work  of  the  place. 

Bat  the  effectual  carrying  out  of 
the  plan  now  proposed  would  not  only 
insure  able  and  qualified  men  as  pro- 

tlbaaors,  hut  much  more ;  it  would  call 
the  students  to  the  work,  and  secure 
the  grand  object  of  Bcientific  education 
by  bringing  their  mimls  into  direct  and 
systematic  relation  with  natural  phe- 


nomena.    It  would  bring  them  od 
their  dormitories  and  olasa-rooma 
the  field,  and,  while  favoring  health  ani 
cultivating  a  sympathy  with   natttra 
things,  it  would  bring  to  bear  the  stim 
nlus  of  curiosity  and  the  love  of  search 
while  the  intellectual  work,  being  o 
the  nature  of  independent  observation 
and  discovery,  would  be  promotive 
self-education — the  best  of  all  ed^ 
tion.    It  is  as  notorious  as  it  is  dep 
rable  that  the  scientific  teaching  of  ooi 
colleges  is  grossly  defective.     Geology, 
botany,  chemistry,  physics,  and  zoo!' 
ogy,  are  taught  from  books  like  Latii 
and  history,  with  the  aid,  perhaps^  ( 
a  few  demonstrations  by  the  lectn 
The   information    acquired    is    sa|| 
ficial  and  second-hand,  and  does 
deserve  the  name  of  scientific  kna 
edge.     We  believe  the  effect  npon  1 
dents  of  bringing  them  into  close  01.^ 
ttd  relation  with  surrounding  Natnn 
of  putting  them  in  charge  of  a  disti 
and  requiring  them  to  observe,  < 
and  describe  its  various  objects, 
the  incitement  that  their  useful  wq 
would  have  fair  recognition,  would  | 
to  give  iospiration  to  study,  solid 
to  acquirement,  and  the  highesst  > 
bilities  of  usefulness  to  subsequent  1 
An  important  consequence  of  and 
plan  would  be,  the  growth  of  scieati^d 
mnseums  which  would  represent  thd 
character  and  resources  of  the  lociiJitf* 
As  there  is  no  educational  applianc* 
more  important  than  a  good  mnseuin,so 
there  is  no  educationid  process  more  val* 
uable  than  the  formation  of  it    ThoM 
crude,  miscellaneous,  rubbishy  coU«o- 
Uons  of  curiosities,  and  odd  things  g 
ered  by  accident,  that  are  often  t 
together,  without  method,  in  somei 
appropriated  corner  of  an  institutioj 
are  not  entitled  to  the  name  of  mttsea 
Specimens  are  nothing  except  as  i 
trating  ideas,  and  they  require  to  bli 
arranged  as  to  teach   the  scieacs  f 
which  they  belong.     As  we  ordin 
find  them,  museums  are  hanlly  mort^ 
structlve  than  so  much  blank  space. 
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local  collection  shotild  represent, 
iti  0p«<5iiD6ngs  the  xoology^  botanj, 
ind  geologj  of  the  district     It  should 
1m  irrmged  with  a  view  to  teachings 
mdf  instead  of  being  crowded  with  a 
multiplicity  of  objects,  should  consist 
^^  care  full  j-selected,  well -arranged,  and 
^■aarljr-labelled    t^pe$  of  the  classes, 
^^tder%  families,  and  leading  geoera  of 
I  and  plants,  extant  in  the  region, 
gathered  Ln   their  fossil  Testiges^ 
its  geological  fortuatioDS,  which 
ire  at  the  same  time  represented  by 
^^^■siified  minerals. 
^^H    The  plan  now  snggested,  by  which 
^Bk  vonid  become  the  official  duty  of  col- 
^Mcg«  anthontiea  to  bring  together  the 
pfo^Qcti  of  a  region,  so  that  they  would 
l«  iceeesible  to  everybody  in  quest  of 
thu  kind  of  information,  and  at  the 
tonft  time  tribntary  to  the  purpOBes  of 
lei^'noe,  woald  give  us  museums  worthy 
of  tkft  name^  and  secure  the  proper  ob- 
jects of  their  efltablishment* 

In  every  aspect,  therefore,  the  pro- 
ject of  eetabhshing  so  close  a  connec- 
L  ti^  between  State  geological  eiplora- 
Itfiioa  ijid  otzr  higher  educational  insti- 
ItOttoas  is  to  be  cordially  commended  ; 
lod  it  is  not  the  least  of  its  advantages 
[tliit  it  coincides  with  the  gi'eat  ten* 
|[tedeiof  edaoational  reform,  and  o^ers 
I  method  of  carrying  it  for- 


msEjmric  theobhixg. 

ottr    correspondence   for    this 

nib  will  be  found  a  letter  from  a 

|<&lSiig«bihed    American    physiologist, 

the  position  taken   by  Mr. 

p|q  In  hia  apeeeh  at  the  Tyndali 

r,  aa  '*a  protest,  not  against  sci- 

»  but  in  tta  behalf^  and  agoiuBt  the 

Inflnence  of  [iretond^d  fol- 

I  or  iDi«takcn  friends ;  ^^  and  this 

r  «xprc«aei,  we  are  assured,  tbe  con* 

I  nf  many  profesaionallj  aoientifio 

r  the  preacnt  time* 

>  Kive  no  deidre  to  prolong  eon- 

niiL  aU  reapect  to  the 


professional  anthorities,  we  must  con* 
tinue  to  think  that  the  efibrts  to  limit 
and  confine  scientific  investigation  in 
the  present  age  are  uot  in  tlie  interest 
of  true  science ;  nor  can  we  see  how 
they  differ  from  attempts  to  obstruct 
the  advance  of  thought  that  have  been 
made  in  preceding  ages.  There  has  al- 
ways been  a  party  unwilling  to  allow 
science  to  find  its  own  limits.  They 
have  forbidden  each  step  of  its  prog- 
ress, and  demanded  that  it  should 
keep  within  its  sphere,  for  the  sake 
of  its  own  good.  They  have  never 
denied  science,  or  questioned  its  au- 
thority, but  only  demanded  that  it 
should  consult  its  own  interests  by 
staying  in  its  proper  place.  When  the 
work  of  investigating  Nature  was  se- 
riously commenced,  some  three  or  four 
centuries  ago,  **  Aristotle,''  "  Galen," 
and  "*  Mathematics,"  were  terms  used 
to  define  the  scope  of  legitimate  sci- 
ence; and,  when  the  first  great  step 
forward  was  taken,  and  men  began  to 
questkm  the  tradition  of  the  flotuess  of 
the  earth,  they  were  sharply  uiet  with 
the  charge  that  they  were  going  beyond 
their  si > here  and  damaging  scieuce  it^ 
self.  Men  were  as  free  as  the  wind  to 
pursue  true  soience — that  is,  to  accept 
Aristotelian  and  Galenic  dicta,  and  to 
cultivate  tbe  whole  range  of  matlie- 
maticB.  Tlie  ideal  world  was  a  sphere 
of  exact  and  eternal  truth ;  external 
Nature  was  a  mere  flux  of  isensuoiis  ap- 
pearances, not  suspectcil  to  be  a  sphere 
of  law;  the  attempt  Iq  study  her  was 
therelbre  to  invade  the  ancient  and  in- 
violable limits  of  science.  Hence,  in 
denying  the  flatness  of  the  earth,  and 
affirming  its  sphericity,  the  early  in- 
quirers not  only  shocked  common- 
sense  but  were  charged  with  violat- 
ing every  canon  of  established  scien- 
tific method.  Exactly  the  same  con- 
aiderationa  that  are  now  urged  were 
urged  then  with  tenfold  force,  and  tlie 
antagonists  of  the  new  dtH^trine  might 
well  have  said  that  they  "did  not 
propoae  to  cramp   scientific   ino 
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nor  to  limit  id  ftQj  waj  its  powers  or 
its  results,  but  only  to  prevent  its  con- 
ta  mi  nail  on  by  what  would  degrade  and 
cripple  it."  And  these  tactics  have 
been  repeated  at  every  great  step  of 
advonoement.  It  Is  never  genuine  sci- 
ence that  breaks  over  the  old  limits  of 
opinion,  bat  always  "  pretended  sci- 
ence,'* **p9eudo-acience,"  and  "science 
falsely  so  called." 

In  our  correspondent's  opinion ^  sci- 
ence has  now  attained  a  position  in 
which  it  holds  its  destiny  in  its  own 
hands,  and  is  in  no  danger  save  from 
the  folly  of  its  own  partbans.  His 
theory  of  the  case  is,  that  science  is 
now  endangered  by  excess  of  theory. 
But,  if  that  be  the  caae^  it  is  threatened 
by  its  own  breath  of  life*  A  theory  is 
only  a  view  taken  by  the  mind  in  its 
effort  at  explanation,  and  cannot  be  dis- 
pensed with,  if  observation  and  expon- 
nient  are  to  b  e  put  to  thei  r  tr  u  o  use.  He 
says  that  science  demands  of  its  votary, 
*^not  what  you  think  about  it,  but  what 
you  jt/^oir,'*  But  what  is  knowing 
bat  thinking  brought  to  the  highest 
certainty?  and  how  can  this  end  be 
reached  except  by  the  successive  steps 
of  conjecture  and  hypothesis  ?  As 
Dr.  Whewell  observes,  **  To  try  wrong 
guesses  is  apparently  the  only  way  to 
hit  upon  right  ones/'  It  is  not  Science 
which  pats  an  embargo  upon  thinking 
and  theorizing,  for  it  is  \^J  these  that 
aO  her  laws  have  been  arrived  at. 
Of  course,  science  demands  certainty, 
demonstration,  and  experimental  ex- 
actitude, if  obtainable ;  and  if  not,  then 
the  nearest  approach  to  them  possible ; 
but  these  must  have  an  ideal  and  a 
meaning,  or  there  can  be  no  science. 
Science  is  not  manipulation,  but  the 
thinking  that  aooompanies  it,  and  the 
theory  or  view  that  is  established  by  it. 
Under  the  rigid  rule  laid  down  by  the 
writer,  the  giant  intellects  who  have 
made  the  epochs  of  science  coo  Id  never 
have  jrot  a  hearing.  Oopemioii^,  Gali- 
leo^ Columbus,  Newton,  Ilnrvey,  Du- 
fay,  Young,  and  Dalton,  are  known  to 


the  world  as  thinhert^  and  have  gamed 
immortality  in  science,  and  guided  the 
multitude  of  lesser  men  by  their  th«h 
ries,  Faraday  remarks  that  the  world 
little  knows  how  many  oonjectares  and 
hypotheses,  which  arise  in  the  minds  of 
philosophers^  are  crushed  by  the  sever- 
ity of  their  own  adverse  criticism ;  hn% 
the  world  does  know  something  of  the 
number  of  theories  that  are  submitted  tc 
the  tribunal  of  science,  and  are  oroahe^ 
by  the  adverse  criticism  there  encoux^ 
tered.  Are  these  efforts  of  theory 
therefore,  in  either  case,  to  be  iBt^:^ 
dieted  or  discouraged  f  Our  corv> 
spondent  has  little  patience  with  tH% 
oriea,  but  they  are  the  measure  ct 
mental  activity  and  the  essential  form 
of  its  Rcientl^o  expression,  as  their  ine;. 
orable  testing  is  the  measure  of  i 
scientific  method.  There  may  be  | 
in  theorizing,  as  there  is  in  steam,  I 
it  is  the  condition  of  getting  on;  i 
beeause  brakes  are  useful,  let  ui  1 
pat  out  the  fires. 

If  there  is  more   theorizing  cov 
than  ever  before,  it  is  because  iheroii 
far  more  extensive  soientitic  activity 
There  is,  indeed,  greater  demand  lof  it 
now  than  ever,  for  the  numbers  of ob* 
servers  and  experimenters  who  <sitb«r 
cannot  think  or  are  afraid  to 
have  greatly  multiplied  in  recent  ye 
iiioreasinif  the  mass  of  obser^^atieni  I 
fragmentary  results,  which  can  only  j 
organized  into  accepted  theory  by  1 
highest  order  of  minds.      Gene 
tions   and  inductions   which   blad  ' 
isolated  facts  in  manageable  form,  I 
which  oonatitate  the  very  texture  of  l| 
enoe,  are  only  to  he  arrived  at  byl 
ing  and  theoriziug.    And  with  the  i 
titiide  of  men  thoroughly  trained ^ 
all  departments,  and  sharpened  to  1 
work  of  criticism,  there  is  cerl 
less  danger  now  than  ever  that  we 
less  theories  should  gaiii  the 
ency. 

The  hypothesis,  that  in  fbture  ( 
ence  can  suffer  no  damage  sax'd  1 
enemies  in  its  own  houaeholdi  we  \ 


LITERARY  NOTICES. 


H7 


tort  to  til  ID  k,  represents  but  a  small 
portion  of  tbe  pertineot  faots.     MyoU 
bu  tmiloubieJly  been  gained  bj  past 
OOofllot;  astrozLoinerd  are  no  longer  im- 
piisoood,  and  phjaiolo^nsta  no  longer 
rooited.    But  have  ignorance  and  in- 
toleriDoe  been  banislied  from  the  world  ? 
or,  remaining  in  it,  have  tliej  lost  their 
■ggretttveness  or  their  influence  over 
ONo'i  minda  ?    Have  they^  in  fact,  done 
iDore  than  change  weapons  ?     We  grant 
Uuit  the  antagonism  to  Fcience  has  great- 
ly dimiDiBhed  within  recent  years;  but* 
toiaj  that  acienc©  lias  now  to  encoEn- 
t«no€itemal  adverse  influences  which 
■ffect  its  prosperity,  is  to  talk  at  ran- 
dom,   Tbe  world  is  still  dominated  by 
Dlib^ftlity  and  prejudice ;    and  wlien 
^eace  puts  forth   ideas  that  do  not 
>qoiir€  with  prevailing  belief,  as,  from 
^<*  pro^eaaive  nature,  it  has  always 
wen  doing,  and  must  continue  to  do, 
''  is  met  with  anger  and  denunciation, 
*tich  it  requires  no  little  moral  courage 
^  ^thstand.     It  cannot  reasonably  be 
•^med  that  such  a  state  of  things  \a 
*ithoDt  influence  upon  scientifio  inter- 
••**•  It  represses  the  honest  and  healthy 
**pre8Bion  of  opinion ;  it  cheeks  young 
^^tl  from  entering  the  scientific  field ; 
^eBists  scientific   education ;  and  it 
LfJers  men  of  science  from  obtaining 
'*  necessary  means  for  prosecuting 
^■B^^ir  inquiries, 

^H^^ven  onr  correspondent  puts  Science 

^VlHm  its  good  behavior  before  a  cen- 

^^^ooi  world.     He   affirms  that  she 

'^ay  incur  damage,  and  is  exposed  to 

^^*^ger  from   her  enemies,  but  these 

*^1a,  it  is  alleged,  can  only  come  from 

K^Kucktamination  "  and  **  debauchery  " 
t  lier  own  partisans.  And  what  is 
^tnt  by  this  language,  but  the  pro- 
^tlgttioD  of  doctrines  that  her  ene* 
^^^^^  regard  aa  odious?  Stop  a  liuu- 
^"^  men  in  the  street,  and  ask  them 
^^t  tbej  ocmsider  to  be  the  great  eon* 
aation  and  debauchery  of  science 
tbe  present  time,  and  ninety*nine  of 
*%ia  will  reply,  **  DarwinisTu '* — Hie 
item  in  oor  correspondent's  new 


^  Nicene  Creed."  This  is  the  verdict 
of  public  opinion.  But  we  open  the 
new  volume  of  lit- Imholtz,  who  is  prob- 
ably the  most  eminent  and  autlioritar 
tive  scientist  in  Europe,  and,  in  his  lect- 
ure on  the  "Airaa  and  Progretia  of 
Physical  Scieuce,'*  we  read  that  **  Dar- 
win's theory  contains  an  ef^sentially 
new  creative  thought/'  This  is  the 
verdict  of  science.  Is  the  great  Ger- 
maxL  one  who  brings  discredit  upon  his 
olasa  by  thinking  instead  of  knowing  f 
and  is  the  party  which  characterizes 
tlie  creative  conceptions  of  l^'ature  as 
degradations,  to  be  accepted  as  the 
arbiter  of  the  proper  limits  of  science! 
We  remain  of  opiuion  that  scientifio 
men  are  the  best  judges  of  the  legiti- 
macy of  their  own  inquiries,  and  that 
they  will  honor  themselves  moat  by  the 
bold  and  fearless  prosecotion  of  these 
inquiries^  let  them  lead  wherever  they 
may. 


TO  TlfE  PUSLia 

A  BOOK  entitled  "Youman^s  Dic- 
tionary of  Every-Day  Wants  "  is  being 
extensively  circulated  by  canvassers, 
and  I  am  much  annoyed  at  finding  that 
it  is  purchased  under  the  impression 
that  it  is  by  the  Editor  of  The  Popflab 
Science  MowrnLY,  and  the  author  of 
the  **  Hand -Book  of  Household  Sci- 
ence," **  Chemistry,"  etc.  I  am  neither 
the  author  of  it,  nor  have  I  had  any 
thing  to  do  with  its  preparation ;  and, 
in  so  far  ns  my  narne  has  been  used  to 
sell  it^  it  is  n  fraud.  It  will  be  an  act 
of  justice  to  the  public,  as  wel!  as  to 
myself,  if  the  press  will  kindly  repro- 
duce this  card.  E.  L.  Yovuksb, 


LITERARY  NOTICES. 

Lessons  in  ELEireKTARY  Anatomy.  By  St, 
GEonoe  MiVABT,  FJi.S.,  etc,  MacmillBn 
k  Co^,  Loudon  and  New  York,  1873. 

TniB  ia  a  oompaiiloTi  volume  to  Huiley's 
"  LcBSOue  in  Fhjwolt>^y  "  and  Oliver^i 
*'  L«?9son8  in  Botany/"  and  ia  dcTOtod  mainly 
to  a  deacriptioQ  of  tbe  hunian  body,  with 
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o&lf  flo  much  of  the  anatomy  of  the  lower 
unimjiJia  as  will  serve  to  iUuatrate  the  TAria- 
tiotiB  vrbich  correspondmg  organs  exhibit 
fa  the  inferior  vertcbrdtcs.  The  first  chap- 
ter begins  with  a  gi^ueral  survey  of  the 
Btructure  of  the  human  body,  TMa  b 
followed  by  a  brief  a f count  of  the  clas- 
aiUcatioti  of  animals,  in  which  the  imthori 
adopting  the  more  modern  views,  names 
seven  ^ub^kingdoms,  illustratiDg  each  with 
the  igure  of  some  If  pic&l  fiirm,  Tbe  char- 
acterSf  more  or  less  common  to  all  anlmolSf 
man  included,  are  next  poiotod  out,  when 
leavia  la  taken  of  the  Invertebrates,  and  a 
consideration  of  the  principal  subdivisions 
of  tbe  group  or  suh-klngdora  to  which  man 
belongs  closed  the  chapter.  The  six  suc- 
ceeding^ chapterSf  or  lessons,  taking  op  in 
all  21B  pages  of  the  book,  are  npon  the 
skeleton,  wherein  the  various  sjitenu  of 
bones  arc  treated,  each  heing  deacribed, 
first,  as  it  U  developed  ui  man,  and  then  as 
it  appears  tn  homologous  parts  of  other 
vertebratefl*  The  remsoES  given  by  the  au- 
thor for  allotting  so  much  space  to  this 
dry  subject  are:  *'  I.  The  general  resem- 
blance borne  bv  the  skeleton  to  the  exter- 
nal form.  2.  The  close  connection  between 
tbe  arrangement  of  the  skeleton  and  that 
of  the  nervous  system,  tnusclea,  and  ves- 
sels. 3.  The  relations  borne  by  the<flki:^ie- 
tOD  of  each  animal  to  the  actions  it  per- 
forms, i.  e.,  to  the  mode  of  life  and  habits 
of  tbe  various  'animals,  4.  The  obvious 
utility  of  the  skeleton  in  classification  and 
the  inierpretation  of  affinity.  6.  Part  a  of 
tbe  skeleton  or  casts  of  such  arc  all  we  pos- 
sess of  a  vast  number  of  animals  formerly 
eziatlDg  in  the  world,  but  now  entirely  ex- 
tinct-, a  good  knowledge  of  the  skeleton 
must,  therefore,  b«  of  great  utility  to  those 
Interested  in  pala&ontologj/'  Leidon  eight, 
craeupying  tbe  iieit  64  pnge«,  is  on  the 
umsoles,  which  are  dealt  with  in  the  same 
matiner  as  the  bones — that  is,  they  are  first 
described  as  they  exist  in  man,  (he  more 
Important  de via tiooji  from  this  type  in  other 
vertebrate  animals  being  afterward  pointed 
out.  The  same  method  is  pursued  in  tbe 
four  remaminp^  lesson.o,  which  are  on  tbe 
nervous,  circulatory,  alimentary,  and  excre- 
tory syBteros,  respectively. 

The  book  closes  with  a  tabulated  sum- 
maryi  first,  of  the  characters  which  dbtin- 


gniah  man  from  tbe  ftiiimila  beloogiag  i 
tbe  four  lower  diiSM  of  the  Tertdbrate  sub* 
kingdom;  and,  second,  of  the  characters 
which  ieparate  him  from  all  other  mom- 
mala.  The  volume  is  clearly  printed,  haa  a 
very  fuU  index,  and,  on  tbe  whole,  seems 
well  suited  to  the  use  of  teacbera  and  oth- 
ers who  already  know  something  of  the 
siibject.  But  for  begiimers  we  doubt  its 
utility,  as  it  is  altogether  too  technical  U>. 
be  attractive  to  tbem,  and  too  closely  writ-^ 
ten  to  be  readJly  grasped  by  minda 
miliar  with  this  clasa  of  subjeds. 
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AsTiQumisa    or   titk    SouTSKnN    Iinitar^ 

PAIETICULARLT    OY  THK   OeOEQIA    Tkll^| 

By  Chakle^  C.  Jo!(£s,  Jb,     New  Vor^ 
D.  Appleton  &  Co,,  1873. 

TffiB  work  is  devoted  to  a  consideratfog 
of  the  monuments,  relics,  and  ancient  c«i. 
tome  of  the  aboriginal  population  ioxm^i^,. 
inhabiting  that  portion  of  the  United  T 
which  is  now  comprised  within  the  i 
of  Virginia,  tho  Carolina*,  Georgia,  Florf 
Alabama,  Mississippi,  Louisiana,  and  ! 
uessec.  The  antiquities  of  Ocorgia  i 
special  attention,  for  with  them  the  aai 
is  most  familiar  But,  as  all  the  tribe*  { 
ctipying  the  territories  indicated  above  1 
almost  identical  customs  and  arts,  whatl 
plies  to  one  section  will  apply  to  all,  ail 
author  well  shows.  We  think,  bo^ 
that  he  ought  to  have  made  an  exci 
of  tbe  Natchez,  who  were  sun-worship^ 
and,  In  virtue  of  that  higher  grade  ef  Ij 
tichis^tio  religion,  raised  consideral4y  i 
the  neighboring  tribes.  But  the  author  1 
no  ambition  lo  phllosophke  about  the  \ 
ligioua  or  evdturid  statua  of  tbe  eitinetf 
pies  whose  memorbls  he  has  exhumed. 
B imply  narrates  what  be  baa  seen, 
here  and  there  the  notes  of  anckat  I 
modern  travellers  to  show  the  purpose* 
artificial  mound,  or  moat^  or  plateau,  or  { 
meaning  of  on  ouilandisb  ceremony,  etaf 

The  first  three  or  four  chapters  of  ^ 
work  give  an  account  of  the   hcAitd^  ' 
physical  characteristic^  manners  and  i 
tom^,  and  arts  of  the  Southern  Indii 
the  period  when  first  they  came  in 
with  men  of  European  race,  and  | 
atti^ntion  is  bestowed  upon  their  i 
manufactures,  ornaments,  games,  fed 
marital  rclatfona,  fortna  of  goTorumeDl|i 
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il^ioBi  tdpfts,  and  fnnenil  cuttomA.  The  re^ 
r  of  the  book,  and  its  larger  portion, 
I  ntd  describes  very  fully  the  va* 
HoQg  monamenls  of  early  constructire  ikill, 
^pleiccnts,  ttteoBiU,  ortmmcDta,  and  njanu^ 
factarcfl  of  the«e  primitive  tribea. 

The  illu^^tratloEis  cofifiBt  of  SI  plates  and 
^erenJ  woodcata  of  objects  moetly  in  the 
AQtliorfl  private  ooUection,  which  are  here 
^^itd  for  the  fir«t  time. 

'te  OnumooD  or  mi  Woklb.  By  Ed- 
WiiB  Clodo.  London  and  Netr  York  : 
Micaunan,  1878. 

Tsa  is,  we  believe,  the  first  book  of  its 
"lull  ihjit  has  ever  been  published,  at  least 
i&  EngUah — a  primer  of  anthropology  and 
*TNfc>lugji,  giving  the  results  of  advanced 
''Hricra  Bciaice,  and  intended  for  the  !n- 
^^TuctioD  of  young  children.  It  is  written 
^a  iUractlve  style,  and  is  sure  to  gratify  the 
yoking  folk.  The  author  contriveB  to  con- 
^^  i  rery  large  amount  of  iiiforraaliou  in 
^eij  abmII  epaoe  and  la  very  fikuple  laa- 
S^iip;  he  can  simplify  without  debasing, 
•*il  QUI  instruct  the  young,  without  ever 
'^^ifttiiig  to  unworthy  tricks  or  making 
^■•h  OB  their  credulity,  which  matur^r 
y^fi  would  lead  thera  to  discount  The 
'^^P*',  print,  and  binding  of  the  bckrk|  are 
*^tiiatoOttld  be  desired. 

^  XxcajLXisif  Of  mt  Ossicles  or  rug 
%AA  A3n»  HiafBRANA  Tyupajil  By  U. 
BauritoLTZ.  Translated  from  the  Gcr- 
tJian,  with  the  author's  permiseion,  by 
Alaert  G.  Lcck  and  Kormand  Smith. 
X^w  Vork  :  Wm.  Wood  and  Co.,  1873. 

Is  this  little  work  Dr.  HclmhoUi  comes 
^u»e  tlie  world  bringing  the  reaulta  of  his 
^•^^  observation,  and,  as  a  matter  of  course, 
^  poors  a  flood  of  light  upon  the  subject 
^^d«k  lk#  trsAti.  The  essay  is  intended  for 
W^Mkmal  men,  and  for  students  familiar 
vltli  phjtiologicAl  leicnee,  and  t>oth  these 
***«Kf  of  rettders  will  find  here  the  only 
'"^illfe  In  any  language  which  discusses 
^Vy  tlie  anatomical,  phyiiobgical,  and 
«0p«ctt    of  the   matter    b 
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_     liOgIc  of  Medicine.    By  Edward  &  Ihrn. 
*^'  II.  P.   New  York;  D.  Appleton  &  Co. 


The  Criminal  Use  of  FropHetary  and 
Adrertised  Noatnums.  By  Ely  Von  de  War- 
ker,  M.  D.  New  York :  D,  Appleton  k  Co.^ 
1S73. 

The  Short-Footed  UnguJata  of  the  Eocene 
of  Wyoming.    By  Edward  D.  Cope. 

Criminal  Responsibility  of  Epileptica, 
By  M.  G.  EdieTerria,  M.  D. 

New  Method  of  pregerving  Tumor?*,  etc, 
during  Transportation.  By  JoiejUi  0.  liich- 
ardson,  H.  D.  Phikdel|)hla :  Lippincott, 
1873. 

Mechanism  of  the  Osilcles  of  the  Ear 
and  Membmna  TympanL  By  H.  Iletmholtx, 
Xew  York  :  Wilham  Wood  k  Co.,  187S. 

The  Scientific  Bases  of  Faith.  By  Jo- 
seph John  Murphy,  Author  of  *'  ilabit  and 
Intelligence^^ ^  London  and  New  York^ 
Macmillon,  1873. 

The  Unity  of  Law  ;  as  exhibited  in  the 
Relations  of  Phygical,  Bocial,  Mimlal,  anil 
Moral  Science,  By  H.  C.  Carey.  PhOadeU 
phia  :  Henry  C.  Bah^,  1873, 

The  Romnnce  of  Astronomy.  By  H, 
Kalley  Miller^  M.  A.  London  and  New 
York:  Macmillan,  1873. 

The  Childhood  of  the  World ;  a  Simple 
Account  of  Matt  in  Early  Timcg.  By  Ed- 
ward Clodd,  F.  R,  A,  S.  London  and  New 
Yi>rk :  Hacmlllan^  1873. 

The  Sanitarian.  A  Monthly  Journal 
A,  N.  Bell,  M,  D,,  Editor.  NewYork  :  A. 
S.  Barnes  k  Co.,  1878.     $3.00  per  annum. 

Prayer  and  the  Prayer-Gauge,  By  Rev. 
Mark  Hopkins,  D.  D.  Albany:  Weed,  Par- 
sons k  Co.,  1873. 

The  Upper  Coal-Measures  west  of  tho 
Alleghany  Mountains.  By  John  J.  Stereo^ 
SOD.     Salem^  Mass.,  1873. 
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Iftlon  of  BroQ^ht  and  C«M  on  Farcst* 

TrM.9. — In  an  able  paper  on  the  mnnner  in 
which  the  distribution  of  plants  tind  anl* 
mals  mny  be  Influenced  by  eitraordlnary 
changes  In  the  i-haraeter  of  the  seasons, 
published  in  the  Amtrican,  NaturaUnt  for 
Novenib<?r  lojtt.  Prof.  N.  S.  Shaler  attributes 
the  wide-fipre&d  deetruetlon  of  evergreen 
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treetf  wblch  beeame  bo  painfuUj  Rpparent 
duritig  thti  previous  sprmgi  to  the  act  ton  of 
drought  und  cold.  The  jei^r  preceding 
WM,  in  New  England,  one  of  tUe  dryest  on 
record,  the  gronud^  when  winter  iet  in,  hold- 
ing A  compftratiTdj  small  amount  of  moi»t- 
ure.  Thia  left  the  rwjts  of  trees  deficieDt 
in  aAp.  Not  being  well  protected  bj  anow^ 
the  ground  In  winter  wna  frozen  to  &  grent 
depthf  And,  as  the  frost  left  the  roots  In 
epringf  they  rem&yiDd  for  some  time  in  con* 
tnci  with  rektlTelj  dry  earth,  thus  causing 
ft  Bbock  too  great  for  their  Titalitj  t<»  with- 
Btand*  Dunng  the  eucceeding  aummer 
Prot  ShaJer  also  ohsiervcd  a  remarkable 
scarcity  of  snakea  and  toadj,  which  he  is 
likewise  inclined  to  ascribe  to  the  great  so- 
verity  of  the  preyioua  winter,  CoucsemJog 
the  effect  of  sacli  cUmatic  tccidenta  oa  the 
dliftracter  of  our  forests,  he  says ; 

"  Small  as  the  destruction  of  forest-trees 
iSf  it  will  doubtlesa  add  several  per  cent  to 
the  deciduous  trees  of  New  England,  and 
retnoFG  an  equal  amount  of  conifers.  The 
OODiferB  seem  to  be  relics  of  an  old  time, 
and  not  competent  to  wage  a  suceoasful 
war  with  their  younger  and  more  elastic 
cnmpctiiorfl,  the  oaks,  beeches,  and  other 
deciduous  trees.  Every  gap  that  ia  mad© 
in  our  foresits  of  coDe*bearlng  species  ia 
filled  not  nith  their  legitimate  successors^ 
but  by  forms  from  the  other  class  of  trees. 
Let  U9  Ecippoae  that  the  shock  of  the  La^t 
season  had  been  great  enough  to  kill  off 
the  whole  of  our  pines,  the  result  would 
have  bein  a  complete  ohange  in  the  ebarae* 
ter  of  our  forests ;  oaks  generally  would 
take  the  vacant  pi  nee.  Thia  would  affihrt 
the  character  of  the  undergrowth  very  ma- 
terially^ for  the  leaser  plants  of  a  pine-wood 
are  very  different  from  those  which  flouriah 
beneath  oaks,  This  would  hare  had  a  Tery 
great  effect  upon  Insect-ltfe,  and  more  or 
less  directly  influenced  the  number  and 
character  of  the  birds  and  the  mammals. 
Even  the  climate  would  bo  in  some  small 
measure  infiuenecd^  for  a  pine- forest  retains 
the  BQow  better  than  one  which  loses  its 
leaTcs  in  the  winter,  and  thus  tends  to  secure 
a  more  equable  temperature  in  the  region 
where  it  lies.  Thus  we  see  that  an  acciden- 
tal drought  might  bring  about  a  change  In 
the  assemblage  of  vital  conditionB  on  the 
iurfftce  of  the  land,  as  grftat  as  those  which, 


wh€!n  recorded  in  strata,  we  accept  as  mdi* 
eating  distinct  geological  formatlous/' 

Dental  Art  mtsg  the  Japanese.— Dr,  W. 

St,  George  Elliott,  formerly  of  tliis  city,  now 
at  Yokohama,  Japan,  sendti  to  the  Dfiiid 
Cotmo*  an  interesting  account  of  Japu- 
ese  habits  In  regard  to  teeth,  and  of  tbc 
state  of  dentistry  in  that  empire.  He  »p 
that  the  teeth  of  the  daughters  of  Japu 
are  object.^  of  envy,  and  it  Is  femarkabla 
that  a  nation  who  place  so  much  tolue  upLfli 
their  teeth  shouid  keep  up  the  cu£tom  of 
bkcking  them  after  marriage.  As  a  r^e 
the  Japanese  ba%'0  not  good  teeth,  and  itii 
rare  to  fiud  an  old  person  with  any  at  il 
Their  tooth-brushes  consist  of  tough  wood} 
pounded  at  one  end  to  loosen  the  fibML 
They  resemble  paint-brusbc?,  and  owing  lo 
iJieir  shape  it  Is  impossible  to  get  one  l)^ 
hind  the  teeth.  As  might  be  expeclf^i, 
there  is  an  accumulation  of  tartar  which 
frequently  draws  the  teeth  of  old  peoplSi 
The  greatest  accumulation  is  behind  th« 
lower  orab,  and  these  are  frequently 
cemented  together  by  a  dense,  dark-brown 
deposit^  a  quarter  of  an  inch  in  thiekaetfc 
Their  proeesa  of  manufaeturing  false  U^ 
Is  very  crude.  The  plates  are  mads  of 
wood^  and  the  teeth  consist  of  tacks  dnrea 
up  from  the  under  side,  A  piece  of  wixli 
heated,  and  pressed  into  the  shape  of  (^ 
roof  of  the  moutb.  It  is  then  taken  odl 
and  hardened  by  putting  It  into  cold  witer* 
Another  piece  of  heated  wax  b  applied  tt> 
the  impression,  and,  after  being  pressed  into 
shape,  Is  hardened.  A  piece  of  wood  Is  tlitii 
roughly  cut  into  the  desired  form^  and  th« 
model,  hanng  been  smeared  with  red  paint, il 
applied  to  it,  '^^liere  they  touch  each  otbtf 
a  mark  i^  left  by  the  paint.  This  ii  tf^ 
away  until  they  touch  evenly  all  orer. 
BharkVteeth,  b!t8  of  irory,  or  stone,  fo' 
teeth,  are  set  into  the  wood  and  retained  i° 
position  by  being  strung  on  a  thK*ad  which 
is  secured  at  each  end  by  a  peg  drireo  io** 
the  hole  where  the  thread  makes  its  e^^ 
from  the  ha  so.  Iron  or  copper  tacks  st 
driven  into  the  ridge  to  serve  for  masticil^ 
ing  purposes,  the  unequal  wear  of  ^ 
wood  and  metal  keeping  up  the  desirsi 
roughness.  Their  full  sets  ansn-er  admirt* 
biy  for  the  mastication  of  food,  but,  as  thej 
do  not  Improve  the  looks,  thej  are  wm 
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br  omaineiit  The  ordinnry  a^r- 
!t  of  teeth  U  about  fire  yeftiK^ 
equejitly  Ust  much  longer.  All 
leta  are  retained  bj  atmoidpheric 
ThU  principle  ia  coeval  with  the 
fcpan^  dentist  rr  exbti  onlj  aa  a 
trade,  and  the  status  of  those 
)•  h  is  not  ircrj  high.  It  U,  in 
nI  irith  the  carpenters — their 
l^itffli  aiea&iDg  tooihrcarptnier. 

An  lT*rT«--The  kenwl  of  the 
II  so  closely  resemble*  Ivory  aa 
e  title  of  rcgetabk  lYorf.  The 
ttttpkat  macrocarpa)  which  pro- 
ttttt  belongs  to  the  pailm-tribe. 
I  So/uth  America,  and  possesses 
fy  tkcautj.  The  stem  is  short, 
Joag  the  ground,  but  from  it« 
i  %  aheaf  of  Ught-grecn,  pizmated 
iMtrieb-plunies,  which  often  at. 
jilt  of  80  or  40  feet.  The  fruit 
Ht  U  aj  Urge  as  a  man^§  hoad^ 
M  a  number  of  nuts  of  rough, 
lisp«,€ftoli  b«ing  almost  as  large 
igjg.  When  fhlly  HpCp  the  kernel 
i  Terj  hard  and  whit«,  and  hence 
l7telepha»(i'«yf/aAfciwry),  This 
dj  wed  as  a  substitute  for  ele- 
■^  tiM  asumfiictare  of  buttons 
fvraMDenta,  lad  might  easily 
e  animal  product.  Indeed,  the 
are  odco  deceired  by  the  close 
t  between  the  two.  Ad  rant  age 
tliSt  drcumstance  in  Germany 
Kb  bone-dust  to  adalierate  their 
tlie  waate  of  the  factories  where 
(i  Nory  is  manufactured.  The 
If  detocting  the  adulteration  is 
pMpected  article.  If  it  contains 
Table  amcmnt  of  the  regctable 
be  appUcation  of  heat  will  cause 
»t  an  odor  mooh  like  that  of 
h9%  but,  If  It  is  pure  bone-du^ 
a,  It  will  emit  a  uuaMOue  and 
^oble  stench. 

laOrr  Is  B1eod.^A  writer  in 
iwM.w  finds  in  blood  two  dU- 
it^^Mllers.  One  of  these  Is 
bUi  'm  water  and  alcohol,  but 
If  bi  ttb«.  When  dry  It  has  a 
eolor,  and  is  carbon- 
of  beet,  without 


ebullition,  fhe  aah  Is  strongly  oolored 
with  iron,  and  cODtaliu  phosphoric  and 
silicic  acida^  and  a  trace  of  alkali.  It  does 
not  yield  bemin-orystals  under  any  treat* 
meat.  With  guaiacum>ttneture  and  turpen* 
tine-oil  It  gires  the  well-known  blue  color» 
and  under  the  spectroscope  is  found  to  pos- 
sess the  characters  attributed  to  alkaline 
oxyhematin  by  Preyer.  It  appears  to  bo 
identical  with  Ton  Wittich^s  hematin.  Tho 
other  coloring-matter  consists  of  dark,  blue- 
black  microseopio  crystals,  insoluble  in 
water,  alcohol,  ether,  chloroform,  and  acids, 
but  soluble  in  weak  alkaline  solutions,  to 
which  they  give  a  brownish  tint.  Jf  it  be 
then  precipitated  by  acetic  acid,  and  dried, 
it  will,  on  being  treated  with  sal-ammoniac 
and  glacial  acetic  acid,  yield  beautiful  he- 
roin-crystals. When  reduced  to  an  aeh,  it 
consists  of  pure  oxide  of  iron.  It  f^eems  to 
be  identical  with  Tirchow's  hematoidin* 

Elimination  of  CArbenlt  Add  by  the 
Sklfl« — The  amount  of  curbonio  acid  giren 
out  of  the  system  through  the  akin  in  man 
has  been  Yariously  estimated  by  physiolo- 
gists ;  but,  as  their  methods  of  determina- 
tion were  all  more  or  less  defective,  it  Is 
not  surprising  that  their  results  should  dif- 
fer Tery  considerably  from  one  another. 
Thus  Reinbard's  estimate  makes  the  av- 
erage daily  elimination  of  carbonic  acid 
through  the  skin  about  S5  gniin^,  while 
Gerloch  makes  it  120  grains;  other  authorl- 
ties  ranging  all  along  between  these  two 
extremes.  A  special  appar^itua  has  been 
devised  by  Dr^  Aubert,  of  Rostock,  for  more 
accurately  ascertaining  the  amount  of  this 
excretion.  He  scats  a  peri^on  within  a 
box,  which  fits  lightly  around  ihe  neck, 
and  through  which  a  gentle  current  of  aif 
la  passed.  Dr.  Aubert,  in  this  way,  finds 
that  hi  the  course  of  24  hours  a  maximum 
of  97  and  a  minimum  of  SS|  grains  of  car- 
bonic acid  are  eliminated  by  the  skin  of 
the  whole  body,  excluslre  of  the  head.  Y^ 
rtationa  of  temperatnre  will  of  course  aflfect 
the  amount  of  carbonic  acid  thus  excreted. 
In  the  experiment,  the  external  temperature 
wai  about  86"  Fahr. 

Benirkabte  Dlamoedi. — A  diamond  was 
recently  discovered,  st  the  Cape  of  Good 
Hope,  which  weighs  268  oarftta,    Th!»  itM 
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Builder  calk  ^normouA,  and  iccordinglj 
cliriatciu  the  new  stone  "Qoeen  of  Dia- 
monds/* But  the  Builder  h  plainly  in 
error  here,  for  there  are  nmnv  dmmonda 
whlcli  weigh  far  more,  Tbua^  the  Gratid 
HoguJ  Is  the  owner  of  a  roi^e-diataond 
whicbp  m  tho  rough  itato,  weighed  7S0| 
carata.  It  last  vcrj  largely  In  the  cuttings 
weighing  DOW  only  180}  carats.  It  la  TaU 
ued  at  over  two  and  a  quarter  millions  of 
dollars.  A  potentate  In  Borneo  owns  a  dia- 
mond weighing  367  carats.  The  "  Regent'* 
weighed  m  the  rough  410  carats.  The  **  Or- 
loff '*  weighs  19i|,  and  may  have  weighed 
thrice  as  much  In  the  rough  state.  An  Aus- 
trian diamond  weighs  189|,  ond^  as  the 
lapidary  cannot  cut  lhca«  stones  without 
deprlYing  them  of  at  least  half  their  weighty 
it  must  hare  been,  In  the  rough,  larger  than 
the  Cape  **  Queen."  But  the  name  given  to 
this  newly-found  stone  will  appear  still  more 
inoongruous  when  we  consider  Ita  quality. 
A  diamond  la  said  to  he  of  the  first  water 
when  It  Is  perfectly  Hmpld  and  colorlcaa, 
and  free  from  flaws,  and  of  the  second  or 
third  water  Sn  proportion  as  U  departs  from 
this  standard.  But  this  Cape  diamond  is 
of  a  yellow  color,  and  marked  with  6aws — 
it  IJj  therefore,  not  of  the  firti  w€tter^  and 
would  in  all  probability  be  classed  by  the 
lapidary  as  of  the  third  water, 

Pro^ietlan  of  Sex-Silt  tn  Fortmgal.— 

The  sjilines  of  Portugal^  at  Setuhal,  Lisbon^ 
Aveiro,  and  Algarve^  yield  annually  2fiO,000 
tons  of  sea-salt  According  to  Prof,  Wau- 
klyn,  in  the  Meelianict*  Mapazifu^  the  pro- 
cess of  manufacture  at  the  first-named  place 
Is  as  follows  :  There  is  a  vast  reservoir  of 
about  four  acres  In  extent,  eight  Itiehca  deop» 
and  partitioned  Into  squares  of  about  1 30 
yarda  in  surface.  Heads,  Ibrec  feet  wlde^ 
•eparmie  the  squares,  and  the  latter  all  com- 
munlcate  with  the  main  reservoir  of  sea- 
water*  In  autumn  the  whole  salt  marsh  is 
overflowed  to  the  depth  of  20  inches.  This 
water  evaporates  In  tho  springs  the  roads 
tppearing  above  the  surface  In  June.  Then 
the  tanks  are  cleaned  out,  and  afterward 
left  to  thomselres,  and  recharged  from  time 
to  time  with  new  snppiies  of  water.  In  20 
days  a  layer  of  salt  over  one  inch  thiok  is 
found.  This,  tho  first  crop,  Ls  collected, 
mid  the  toroks  filled  again.    In  20  days  an- 


other crop  is  gathered.  If  t 
favorable,  three  crops  may  1 
lected  before  September,  whea 
Hooded  for  the  winter. 


Controtilitg   Sex   In    Battfrilc&^The 
American  Naturalid  for  March  contolna  aa 
admirable  essay  by  lira.   Mary  Treat,  in 
which  she  brings  a  long  array  of  facts  to 
prove  that  the  acx  of  butterflies  depeodi, 
in  some  cases  at  least,  farther  upon  the  ei- 
tcmal  conditions  surrounding  the  krrs,  of 
caterpillar,  than  on  its  anatomical  structurt. 
The  restdts  of  the  author^s  experiments  ooa* 
tradiet  the  doctrine  of  most  entomologist^    . 
which  asscrta  that  even  in  the  egg3  of  thtf 
LepidopUra  the  germs  of  sexual  dlflerenM 
may  bo  discerned.     The  editor  of  the  AWi*- 
ratiit  quotes  from   several  anthoritiesi^  to 
show  that,  in  the  case  of  oil  animals  whkh 
reproduce  by  eggs,  the  sex  is  prohAblf  dfr 
termined  at  or  about  the  time  of 
tlon,  or  at  least  early  in  the  embryonic 
Mr.  T.  W,  Wonfor  also,  writing  on  **C( 
Wingless  Insects,"  in  Hardwicke  for 
nsBcrts  that  the  very  same  conditions, 
tack  of  abundant  food,  or  altematiooi 
scanty  and  bountiful  food,  which, 
to  Mrs.  Treat's  experiments,  deterrome 
sex  of  the  future  Imago^  or  butterfly, 
only  to  "produce  dwarfs  or  monstrosi 
The  writer  in  Hardmdke^  we  may  add, 
that  no  sex-difference  ia  dlsoemible  i 
in  the  eggs  or  in  tlie  Iottol    Mrs. 
observations   and   experiments,  it  w1 
seen,  were  very  tlio rough-going  and 
carefully  conducted^  and  will,  d( 
tract  the  earnest  attention  of  m 
Some  two  yeara  ago  Mrs.  Treat 
larva,  which  had  already  taken  soido 
toward  the  chrysalis  state,  upon  a  fresh 
of  caraway,  and  was  surprised  to 
commence  eating.      It  then  eonti 
eat  for  some  days  before  chiingtng 
chrysalis.     She  next  placed  a  cm 
other  larva}  on  similar  steios  of  cai 
while  still  others  she  deprived  of  food 
gether.    Those  of  the  last  lot  whkli 
pic  ted  their  transformations  were  all 
and  all  the  butterflies  from  the  fint  loti 
femalei. 

The  next  experiment  was  commi 
Juno  last.     In  July  the  author  had  il 
two  hundred  larrte  feeding  at  once. 


MISCELLANT. 
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Mdktdy  tiltf  the  la«l  mouH,  a  nombcr  of 
Ifaoi  were  ahut  up  m  pnper  boxes^  five  to 
(ft  a  t  bos,  and  dcpdved  of  food.  If,  two 
'  or  tfafe  dA]r«  B.fler  coo^emcot  la  the  boxes, 
lay  of  tbo  knr«  wens  Ibmid  waadenng 
iftwt»  thej  irere  fed  very  sparingly.  Near- 
ly ill  cf  tbem  lived  to  complete  their  tnms- 
fomfcioniL  Another  lot  were,  m  like  man- 
Ill,  pal  in  boxes,  but  Eup plied  with  abim- 
dul  food.  From  the  latter  came  sixtp 
dgfal  remalea  and  only  four  males ;  from 
l^ibrzner  lerenty-tix  males  and  only  three 
fatlet.  Fire  lame'  that  were  eating  vig- 
QCMily  v«re  ako  taken  from  their  food  a 
^  or  two  before  tbey  would  haTc  been 
ntcd.    Of  these,  four  turned  out  females. 

inother    experiment    was    this:    Soon 

likct  the  last  mooltf  twenty  larvis  were  de- 

^.|rired  of  Ibod  for  twenty-four  hours.    Then 

D  of  them  were  given  abundant  food  again, 

I  loQg  a5  tbey  would  eat.     One  of  these 

[  Btt  ifi  deftth  by  accident  in  the  cbrysalls 

Mtti^  bni  all  the  rest  became  female  but- 

Of  the  other  ten,  two  died  in  the 

I  iut« ;  the  remainder  were  males. 

Some  twenty  half-grown  larrm 

Vamtma  anHopa  were    accidentally 

I  of  food.    Twelve  of  tbem  died  of 

fattl  the  remainder    completed 

On  diasection,  these 

Itl  pfovod  to  be  males.    The  indefati- 

iMtdaoi  poshed  her  inrcstigationa  fur- 

,  for*  having  found  thirty-three  lar> 

f  stt  imlanullar  species,  she  ff.*d  them 

Rtly,  till  Ihey  would  eat  no  more. 

and   beautiful  moth  Ihyoeampa 

i  its  appearance  in  due  time, 

•ere  twenty-nine  females  and 

I  males,  the  remaining  two  haTing 

K^Md  or  died.    Finally,  a  lot  of 

i«  speeiei  of  caterpillars  were  left 

el  food.    Soma  of  them  were  killed 

e^  othen  died  of  etarrntion,  and 

I  vhidi  simrived  were  all  msles. 


there 


ipaasiirf  I 


I  ^jnifophobic 


I  the  iflUftuitloD.— The 
I  of  time  vhicii  elapses  between  the 
lif  ■  rabed  soimaJ  and  the  appearanGe 
symptomi   varies  over  a 
L    The  disorder  id- 
mkt»  ifi  appearance  earlier  than  the 
day  aiUr  inoculation  {if  inoculation 
t  W) ;  er,  agsio,  the  Tima  may  be  hid- 
tlbe  wiHiad  for  weeks,  months,  or 


even  years.  Physicians  say  that,  in  most 
cases,  hydrophobia  manifests  itself  in  from 
four  to  eight  weeks  ailer  the  bite,  though 
tl^ere  are  many  authentic  caaea  where  the 
period  of  incubation  extended  over  eight  or 
nine  month?^  and  in  one  instance  even  as 
long  as  seven  years.  In  this  term  inmba^ 
iion  is  Implied  an  hypothesis  gratuitously 
assumed,  and  scarcely  susceptible  of  direct 
demonstration.  It  is  found  that  a  patient 
bitten  by  a  rabid  animal  passes  a  certain 
length  of  time  without  manifesting  bydrO' 
phobic  symptoms,  and  it  is  supposed  that 
the  germs  of  the  disease  have  been  slowly 
maturing.  But,  as  there  Is  no  other  disease 
whose  period  of  incubation  is  so  long  or  so 
varying  in  duration,  the  hypothesis  which 
traces  hydrophobia  to  animal  virus  finds 
no  foundation  in  analogy^  and  is  conse- 
quently very  weak. 

It  b,  therefore,  very  natural  that  medi- 
cal men  should  begin  to  study  the  whole 
question  anew,  and  attempt  other  explana- 
tions of  ibis  disease.  Thus,  Dr.  D.  E. 
Tuke,  whose  paper  on  the  "  Blanching  of 
the  Hair  "  appeared  in  our  December  num- 
ber, has  lately  published  a  work  on  tho 
*'  Influence  of  the  Mind  upon  the  Body," 
and  there  supports  the  proposition  that  hy- 
drophobia Is  produced  solely  by  the  action 
of  the  imagination.  The  author  cites  cases 
where,  beyond  all  doubt,  hydrophobic 
symptoms  were  developed  without  inocukk- 
tion.  A  notable  instance  is  that  of  a  phy- 
sician of  Lyons,,  named  Chomel,  who,  hav- 
ing aided  in  the  dissection  of  several  tic^ 
tims  of  the  disorder,  imagined  that  he  had 
been  inoculated  with  the  virus.  On  at- 
tempting to  drink,  he  was  seized  with 
spasm  of  the  phorynx,  and  in  this  condi- 
tion roomed  about  the  streets  for  three 
days.  At  length  his  friends  succeeded  in 
convincing  him  of  the  groundlessness  of  his 
appreheBsioos,  and  he  at  once  recovered. 
Rush  also  tells  of  ca«es  of  spontaneous  hy- 
drophobia, which  arose  from  no  other  cause 
but  fear  and  association  of  ideas. 

A  German  physician,  too,  Dr.  Marx,  of 
Gottingen,  as  we  learn  from  the  C/i'«i>,  Is 
disposed  to  take  this  view  of  hydrophobia, 
and  to  regard  it  as  a  psychical  affection,  the 
result  of  morbid  excitement  of  the  imagi* 
nation.  He  m  of  the  opinion  that  the  bite 
of  a  mad  dog  does  not,  of  ttself,  produce 
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the  ejmptoms  of  bvdrophobla,  and  th&t, 
were  it  nai  lor  the  comraoQ  b^ilief  In  canine 
TiruSf  the  ffpasma  anil  other  maolfeatAtions 
of  the  diaeode  WDuld  not  supervene.  This 
Tiew  U  confirmed  by  the  fact  that  young 
childreDf  who  are  not  acquainted  with  Ihe 
coDimoD  bdicf  aa  to  hydrophobia,  may  be 
bittea  by  mad  doga  and  escape  gpasms  and 
madnesa.    He  adds : 

'*If  we  are  able^  ai  in  olden  timcflf  and 
in  the  case  of  children^  to  Lnstnict  or  induce 
men  to  be  perfectly  quiet  after  they  are  bit- 
ten by  a  rabid  dog,  not  to  tremble  or  be 
frightened}  but  to  banish  anxiety,  to  control 
their  imagination^  and,  with  patience  and 
hope,  to  look  forward  to  recovery,  and  also 
to  peratiade  the  well  to  remain  with  the  un- 
fortunate  one,  and  not  to  run  away,  but  to 
cheer  him  in  the  hour  of  trial,  then  the 
means  may  have  been  discovered  by  which 
the  efft!CLa  of  the  accident  are  to  be  ban- 
ished, and  the  poison  in  the  wotiud  neutral- 
iied." 

OdaroQS  ind  LIqnfflahle  GMr«t  whAt 
Cuses  may  be  llqnefled, — A  writer  in  the 
Fharmnce%tfical  Journal  notes  a  remarkable 
relation  between  the  odor  of  gases  and  their 
reducibility  to  the  liquid  or  salid  state. 
Thus  oiygen,  hydrogen,  and  nitrogen,  which 
have  no  odor,  cannot  be  reduced  either  by 
pressure  or  by  cold.  On  the  other  hand, 
chlorine,  which  has  a  very  strong  odor,  is 
easily  condensed  to  a  liquid.  Again,  the 
protoiide  of  carbon,  being  odorless,  cannot 
be  condensed,  while  the  dioxide  or  carbome 
acid,  which  has  a  faint,  pleasant,  and  pun- 
gent odor,  can  be  reduced  to  a  liquid,  and 
even  to  a  soUd  state.  Nitrous  and  nkrie 
oxide,  the  latter  of  which  is  odorless,  show 
similar  phenomena.  An  exception  to  the 
general  rule,  that  gases  which  are  odorous 
are  condcnsible,  is  furnished  by  acetylene, 
which,  though  having  a  faint  garlic  smelly 
has  never  been  condeDsed.  Usually  con- 
deni^ibility  stands  In  a  direct  ratio  to  the 
strength  of  the  odor  poraessed  by  a  gas, 
Thtm,  sulphurous  acid,  which  has  a  noost 
intense  odor,  becomes  a  liquid  under  a 
pressure  of  two  atmospheres,  at  15°  Fahr,, 
while  mifrous  oxide^  which  has  but  a  faint 
smell,  requires  fifty  atmospheres,  and  a 
temperature  of  7.2*  F,  A  few  gases  hav* 
ing  a  fetid  odor  are  exceptions  to  this  law, 
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but  it  holds  good  so  generally,  that  i 
gases,  arranged  according  to  their  redud* 
billty,  and  another  list  arranged  according 
to  their  properties  of  smell,  will  ahow  « 
tough  though  marked  coioddenoe. 

The  Sfiertras<op«  and  the  Bes^aer  Pnh 

««s,— Prof.  Tidy,  in  a  lecture  on  the  spec 
troscope,  thus  briefly  describe*  its  impo^ 
tant  practical  application  in  the  Bessemer 
process :  ^^  Cast-iron  contains  a  great  amooot 
of  carbon,  and  in  the  Bessemer  process  thii 
carbon  is  got  rid  of  by  burning  it  out  of  tbs 
molten  Iron  with  a  blast  of  atmospheric  sir. 
The  fluid  cast-iron  is  placed  in  a  large  19- 
tort  lined  with  refractoi^  clay.  This  retort, 
the  eonvei'ier  aa  it  is  called,  turns  on  a  pkol. 
Through  the  pivot  a  tube  passcis  in  conaeiV 
tion  with  a  very  powerful  blowing  apparstni^ 
by  which  air  can  be  blown  into  the  motecB 
iron.  That  air  burns  out  the  carbon,  the 
heated  gases  issuing  as  a  flame  from  tbe 
converter.  Kow,  it  is  very  importtnt  tv 
stop  that  blowing  process  directly  the  t 
arrives.  Ten  seconds  too  soon,  or  teal 
onds  too  late,  and  the  charge  is  spoQt 
pe Hence,  I  grant  you,  does  guide  the  i 
er,  but  experience  is  a  costly  thing; 
this  I  atn  confident  of:  laud  experie&ea^ 
you  will,  It  will  not  weigh  down  ttie  i 
when  we  have  in  the  opposite  pan  < 
scientific  ejperiment  The  Bessemer  I 
as  it  issues  from  the  converter,  is  ( 
by  the  aid  of  the  spectroscope.  No 
substances  are  yislble — sodium,  ; 
iron,  hydrogen,  carbon,  etc.  All  of  a  i 
den,  in  a  second,  the  carbon-lines  < 
pear,  and  that  b  the  moment  when  tba  i 
blast  must  be  tum^  off,  for  now  tbe  en 
is  burnt  away,  and  the  iron  is  convertedt^ 

Heir  niterla]  for  nianliitlig 
(7af,  the  gas-light  journal  of  Pari.*",  caU«< 
attention  of  the  directors  tyf  gas-works  i 
new   Utuminating  material,  vtg^t^t  ^ 
This  msteriul  is  made  by  the  Patent  (Ml  1 
Stearin©  Company,  of  England,  from  ^ 
residues  of  the  manufacture  of  olive,  | 
cocoa,  and   other  oils.     In  England 
widely  used,  being  employed  in  gas-w 
in  connection  with  coal,  with  a  viewj 
ment  the  volume  of  gai,  as  well  i 
minating  power.  The  London  Gaa-tt 
pany  constantly  employs  It,  mixitig  i 
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rtAiD  proportions  wUli  the  coal,  &nd  the 
ik$  Compmny  of  the  Crjst&l  Patace  uses 
ttdfl  oftterial  oalj,  to  produce  a  rich  gm. 
Tht  pilch  U  solid  and  glUtening,  tad  di«tilB 
very  nptdlj  in  the  common  gna-retorta, 
luring  scarcely  any  residue.  In  caac  m  larg^ 
tBMQat  of  gs«  IS  required  to  he  fumUhed 
htrerj  short  time,  this  property  of  rapid 
dMbUun  ia  of  high  importance.  Ita  jield 
«lgu  b  said  to  he  very  conaiderahlCf  hcing 
Hft  10  8S0  cubic  meirea  (830  to  980  cubic 
jui$)  to  the  ton.  The  illuminatlDg  power 
tf  4Ua  gM  ia  equal  to  that  of  33  eiperm- 
f  h  to  the  pound.  It  is  too  rich  to 
with  the  ordinary  burner.  It  is 
t  employed  to  eoricb  gaa  made  from  in- 
It  eootaina  seateely  any  buI- 
pcr  cent.  The  analysia  of  the 
I  CblUHra :  Volatile  matter,  HA^ ; 
lndorboQ*  21.98;  aahea,  3.88. 

Altftiity  ©f  lUa,--The  following  letter 

r  John  Lubbock  appeared  in  Nature 

i  57tli  of  March :  "  I  have  received  a 

Mr.  Edmund  Calvert,  in  which 

me  that  hia  brother,  Mr.  Frank 

Itas  recently  discovered,  near  the 

what  he  rugards  as  conclusive 

I  of  the  existence  of  man  during  the 

I  period.     Mr.  Calvert  had  prerioua- 

me  tome  drawings  of  hones  and 

riroiQ  the  strata  in  queation^  which 

.  8«ik  and  Mr.  Gwyn  Jcflreya  were  good 

i  ta  examine  for  me.     Ue  haa  now 

m,  figment  of  a  bonc^  probably 

dthcr  to  the  dinotherium  or  a 

,  cfi  tlia  ecmvez  aide  of  which  is 

I  i^pwtnution  of  a  homed  quad- 

■fcbed  neek^  lotcnge  shaped 

boif  liody,  straight   fore-legs,   and 

Bd.'    Then?  are  aJ#o,  he  say5,  traces 

I  or  eight  other  figures,  which,  bow- 

^  if*  nearly  ohlitenued.     He  informs 

Ia  iW  tftme  strstum  be  has  also 

UM  faltei  and  acreral  bones  broken 

k  V  iir  lh#  extraction  of  marrow.    This 

r  veuld  not  only  prove  the  exist- 

Bttfi  in  Miocene  timet,  but  of  men 

alreAdy  made  some  progrcsji,  at 

,  m  ifft.     Mr.  Calve^rt  aeaurca  me  that 

oio  doubt  whatever  as  to  the  geo- 

I  afe  ef  the  stratUTn  from  which  these 

sre  obtained.    Of  course  I  em 

A  poakkn  myidf  to  txpress  any 


opinion  on  the  subject,  but  I  am  sure  thai 
the  statements  of  eo  competent  an  observer 
as  Mr,  Calvert  will  interest  your  readers^** 


NOTES. 

Ths  population  of  France,  as  shown  by 
the  census,  wna  38,0G7»064  in  the  year  186G. 
The  oflSciiil  es^limate  of  annual  increase  is 
130,078 — or,  for  the  eev^n  years  endinj^ 
Janimry  1, 1873,  910,646,  Total,  38,977,610, 
But  the  actual  census  gave  only  36,102,921, 
showing  A  loss  of  2,874,680.  Deduct  the  of- 
fieial  estiiuate  of  Alsace*  Lorraine,  I,5D0,238, 
and  the  remainder,  1,270,451,  represents 
the  decline  of  population  during  seven  years. 
The  excess  of  females  over  males  is  now  100 
per  cent,  greater  than  ever  before. 

Tux  epileptiform  convulsions  excited  by 
the  internal  administrotion  at  essence  of 
wormwood,  and  Japan  coniphor^  may,  ac- 
cording to  recent  eipcrimeiita  In  France,  be 
effectually  prevented  by  the  use  of  bromide 
of  potassium.  This  ia  regarded  as  add!« 
tional  evidence  of  the  value  of  the  bromide 
in  the  treatment  of  epilepsy. 

Thk  raedicAl  officer  having  under  super- 
vision the  schools  for  pauper  ihlldren  in 
three  of  the  parishes  of  Londcn  reports  that, 
among  those  admitted,  from  thirty  to  forty 
per  cent  are  afflicted  with  ophthalmia  In 
some  of  it3  stageti,  und  that  bringing  the 
children  together  in  this  way  conccntmtea 
and  favors  the  spread  of  the  disease.  The 
immediate  cauq,e  of  the  affection  in  most  of 
these  cases  is  held  to  be  the  dirt  and  dust 
of  the  streets  which  h  allowed  to  aecumu- 
kte  at  the  inner  eorner  of  the  eye,  where  it 
foiins  a  semi-^oHd  masa  which  initatcs  and 
inflames  the  lids, 

DiEti,  in  Jers^ey  City,  on  Sunday,  March 
9  th,  Charles  F.  Di'Bant,  aged  68  years. 
Deceased  was  a  diligent  etudt  nt  of  Bcieoce, 
and  eome  yeiira  elnce  publie-hed  a  valuable 
work  on  the  **  Shells  and  i^ea- Weeds  of  tho 
Harbor  of  New  York.'*  He  was  also  the 
author  of  a  work  on  astronomy,  which  was 
printed  for  circulation  among  gcientific  men. 
in  18S3  Mr.  Bnrant  made  the  first  balloon 
aB{.ension  ever  made  in  tbii;  country.  His 
aerial  voyages  numbered  in  nil  fifteen, 

PmtotEFM  has  been  found  in  large 
quantities  in  Ecuador.  Wtlk  have  been 
sunk  at  varioufi  poitits  between  the  sulphur- 
ous springs  of  San  Vicente  and  the  Mea-shore. 
In  some  of  these  the  petroleum  is  fluid,  like 
whale-oil,  hut  in  others  it  hss  t!te  consist- 
ence of  butter.  In  the  upper  part  of  some 
of  the  wells  it  can  be  seen  in  hard,  compact 
masses,  which  prolsably  have  been  formed 
by  the  evaporation  of  the  more  liquid  por- 
tions. 


. 


■ 


Mr.  Wat  I  ah  Yatss  has  made  the  fol- 

lofvmg  importunt  modificAiioiiB  in  the  Pavj 
ktnp :  He  dii^pen^e^  with  wire  gauze  im' 
medialeJj  around  the  dame^  replacing  ft  in 
front  with  a  strong  lens,  and  behind  with  a 
ftiWer  reflector.  The  miner  cannot  raise  the 
flame  bo  high  as  to  heat  the  gauze,  and,  if 
he  would  open  the  lamp,  to  light  hia  pipe, 
he  is  foiled,  for  that  caunot  be  done,  with- 
out extinguiishing  the  flame, 

A  coftRESPOKD£NT  of  the  Landt  ielU  of  a 
hen  laying  a  pair  of  egga  of  good  average 
flizo  within  the  space  of  ten  minutea.  The 
iaine  writer  found  in  his  poultrj-yarcl  a 
double  egg,  or  two  egga  combined,  Thid  i^ 
not  a  case  of  merely  double  yelk  within 
one  shell,  which  ia  common  enough,  hut  of 
two  complete  eggs,  with  separate  sheila  en- 
tire, except  at  the  points  of  contact. 

ly  Rufisita  the  sunflower  ia  cultivated 
for  the  oil  which  it  yields.  This  oil  is  used 
in  cooking  as  well  as  for  tamps,  for  aoap- 
making,  and  for  making  paints.  Fifty  buahels 
of  fl««3  may  easily  be  grown  on  an  acre  of 
land. 

At  a  recetit  meeting  of  the  French  Acad- 
emy a  ina^et  was  exhibited  by  M.  Janiin 
which  carries  more  than  thirty-two  limes 
its  own  weight,  whereas  the  greatest  carry- 
ing power  hitherto  obtainable  In  arti3cial 
magnets  has  been  not  above  four  or  five 
timefl  their  weight.  Instead  of  the  thick 
plateii  ustiaily  employed ,  M.  Jamiifd  mag* 
net  U  made  up  of  a  number  of  very  thin 
piat«a  superposed  on  each  other,  and  all 
thoroughly  magnetized.  By  this  contrivance 
the  volume  and  weight  of  magnet o*clectne 
machines  can  be  very  considerably  red  meed. 

It  liJia  been  ihown'by  M,  Berard  that, 
when  fniits  are  set  in  the  open  air  or  tn 
oxygen  gas,  a  certain  volume  of  oxygen  dis- 
appear?, and  at  the  same  time  a  nearly  equal 
volume  of  carbonic-acid  gas  appears  in  its 
place,  I  ft  however^  the  frwits  are  plttci?d  in 
carbonic  acid  or  any  other  inert  gaii,  there 
Ib  still  produced  a  notable  quantity  of  car- 
bonic acid,  fls  though  by  a  kind  of  fermen- 
tation; andfBlnce^  under  these  condition?, 
the  oxygen  necessary  to  the  change  is  not 
furnished  by  the  surrounding  medium,  it 
must  be  sup  pi  led  by  the  saccharine  matter 
of  the  fruits  themselves,  a  considerable  part 
of  which  13  thus  transformed  into  alcohol. 

A  French  horticulturist  has  perceived, 
that,  wherever  a  fruit — a  pear,  for  instanoe 
—rested  upon  some  branch  or  other  sup- 
port beneath  tt,  that  fruit  always  grew  to 
a  large  sixe.  The  support  given  to  the  fruit 
peimitH  the  sap  vessels  of  the  stem  to  re- 
main open,  and  the  fruit  can  receive  abun- 
dant nouri*hmQnt.  Mr.  Thomas  Meehan 
made  substantially  the  same  observation 
■0IQ6  years  a^. 


Eighteen  men  and  63  women  died  dnH 
the  past  year  in  Engbnd  at  the  age  of  1 
years  or  over.  There  were  stiH  living,  wli 
the  census  was  taken,  6  men  and  22  woon 
100  years  old;  1  man  and  14  wotnco,  1 
years ;  8  men  and  11  women,  lOS  jean; 
men  and  6  women^  103  years ;  6  men  ai 
7  women,  104  years ;  2  women,  106  year 
A  woman  died  in  Huddersfield  at  the  i^ 
of  107,  and  a  man  in  StalFordshire  was  It* 
years  old  when  he  died. 

On  the  American  Continent,  the  tSf^voii 
or  Big  Tree  of  California,  can  find  ■  CQO 
genial  home  only  in  a  very  few  localiiica.  & 
England,  however,  it  appear?  to  thnve  ad 
imrahly,  and  various  **  improved  "  varklit 
have  already  made  their  appearance  iben 
The  Wetping  Sequoia  is  the  latest  nordty. 

Tees  ancient  Egyptians  possessed  th 
art  of  so  tempering  bronEe  that  it  weal 
take  and  keep  a  pharp  edge.  Sir  Gardioe 
Wilkison  found  in  tombs  bronze  diggn 
which  were  almost  as  clastic  as  sted,  ifii 
having  been  buried  3,000  years, 

Nicm.  Otti  has  been  found  cropping  on 
in  the  countie:^  of  Madison,  Iron,  and  Wa^ 
Missouri ;  and  at  Sand  Fmirie,  in  the  ttm 
Slate,  a  new  lead-mine  has  been  discoverid 
The  prospectors,  says  the  Iron  Afft^  tod 
out  4,000  pounds  of  the  mineral  three  boon 
after  the  lead  was  struck. 

On*  of  the  chief  potato-growing  pr<y^ 
inces  of  Holland,  Groningen,  has  thirt«« 
mills  devoted  to  the  conversion  of  potatoel 
into  flour.  Nearly  the  whole  crop  of  tbi 
province  is  thus  disposed  of,  the  dallf  pM 
of  the  milts  being  some  246  tons  of  potito- 
flour.  A  large  part  of  this,  according  tt 
the  GlasgoiB  Wtekh  Herald^  is  consumt^  il 
the  adulteration  of  wheal-tlour  in  England. 

AccoBDiNo  to  the  French  chemist  D* 
mas,  the  new  ly-d  is  covered  art  of  deeotitiM 
walls  with  titi-foilf  bearing  dcj^ig^tf  In  w 
colors,  has  in  a  somewhat  modified  fonn  bm 
succcaa fully  practised  by  the  ChiBeM  t 
a  long  time, 

A  VEIN  of  plumbago,  eight  feet 
has  been  diseovert^d  in  Missouri.  TTill  i 
the  first  deposit  of  tliis  useful  mineral  ftwa! 
in  the  West.  The  vein  at  Sturbridge,  Hm 
varies  In  thickness  from  one  inch  to  ti( 
feet  There  are  also  plumbagn-n^iMi  • 
Brandon,  Vt,  FishkUJ,  N,  Y,,  Wake,ir,a 
and  St  John's,  N.  B, 

FouNO/xw/  mortem  in  a  lunatic's  i 
44  pieces  of  shirt,  41  do,  pocket-h 
chief,  10  do.  caps,  8  do.  braces,  7  do.  ( 
ber-pot  handle,  6  do.  stick,  5  do. 
do,  coal,  3  do.  stocking,  2  do,  rag, 
tobacco-pipe,    1     do.   iron,    4    pcb' " 
knitted  cuff,  1  aconu    Tolal  w« 
Slba. 
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tow  THE  SEA  DEPTHS  ARE  EXPLORED. 

OXE  of  the  most  recent  and  impreseive  examples  of  tbe  interac- 
tion of  science  and  art  by  wltich  knowledge  is  extended^  and 
^*^n'(j  control  over  Nature  iucreafted,  is  furnished  by  the  late  reinark- 
*l>l€  in^^estigations  into  the  depths  and  life  of  the  sea.     The  taking  of 
•fundings  is,  of  course,  as  old  as  oavigation,  and  is  an  indispensable 
portion  of  the  mariner's  art.     The  record  of  these  soundings  was  em- 
bodied in  charts  by  which  sailors  were  guided  in  unkrum'ti  waters. 
^Aji  commerce  extended,  such  observations  became  more  full,  and  re- 
iP^lted  in  gystematic  coast-sarveys  in  which  the  depth  of  water,  cur- 
^^tits,  magnetic  conditions,  temperatures,  tides,  and  winds,  were  taken 
'Uto  ttcconnt,  and  the  knowledge  thus  accumulated  gave  rise  at  length 
^    a  great   science — the   Physical   Geography  of  the   Sea,      About 
^^enty-five  years  ago  a  new  step  was  taken  toward  the  extension  of  our 
•tnowledge  of  sea-depths.     Science  had  given  to  the  world  the  electric 
^legraph,  and  commerce  demanded  that  it  should  be  laid  across  the 
^^an.     For  this  purpose  the  bed  of  the  North  Atlantic  retpiired  to  be 
^M^ully  examined  and  mapped,  and  the  configuration  of  the  sea-bot- 
and  the  nature  of  its  material  determined.     This  gave  a  new  im- 
tlse  to  the  an  of  sea-soundiog.     The  transatlantic  cable  was  laid^ 
>t  broken,  and  the  end  of  it  was  then  fished  up  from  a  depth  of 
iy  two  miles.     A  great  victory  was  thus  gained ;  the  bottom  of 
.  was  no  longer  inaccessible,  and  the  possibility  of  its  scientific 
fploration  became  established.     Hitherto,  i*ea  observations  had  main 
fercnce  to  the  advantages  of  navigation  and  commerce;  but,  from 
>v«  time  forward,  the  idea  was  entertained  of  pursuing  the  investiga- 
*^ti  in  the  interest  of  science  alone.     At  the  instance  of  the  Royal 
fiety,  the  British  Admiralty,  in  1808,  granted  a  small  government 
P*Mel,  the  gunboat  Lightning,  to  Dr.  William  B.  Carpenter  and  Pro! 
'^yrille  Thomson,  to  be  used  for  drtn^lging  the  bottom  of  the  sea, 
^M  in%'esttgating  its  animal  life.     So  promising  were  the  results  of 
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this  experiment,  that  a  second  expedition  was  arranged  in  1869,  and 
the  government  surveying-vessel  Porcupine  was  assigned  to  the  nat- 
uralists to  carry  on  the  work.  This  expedition  was  also  so  highly 
successful,  that  the  ship  Challenger  has  now  startecl  out  on  a  four 
years'  voyage  around  the  world  to  carry  out  a  comprehensive  plan  of 
deep-sea  observations.  We  noticed  very  briefly  last  month  the  ad- 
mirable work  of  Prof.  Wyville  Thomson  on  "  The  Depths  of  the  Sea," 
giving  a  history  of  what  has  been  lately  done  in  the  investigation  of 
the  subject.  We  propose  now  to  lay  Pro£  Thomson's  work  under 
contribution  for  the  benefit  of  our  readers,  and  especially  to  give  some 
account  of  the  instruments  of  ocean-research,  and  the  way  the  explora- 
tion is  conducted. 

It  may  be  remarked,  in  passing,  that,  when  the  dredging  of  the 
deep  seas  was  found  to  be  feasible,  questions  of  large  scientific  interest 
and  moment,  which  had  been  hitherto  regarded  as  inaccessible,  were 
suddenly  brought  within  the  range  of  practical  solution.  It  was  a 
popular  opinion,  shared  also  by  men  of  science,  that  the  bottom  of  the 
sea  was  a  dark  and  desolate  waste,  subject  to  such  tremendous  press- 
ure as  to  render  all  life  impossible.  Pro£  Thomson  observes :  ^  Hie 
enormous  pressure  at  these  great  depths  seemed  at  first  sight  alone  snfi- 
cient  to  put  any  idea  of  life  out  of  the  question.  There  was  a  carioitf 
popular  notion,  in  which  I  well  remember  sharing  when  a  boy,  that,  in 
going  down,  the  sea-water  became  gradually  under  the  pressure  heavia 
and  heavier,  and  that  all  the  loose  things  in  the  sea  floated  at  different 
levels,  according  to  their  specific  weight :  skeletons  of  men,  anchors, 
and  shot,  and  cannon,  and,  last  of  all,  the  broad  gold-pieces  lost  in  the 
wreck  of  many  a  galleon  on  the  Spanish  Main,  the  whole  forming  a 
kind  of  false  bottom  to  the  ocean,  beneath  which  there  lay  all  the 
depth  of  clear,  still  water,  which  was  heavier  than  molten  gold.  The 
conditions  of  pressure  are  certainly  very  extraordinary.  At  12,000 
feet  a  man  would  bear  upon  his  body  a  weight  equal  to  20  locomotive 
engines,  each  with  a  long  goods-train  loaded  with  pig-iron.  We  arc 
apt  to  forget,  however,  that  water  is  almost  imcompressible,  and  that, 
therefore,  the  density  of  sea-water  at  a  depth  of  12,000  feet  is  scarcely 
appreciably  increased." 

Contrary  to  all  anticipation,  it  was  found  that  highly-organiied 
representatives  of  all  the  invertebrate  classes  do  live  under  these  cwh 
ditions  of  enormous  pressure.  The  bottom  of  the  ocean  is,  therefore^ 
to  be  regarded  as  habitable,  and  is  proved  to  be  actually  inhabited  bf 
numberless  forms  of  animal  life.  A  new  world  was  thus  opened  to 
the  naturalist,  which,  although  difficult  of  access,  was  yet  accessibil 
and  must  be  investigated.  The  pioneers  in  the  exploration  of  connM 
encountered  very  formidable  obstacles ;  but  the  field  was  too  vaik 
and  the  promise  too  rich  to  be  neglected,  and  how  it  was  regarded  hjj 
the  devotees  of  research  may  be  gathered  from  the  following  words  a(| 
Dr.  Thomson : 


BOW  THE  SEA'DEPTBS  ARE  EXPLORED. 
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**  Still  the  thing  is  poBsible,  and  it  must  he  done  again  and  again, 
«  \\\t  years  pass  on,  by  naturalists  of  all  nations  working  with  im- 
proved machinery  and  witL  ever-increased  knowledge.  For  the  bed  of 
the  deep  sea,  the  140,000,000 

square  miles   which    we  have  ^*  '' 

uow  added  to   the  legitimate 
field  of    natural  -  history  re- 
search, is  not  a  barren  waste. 
It  U  inhabited  by  a  fauna  more 
rich  and  varied  on  account  of 
the  enormous    extent   of    the 
»rea,  and  with  organism  a    in 
ttiany  cases    apparently   even 
i»iore  elaborately  and  delicate- 
ly formed,  and  more  exquisite- 
^v  ly  beaatiful  in  their  soft  shades 
^Bof   coloring  aud  in  the   rain* 
H  bow-tints   of  their  wonderful 
W  pbosphorescence,      than     the 
^      ^ttna  of  the  well-known  belt 
^f    fshailow     water,     teeming 
'^ith  innumerable  invertebrate 
fot^s,  which  fringes  the  lanci 
^^nd  the  forms  of  these  hith- 
^^*Xo  unknown    living   beings, 
**id  their  mode  of  life  and  their 
iations  to  other   organisms, 
hether  living  or  extinct,  and 
phenometm  and   laws  of 
i©ir    geographical     distribu- 
tion, must  be  worked  out." 

There    are   two    principal 

^feratioDS   in    exploring    the 

bollom   of    the   ocean :    first, 

Mnding  to  ascertain  depth ; 

ind,  second,  dredging  to  bring 

up  materials.     Although  much 

Ingenuiiy  has  been  expended 

di^ vices  to  bring  up  samples 

the  sea-bottom  by  the  soutid- 

apparatn?^   yet   dredging 

MnHrivances  are  now  mainly  relied  upon  for  that  purpose.     To  deter- 

ihe  depth  with  a  soundit^g-line,  it  is  customary  to  graduate  it  by 

tacbtng  slips  of  different-colored  cloths  or  leather  which  mark  it  off 

to  MCtions,  and  give  the  means  of  determining  the  distance  to  which 


^Kitac 
^%ito  ( 
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the  weight  runs  down.     Another  methoil  of  measaring  the  dept] 
sUtcd  in  running  down  a  weight  attached  to  a  line,  which  was  < 

tht^  surface  as  soon  as  the  weiirl 
supposed  to  have  reached  bottom 
a  sudden  change  in  the  rate  of  ru 
out,  and  the  depth  was  then  calci 
by  the  length  of  cord  left  on  the  i 
The  ordinary  system  of  BOU 
fails  at  great  depths,  and  cannot  1 
jiended  up^ni  for  more  than  6,00^ 
The  weight  is  not  sufficient  to  car 
line  rapidly  and  vertically  to  th< 
torn,  and,  if  a  heavier  weight  be 
the  line  is  in  danger  of  breaking, 
impulse  is  felt  when  the  lead  strik 
bottom,  and  the  line  goes  on  ru 
out,  and,  if  slopped,  is  liable  to  1 
Sometimes  the  line  is  carried  alof 
pubmariue  currt^ntg,  forming  looj 
bights,  and  it  often  continues  tc 
out  and  coil  itself  in  a  tangled  mz 
reetly  over  the  lead.  These  sour( 
error  vitiate  very  deep  sounding 
that  the  reports  that  have  been 
of  measurements  in  the  Atlanti 
39,000,  46,000,  and  50,000  feet,  wi 
reaching  bottom,  are  now  regards 
exaggerations.  In  the  last  chart 
the  North  Atlantic,  on  the  autliorii 
Rear- Admiral  Richards,  no  Boun< 
are  entered  beyond  24,000  feet,  and 
few  beyond  1  H,000  feet. 

The  ordinary  deep-sea  lead,  whi 
a  prismatic  block  abont  two  fo< 
tengtli,  and  from  80  to  120  poun< 
wei g li  t ,  h a  s  a  s  i  m  pi  e  p  i  o v  i  sio  n  for  h 
iug  up  material  from  the  bottom,  % 
is  called  *'  arming  " — that  is,  the  1 
end,  which  is  slightly  cupped,  is  coi 
^  with  a  thick  coating  of  soft  tallow, 
roaches  the  bottom,  mud,  shells,  gi 
ooze,  or  sand,  sticks  to  the  tallow^ 
when  drawn  up,  affords  a  aample  4 
nature  of  the  ground*  As  the  int 
in  the  bottom  of  the  sea  increased,  there  was  a  more  eager  curi 
to  scrutinize  the  particles  thus  procured  for  chemical  and  microsec^ 
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exsiai nation,  and  it  became  desirable  to  devise  means  of  bringing  up 
lii|pr  amounts  of  matter.  Many  contrivances  bave  been  made  for  this 
^|4e.  Sir  John  Ross,  in  1818,  invented  a  machine  for  this  purpose, 
riled  the  **  deep-sea  clamm."  A  large  pair  of  forceps  were  kept  astin* 
kj  by  a  bolt,  and  the  instrument  was  so  contrived  that,  on  the  bolt 
ting  the  ground,  a  heavy  iron  weight  slipped  down  a  spindle  and 
the  forceps,  which  retained  within  them  a  considerable  quantity 
be  bottom,  whether  sand,  mud,  or  small  stones.  By  this  arrange- 
ment Sir  John  Ross  brought  up  six  pounds  of  soft  mud  from  a  depth 
of  0^00  feet. 

¥iQ  8. 


lUflwr'i  Sotnrooro-MAcnnn. 


%h%  ye^r  1854,  J.  M,  Brooke,  passed  midshipman  in  the  United 
Nmvy, contrived  the  arrangetneot  known  as  **  Brooke's  Det?p-Sea 
iiidtiig*Apparaiii0,^  of  which  all  the  more  recent  contrivances  have 
IB  to  a  greal  exieot  modifiqations  and  improvements,  his  funda- 
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mental  principle  beiug  thtj  detachment  of  a  weight  when  the  bottom  is:  J 
etmck.     The  weight  is  a  64-pouaci  shot  (E,  Fig.  1),  caftt  with   a  hoW 
through  it.     An  iron  rod  (A  B)  pasae^j  through  this  hole,  with  an  opt?n^ 
ing  or  chamber  at  the  lower  end  ** armed'*  with  tallow*     When  the  InH 
Btmment  strikes,  the  end  of  the  rod  is  driven  into  the  material  of  i\x^ 
bottom^  which  fills  the  chamber.     At  the  same  tlnie  a  pair  of  hingeifc 
arms  (I>)  at  the  top,  which  were  upright  in  the  descent,  fall  down  an«M 
release  the  cord  (C)^  which  bus  tains  the  ball  by  a  leather  collar  belo 
As  the  loops  of  the  sling  are  relieved  from  the  teeth  of  the  arms,  t 
rod  slips  through  the  hole  in  the  shot,  and  eomes  up  alone  with  its  e; 
closed  sample  of  sedimeol.     The  difficulty  with  this  machine  was  t 
washing  out  of  the  material  in  the  ascent.     This  was  remedied 
Commander  Dayman,  by  adapting  a  valve,  opening  inward,  to  the 
minal  chamber  of  the  rod. 

In  1860  the  assistant  engineer  of  H*  M*  S.  Bull-dog  contrived 
dredging-lead  that  combined  the  principle  of  Kot^s's  clamm  with  tfcn< 
disengaging   weight  of  Brooke,     It  is  an  ingenious  and  welbkno^^^sT] 
machine^  though  hardly  as  simplo  as  could  be  desired.     Pro!  Tho^czn^ 
son  thus  describes  it : 

*'  A  pair  of  scoops  (A)  close  upon  ©►"^ne 
another  scissors-wise  on  a  hinge,  and  h8-^<»e 
two  pairs  of  appendages  (B),  which  sta.~vnd 
to  the  njiening  and  closing  of  the  scoops       "• 
the   relation   of   scissor-handles.     This  ^^p 
paratns   is   permanently  attached   to    t  le 
Boanditigdine  by  the  rope  (F),  which  in  ^> lit? 
figure  is  represented  as  hanging  loose,  im-»<l 
which  is  tixcd  to  the  spindle  on  w^hieh  ^^e 
cups  turn.     Attached  to  the  same  fipin*3'e 
is  the  rope  (D),  which  ends  above  an  \r<^^ 
ring.     E  represents  a  pair  of  tumbler-hool'^, 
fastened  likewise  to  the  end  of  the  souiv/- 
ing-lino  j  C  a  heavy  leaden  or  iron  weigh'* 
with  a  hole  through  it  wide  enough  to  al- 
low the  rope  (D)  with  its  loop  and  ring  to 
pass  freely ;  and  B  a  strong  India-rubVr 
band,  which  passes  round  the  handles  of 
the  scoops.     In   the  figure  the  instrument 
is  represented  as  it  is  sent  down  and  before 
it   reaches   the   bottom.     The  weight    (C) 
and  the  scoops  (A)  are  now  suspended  by 
the  rope  (D),  whose  ring  is  caught  by  the  tumbler-hooks  (E).     The 
elastic  ring  (B)  is  in  a  state  of  teuj^ion,  ready  to  draw  together  the 
scoophandiesand  close  the  scoops,  but  it  is  antagonized  by  the  weight 
(C),  which,  pressiog  down  into  a  space  between  the  handles,  keeps 
them  asunder.     The  moment  the  scoops  are  driven  into  the  ground  by 
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die  weigbt,  the  tension  on  the  rope  (D)  is  relaxed^  the  tumblers  fall 
and  release  the  ring,  and  the  weight  fall§  and  allows  the  elastic  band 
to  close  the  scoops  and  keep  them  closed  upon  whatever  they  may 
stain ;  the  rope  (D)  slips  through  the  weight,  and  the  closed  scoops 
I  drawn  up  by  the  rope  (F).*' 

The  attempt  has  been  ofteu  made  to  measure  the  amount  of  ver- 

deecent  by  self-registering  machinery.     Massey's  soutiding-ma- 

Wne  \a  the  best  for  this  purpose,   and    operates   upon  a  principle 

icrew-motion  as  it  falls  through  the  water.     As  represented  in  Fig, 

,  tiro  thimbles  (F  F)  pass  through  the  two  end%  of  the  heavy  oval 

shield  (A  A),  ^  To  the  upper  of  these  the   sounding-line  is  at- 

iched,  and  to  the  lower  the  weight  at  about  a  yard  from  the  ma- 

cVme,     Tlje  screw-motion  is  commimicated  by  a  set  of  four  brass  vanes 

or  rbgs  (B),  which  are  soldered  obliquely  to  an  axis  in  such  a  posi- 

Jlioii  that,  as  the  machine  descends,  the  axis  revolves  by  the  pressure  of 

ItHe  water  against  the  vanes.     C  represents  the  dial-plate  as  seeta  when 

I  the  slide  (D)  is  withdrawn.     The  revolving  axis  communicates  its  mo- 

[  tion  lo  the  indices,  which  are  so  adjusted  that  the  index  on  the  right- 

I  bnd  dial  passes  through  a  division  for  every  fathom  of  vertical  de- 

[  icent  whether  quick  or  slow,  and  makes  an  entire  revolution  for   15 

I  tthoras  ;  wliile  the  left-hand  index  passes  through  a  division  on  the 

I  circle  for  15  fathoms,  and  makes  an  entire  revolution  during  a  descent 

I  of  J25  fathoms.     This  instrument  answers  very  well  for  accurate  work 

fciu  raoderately  deep  water;  hut  at  extreme  depths  it  has  ao  uncertainty 

■tUch  seems  to  be  shared  by  all  contrivances  involving  metal  wheel- 

r»ort 

I  The  main  theatre  of  sounding  operations  has  been  the  Atlantic 
iOc«aD,  which,  from  its  relation  to  the  leading  commercial  nations,  and 
I  for  iiiterrontinental  telegraphic  purposes,  has  been  more  carefully  sur- 
■  THye*!  than  any  other  great  body  of  water.  Open  from  pole  to  pole, 
ifftriicipatiDg  in  all  conditions  of -climate,  communicating  freely  with 
■MbiT  ieas,  and  covering  30,000,000  square  miles,  it  is  believed  to  rep- 
giatrnt  general  oceanic  conditions,  and  to  contain  depths  nearly,  if  not 
^^K^Bii  great  as  the  other  ocoau-baslns  of  the  world,  although  but  little 
^HMwn/it  is  true,  in  this  respect,  of  the  Indiatj,  Antarctic,  and  Pacific 
Wt9i*  Th€  genersil  result  of  its  soundings  would  indicate  that  the 
littfrmgct  depth  of  the  Atlantic  bed  is  not  much  more  than  12,000  feet, 
bttd  there  *«?«^m  to  be  few  depressions  deeper  than  15,000  or  20,600  feet, 
bGii]«  more  than  the  height  of  Mont  Blanc.  Dr.  Thomson  sums  up 
IkgeDiftai  r^titta  of  the  Atlantic  soundings  as  follows :  ^'  In  the  Arctic 
Bha  ihnm  \m  deep  water,  reaching  to  9,000  fei't  to  the  west  and  south- 
mwl  i>f  Spitzbergon*  Extending  from  the  coast  of  Norway,  and  in- 
bildiftg  Iceland,  the  Far5e  Islands,  Shetland  and  Orkney,  Great  Britain 
Bad  Irelaod,  and  the  bed  of  the  North  Sea  to  the  coant  of  France, 
■bcrtb  a  wide  plateau,  on  which  the  ileptli  rarely  reaches  3,000  feet; 
HU^  tiitf}  west  of  Iceland  and  communicating  doubtless  with  the  deep 
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water  in  the  Spitzbergen  Sea,  a  trough  600  mileft  wide,  an< 
places,  nearly  12,000  feet  deep,  curves  along  the  east  coast  of  1 
laud.     This  is  the  path  of  one  of  tho  great  Arctic   returo-cui 

After  sloping  gradually  to  a  del 
3,000  feet  to  the  westward  of  tbi 
of  Ireland  in  latitude  62*^,  the  B 
suddenly  dips  to  10,000  feet  at  tl 
of  about  15  to  19  feet  in  the  lOi 
from  this  point  to  within  about  2 Of 
of  the  coast  of  Newfoundland,  w| 
begins  to  shoal  again,  there  is  | 
undulating  submarine  plain,  avd 
about  12,000  feet  in  depth  belo 
surface— the  *  telegraph  plateau.* 

*'  A  valley  about  500  miles  wid 
with  a  mean  depth  of  16,(>00j 
Btretches  from  ofl*  the  southwest! 
of  Ireland,  along  the  coast  of  % 
dipping  into  the  Bay  of  Biscay,  pi 
Strait  of  Gibraltar,  and  along  tht 
coast  of  Africa.  Opposite  the  C|( 
Verde  Islands,  it  seems  to  merge 
slightly  deeper  trough,  which  oecupi 
axis  of  the  South  Atlantic,  and  | 
into  the  Antarctic  Sea,  A  nearly  < 
valley  curves  around  the  coast  of  I 
Viueriea,  about  12,000  feet  in  depj 
Newfoundland  and  Labrador,  ao 
coming  considerably  deeper  to  the  * 
ward,  where  it  follows  the  ouUlj 
the  coast  of  the  States,  and  the  Ba) 
and  Windward  Iislands,  and  finallf 
the  central  trough  of  the  South  Atlantic  off  the  coast  of  Bra^ 
a  depth  of  15,000  feet." 

Until  within  a  hundred  years  but  little  was  known  of  the 

inhabitants  of  the  deep  sea,  except  the  few  objects  that  adhef 
lead-lines,  or  were   taken   accidentally   by  fishermen   in   trawll 
oyster-dredges ;  and,  as  odd  things  of  no  market  value  were  gem 
thrown  away,  the  knowledge  from   this  source  increased  but  u 
The  first  dredge  used  by  a  naturalist  to  collect  specimens  fro^ 
sea-bottom  was  employed  by  Otho  Friedrich  Muller,  who  publ 
quaint  book   about  it  in  1779.     His  dredge  was  a  squaro-moutb 
(Fig.  4),  and  lie  docs  not  appear  to  have  used  it  beyond  a  d 
180  feet.     The  dredges  now  used  by  naturalists  are  modificat 
the  oyster-dredge,  which  is  described  as  a  light  frame  of  iroo,^ 
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five  feet  long  by  a  foot  or  bo  in  width  at  the  mouth,  with  a  Bcrap^r  like 
.•narrow  hoe  on  one  side,  and  a  eugipending  apparatus  attached  to  the 
I  ru|»c  on  the  other.  From  the  frame  is  suspended  a  bag,  about  two  feet 
|h  depth,  of  wide  netting  or  hempen  cord.     The  naturalists'  dredge  has 

\  lertper  on  each  side,  the  bag  is  deeper,  and  the  meshcB  so  fine  as  to 
'  only  the  water  to  pa^s  through. 


WITS  IlnmciT  TjurouE*. 


Fig.  5  r^proientA  the  dredge  devised  by  I>r,  Ball,  of  Dublin,  and 
rti^  •craped  the  surface  so  perfectly  thai,  when  drawn  along  a 
''i^il^pHrooai  floor,  it  wouhl  pick  up  the  pence  that  bad  been  scattered 
*«  tU     Dr.  ThoQiflon  states  that  the   most  convenient  size  for 
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dredglnijr  from  a  smaU  boat,  at  a  less  depth  tbau  ISOO  feet,  is  a  frame  18 
inclies  long  and  live  inches  in  width.  The  acrapers  are  three  inches 
wide,  and  are  go  set  that  the  distance  across  between  their  edge»  is 
7i  inches. 

The  dredge  used  for  deep-sea  work  was  larger,  the  frame  being 
four  feet  six  inches  in  length,  and  six  inches  wide  at  the  throat 
or  narrowest  part.  The  weight  of  the  frame  was  225  lbs.,  but  Dr, 
Thomson  thinks  it  was  too  large  and  heavy.  The  dredge-bag  was 
double,  the  outer  being  of  strong  twine  netting  lined  within  with 
**  bread-bag,'*  a  light,  open  kind  of  canvas. 

It  was  found  by  experience  that  very  often,  wlien  nothing  of  inter- 
est was  brought  up  within  the  dredge,  many  echinoderms,  corals, 
sponges,  came  to  the  sui'face,  sticking  to  the  outside  of  the  bag, 
even  to  the  first  few  fathoms  of  the  dredgc^rope.  This  suggested  the 
attachment  of  swabs,  used  for  washing  the  decks,  to  the  dredge.  The 
tangled  homp  turned  out  to  be  vei-y  efficient,  picking  up  great  numbers 
of  objects  that  would  not  be  otherwise  secured.  The  bag  took  the 
moUusks,  which,  from  their  shelly  fomie,  could  not  be  otherwise  ob- 
tained, w^hile  the  echinoderras,  corals,  and  sponges — bulky  objects  thst 
could  not  readily  enter  the  bag — were  more  easily  caught  by  the  swabe, 
although,  unfortunately,  it  mutilated  them,  and  brought  them  up  in 
fragments.  So  important  was  this  expedient,  that  a  long  iron  bar  was 
attached  to  the  bottom  of  the  dredge-bag,  to  which  the  hempen  bundles 
were  suspended,  as  &hnwn  in  Fig.  6. 

The  arrangemeuta  for  sounding  and  dredging  from  the  Porcupine 
are  fully  described  and  illustrated  in  Prof.  Thomson^'s  work.    Tb* 
vessel  was  a  382-ton  gunboat,  with  a  steam*engine  of  12  horse-power, 
stationed  amidships,  with  drums  of  different  sizes,  from  which  liu^i 
were  led  fore  and  aft  for  working  either  at  the  bow  or  stern.    Two 
powerful  derricks  were  rigged  for  sounding  and  dredging,  one  ot<*j 
the  stern  and  one  over  the  port-bow.     TJie  block  through  which  li^ 
soundiiig-line  or  dredging-rope  passed  was  not  attached  directly  totke 
demck,  but  to  a  rope  which   passed  through  an  eye  at  the  end  of  tiir 
spar,  and  was  fixed  to  a  "  bit,"  a  piece  of  timber  going  through  tht* 
deck.     On  a  bight  of  this  rope  between  the  block  and  the  *^  l>il  **  WJis 
a  piece  of  apparatus  shown  in  Fig.  V,  and  called  the  "aeci 
This  consisted  of  30  or  40  strong  India*rubber  springs,  w 
gether,  and  its  use  was  to  yield  by  stretching,  whea,  from  any  cao^^ 
as  the  pitching  of  the  ship,  there  was  an  unusual  strain  upor  '*     • 
The  dredge-rope  of  the  Porcupine  was  of  RuKfiian  hemp,  2A 
circumference,  with  a  breaking  strain  of  2^  tons,  and  was  I 
or  nearly  3 J  miles  long.     A  row  of  about  20  large  iron  piuh, 
feet   in   length,  projected  over  one  side  of  the   quarteiMieck,  rwmg 
obliquely  from  the  top  of  the  bulwark.     Upon  these  the  ro|>e  was 
tintiously  coiled,  as  shown   in  the  figure,  which  also  represeJiU 
dredge  in  position  for  descent 
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Tlie  method  of  dredging  at  a  great  distance  is  thus  gra|>hicall7  de- 

ibed   by  ProC  Thomson,  as  it  was  performed  in  the  Hay  of  Biscay, 

lly  22,  1B09.     The  depth  was  first  accurately  ascertained  by  soiiiid- 
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tif,ati#l  foiind  to  be  14,010  feet    "  At  4.45  p.  m.  the  dredge  was  let  go, 
10  Tfififitd  dnAttig  slowly  before  a  moderate  breeze  from  the  north* 


we«t.  The  3,000  fathoms  of  rope  were  all  out  at  6.50  p.  m.  The  dia- 
gram {Fig,  8)  will  give  an  idea  of  the  various  relative  positions  of  the 
dredge  and  the  vessel  according  to  the  plan  of  dredging  adopted  by 
Captain  Calvert,  which  worked  admirably,  and  which  appears,  in  facti 
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to  be  the  only  mode  that  would  answer  for  great  depths.  It 
sents  the  position  of  the  vessel  when  the  dredge  is  let  go,  and 
dotted  line  {A  B)  the  line  of  descent  of  the  dredge  rendered  oWi 
by  the  tcni^i^in  of  the  rope,    While  the  dredge  is  going  down,  the 
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■^Mrifts  gradually  to  leeward ;  and,  when  the  whole  (say)  18,000  feet 

^f  rope  are  out,  C  W  and  D  might  represent  respectively  the  relative 

positinns  of  the  vessel,  the  weight  attached  3,000  feet  from  the  dredge, 

*«d  ilie  dredge  itself.     Tlie  vessel  now  steams  slowly  to  windward, 

*H;ccpying  successively  the  positions  E,  F,  G,  H,     The  weight,  to 

'*"hlcli  the  water  offers  but  little  resistance,  sinks  from  W  to  W,  and 

'•^c  dredge  and  hag  sink  more  slowly  from  D  to  B.     The  vessel  is  now 

^ flowed  to  drift  back  before  the  wnml,  from  H  toward  C    The  teusioa 

^^    the  motion  of  the  vessel,  instead  of  acting   immediately  on  the 

'^^"t'dge,  now  drags  forward  the  weight  {W%  so  that  the  dredging  is 

*^*^Tried  on  from  the  weight,  and  not  directly  from  the  vessel.     The 

*i  ^K'^edge  is  thus  quietly  pulled  along,  with  its  lip  scraping  the  bottom  in 

^^m«  attitude  which  it  assumes  from  the  centre  of  weight  of  its  iron 

Gr-:snie  and  arms.     Ifj  on  the  other  hand,  the  weights  were  hung  close 

^^>  the  dredge,  and  the  dredge  were  dragged  directly  from  the  vessel, 

o^^^ring  to  the  great  weight  and  spring  of  the  rope,  the  arms  would  be 

cs^ontintially  lifted  up,  and  the  lip  of  the  dredge  prevented  from  scrap- 

J-*^g.    In  very  deep  dredging  this  operation  of  stealing  up  to  windward 

ci.M!»tiI  the  dredge-rope  is  nearly  perpendicular,  after  drifting  for  half  an 

tiouror  so  to  leeward,  is  usually  repeated  three  or  fonr  times, 

'*  At  8*50  P.  M.  we  began  to  haul  in.  The  donkey-engine  delivered 
tH«  rope  at  the  rate  of  rather  more  than  a  foot  per  second  without  a 
ftiogle  check  A  few  minutes  before  one  a.  m«  the  weights  appeared, 
*n<3,  a  little  after  one  in  the  morning,  eight  hours  after  it  was  cast 
*^V€r^  the  dredge  was  safely  hauled  on  deck,  ha%^ing  in  the  interval  ac- 
^'^''iplished  a  journey  of  upward  of  eight  statute  miles.  The  dredge 
^^Utained  \\  cwt,  of  very  characteristic  pale-gray  Atlantic  ooze."  The 
^*>*al  weight  brought  up  by  the  engine  was : 

Wetj?bt  of  rope,  redaced  to  J  in  water  *        *        ,  .     =  1,876  lbs. 
t>redge  and  bag,         a        a        a               .        ,        .         ^     276   ** 

Ooze  brought  op,      "        «        **  ,        ,        ,  .     ^     168   " 

height  attached 224  " 

2,043 

Ab  an  abundant  and  characteristic  invertebrate  life  Is  now  shown 
^^  «Mist  at  such  great  depths,  it  is  inferred  to  extend  to  all  depths ; 
*^d  thus  the  whole  ocean-bed  becomes  in  future  the  domain  of  the  in- 
<iui*itive  naturalist.  But,  as  Dr.  Thomson  remarks,  little  more  caii  be 
**^fl,  for  his  work  is  all  before  him :  **  A  grand  new  field  of  inquiry  lias 
^^'Cn  opened  up,  but  its  culture  is  terribly  laborious.  Every  haul  of 
thf  drejge  brings  to  light  new  and  unfamiliar  forms^ — forms  whicli 
^^k  themselves  strangely  w^ith  the  inhabitants  of  past  periods  in  the 
^^rth's  history ;  but  as  yet  we  have  not  the  data  for  generalizing  the 
Q^p^ea  fauna,  and  speculating  on  its  geological  and  biological  rela- 
"^;  for,  notwithstanding  all  our  strength  and  will,  the  area  of  the 
Attorn  of  the  deep  sea  which  baa  been  fairly  dredged  may  still  be 
^Itoned  by  the  square  yard,*' 
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THE  PHYSIOLOGY  OF  DEATH. 
Bt  febnand  papillon, 

tBl.llBLl.TCD    FfiOM    TEl    rBKlTOE,    BT    A.    B.    VACDOIT  OTT  OB. 

OF  old,  the  spoils  of  death  fell  to  the  aQatomiEt^e  share,  while  tlie 
physiologist  took  for  his  part  the  phenomena  of  life.  Now  we 
submit  the  corpse  to  the  same  experiments  as  the  living  organism*  and 
pry  into  the  relics  of  death  for  the  secrets  of  life.  Instead  of  seeing  m 
the  lifeless  body  mere  forms  ready  to  dissolve  and  vanish,  we  detect 
in  it  forces  and  persisting  activities  full  of  deep  instructiveness  in  their 
mode  of  working.  As  theologians  and  moralists  exhort  us  to  study 
the  spectre  of  death  face  to  face  at  times,  and  strengthen  our  souls 
courageous  meditation  on  owr  last  hour,  so  medicine  regards  it  as 
sential  to  direct  our  attention  toward  all  the  details  of  that  rooumf 
drama,  and  thus  to  lead  us,  through  gloom  and  ehadows,  to  a  clea 
knowledge  of  life.  But  it  is  only  with  respect  to  medicine  in  the  mo 
modern  days  that  this  ia  true. 

Leibnitz,  who  held  profound  and  admirable  theories  of  life,  had  og 
of  death  also^  which  he  has  unfolded  in  a  famous  letter  to  Arnault 
He  believes  that  generation  is  only  the  development  and  evolution  i 
an  animal  already  existing  in  forai,  and  tJi?4t  eomiption  or  death 
only  the  re6nvelopraent  or  involution  of  the  same  animal,  which  do 
not  cease  to  subsist  and  continue  living.  The  sum  of  vital  ener 
coDsubstaotial  with  monads,  does  not  vary  in  the  world ;  generatit 
and  death  arc  but  changes  in  the  order  and  adjustment  of  the  j 
plee  of  vitality,  simple  transfonnations  from  small  to  great,  antl 
ver^a.  In  other  words,  Leibnitz  sees  everywhere  eternal  and  iooca^ 
ruptible  germs  of  life,  which  neither  perish  at  all  nor  begin.  Wltal 
does  begin  and  perish  is  the  organic  machine  of  which  these  germa 
compose  the  original  activity  :  the  elementary  gearing  of  the  mat^hioe 
IS  broken  apart,  but  not  destroyed.  This  is  the  earlier  view  held  by 
Leibnitz,  He  has  another,  conceiving  of  generation  as  a  progress  of 
life  through  degrees;  he  can  conceive  of  death  also  as  a  gradual  n^ 
gress  of  the  same  principle,  that  is  to  say,  that  in  death  life  withdrairs 
little  by  little,  just  as  it  came  forward  little  by  little  in  geneniticm. 
Death  is  no  sudden  phenomenon,  nor  instantaneous  evanishing — it  it 
a  slow  operation,  a  "  retrogradation,"  as  the  Hanoverian  philosoplfttf 
phrases  it.  'Wlien  death  shows  to  us,  it  has  been  a  long  time  wearinj 
away  the  organism,  though  we  have  not  perceived  it,  because  **  diMO^ 
lution  at  first  attacks  parts  inraibly  small,"  Yes,  death,  before  it  h^ 
trays  itself  to  the  eye  by  livid  pallor,  to  the  touch  by  marble  col'^  ^ 
before  chaining  the  movements  and  stiffening  the  blood  of  the  ily^  k 
peraon,  creeps  with  insidious  secrecy  into  the  smallest  and  most  hiddeo 
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lomts  of  his  organs  and  hU  humors.      Here  it  begins  to  corrupt  the 

■llidSy  to  disorgamze  the  tissues,  to  destroy  the  equipoise  and  endanger 

^e  harmoiiy.    ThiB  process  is  more  or  less  lingering  and  dei:eitful,  and, 

when  we  note  the  manifest  signs  of  death,  we  may  be  sure  that  the 

work  lacked  no  deliberate  preparation. 

These  ideas  of  Leibnitz,  like  most  of  the  conceptions  of  genius, 
waited  long  after  the  time  of  their  appearance  for  contirmatiou  by 
dnDonstratiye  experiment.  Before  his  day,  bodies  were  dissected 
only  for  the  eake  of  studying  in  them  the  conformation  and  normal 
tfTangement  of  the  organs,  ^Tien  this  study  was  once  completed, 
•dfQcte  took  np  the  methodical  inquiry  into  the  changes  produced  in 
the  diflerent  parts  of  the  body  by  diseases.  Not  until  the  end  of  the 
ijgiiteeiith  century  did  death  in  action  become  the  stibject  of  invest!* 
bv  Bicbat. 
Blehat  is  the  greatest  of  the  physiological  historians  of  death.  The 
^  work  he  has  left  on  this  subject,  his  '*  Physiological  Researches 
I  Life  and  Deatli,'*  is  as  noteworthy  for  the  grandeur  of  its  general 
lAoM,  sod  its  beauty  of  style,  as  for  its  precision  of  facts  and  nicety  of 
ti|iertm«*nt.  To  this  day  it  remains  the  richest  mine  of  recorded  trnths 
t»  to  the  pbyeiology  of  death.  Having  determined  the  fact  that  life  ia 
Hfioaaly  endangered  only  by  alterations  in  one  of  the  three  essential 
,  the  brain,  the  heart,  and  the  lungs,  a  group  forming  the  vital 
Btchat  examines  how  the  death  of  one  of  these  three  organs 
1  tl»al  of  the  others,  and  in  succession  the  gradual  stoppage  of 
liuictions.  In  our  day,  the  advance  of  experimental  phyBialogy 
I  the  path  so  saccessfully  traversed  by  Bichat,  has  brought  to  light 
\  tlieir  mintitest  details  the  various  mechanical  processes  of  death,  and, 
I  of  far  greater  consequence,  has  disclosed  an  entire  order  of 
idivHUss  heretofore  only  sunpected  to  be  at  work  in  the  corpse.  The 
iy  of  death  has  been  built  up  by  slow  degrees  along  with  that  of 
,aiMi  several  practical  questions  that  had  remained  in  a  state  of  un- 
fiatn'  h  as  that  of  the  signs  of  real  death,  have  received  the 

»i  '  answer  in  the  course  of  these  researches* 


I 


Sifiiuit  pointed  out  that  the  complete  life  of  animals  is  made  up  of 
mdens  of  phenomena^  those  of  circulation  and  nutrition,  and  those 
ix  Xht  relations  of  the  living  being  with  its  environment.  He 
es  organic  life  from  animal  life,  properly  so  called,  Vege- 
Imve  OtUy  the  former;  animals  possess  both,  intimately  blended, 
low,  on  tlie  occurrence  of  death,  these  two  sorts  of  life  do  not  disap- 
|«r  St  ooe  and  the  same  moment.  It  is  the  animal  life  that  suffers 
Ae  flrgi  ctYoke ;  the  most  manifest  activities  of  the  nervous  system  are 
4oit  wbidi  come  to  a  halt  before  all  the  rest.  How  is  this  stoppage 
^HRigiit  about?    We  most  consider  separately  the  order  of  occur 
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Fences  in  death  from  old  age,  Id  that  occasioned  by  disease,  and  In 
sudden  death. 

The  man  who  expires  at  the  close  of  a  long  decline  m  yeara^ 
in  detaiL  All  hia  senses  in  succession  are  sealed*  Sight  becomes  dim 
and  unsteady,  and  at  last  loses  the  picture  of  objects.  Hearing  ^rows 
grad  uglily  insensible  to  sounds.  Toucli  Is  blunted  into  dulness,  odors 
produce  but  a  weak  impression,  only  taste  lingers  a  little.  At  the 
same  time  that  the  organs  of  sensation  waste  and  lose  their  excitahi^ 
ity,  the  functions  of  the  brain  fade  out  little  by  tittle*  Imaginatifl 
becomes  unfixed,  mt^mory  nearly  fails,  judgment  wavers.  Further, 
motions  are  slow  ami  difficult  on  account  of  etiffiaess  in  the  muscles ; 
the  voice  breaks  j  in  short,  all  tbe  functions  of  outward  life  lose  their 
spring*  Each  of  the  bonds  attaching  the  old  man  to  existence  parts 
by  slow  degrees.  Yet  the  internal  life  persists,  Kutrition  still  takes 
place,  but  very  soon  the  forces  desert  the  most  essential  organs. 
Digestion  languishes,  the  secretions  dry  up,  capillary  circulation  is 
clogged  :  that  of  the  large  vessels  in  their  turn  is  checked,  and,  at 
last,  the  hearths  contractions  cease.  This  is  the  instant  of  death.  The 
heart  is  the  last  thing  to  die.  Such  is  the  series  of  slow  and  partial 
deaths  which^  with  the  old  man  spared  by  disease,  result  in  the  last 
end  of  all  The  individual  who  falls  into  the  sleep  of  eternity  in  these 
conditions,  dies  like  the  vegetable  which,  having  no  consciousness  of 
life,  can  have  no  consciousness  of  death.  He  passes  insensibly  from 
one  to  the  other,  and  to  die  thus  is  to  know  no  pain.  The  thought  of 
the  last  hour  alarms  us  only  because  it  puts  a  sudden  end  to  our  rela- 
tions with  all  our  surroundings ;  but,  if  the  feeling  of  these  relations 
has  long  ago  faded  away,  there  can  be  no  place  for  fear  at  the  brink 
of  the  grave.  The  animal  does  not  tremble  in  the  instant  before  it 
ceases  to  be.  ^m 

Unfortunately,  death  of  this  kind  is  very  rare  for  humanity.  Dell| 
from  old  age  has  become  an  extraordinary  phenomenon.  Most  com- 
monly we  succumb  to  a  disturbance  in  the  lunctions  of  our  vital  sj 
tern,  which  is  sometimes  sudden,  sometimes  gradual.  In  this  case,! 
in  the  former  one,  we  observe  animal  life  disappearing  first,  but  tl 
modes  of  its  conclusion  are  infinitely  varied.  Oue  of  the  most  usual 
is  death  through  the  lungs  \  as  a  result  of  pneumonia  and  different 
forms  of  phthisis,  the  oxidation  of  the  blood  becoming  impossible 
on  account  of  the  disorganization  of  the  pulmonary  globules,  venous 
blood  goes  back  to  the  heart  without  gaining  revivification.  In  the 
case  of  serious  and  prolonged  fevers,  and  of  infectious  diseases,  whether 
epidemic  or  otherwise,  which  are,  characteristically,  blood-poisonings, 
death  occurs  through  a  general  change  in  nutrition.  This  is  still  more 
the  fact  as  to  death  consequent  upon  certain  chronic  disorders  of  the 
digestive  organs.  When  these  are  affected,  the  secretion  of  those 
juices  fitted  to  dissolve  food  dries  up,  and  these  fluids  go  through  the 
intestinal  canal  unemployed.      In  this  case  the  invalid  dies  of  j^ 
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Btarfation.  HsBmorrbage  is  one  of  the  coraraonest  cauaes  of  death* 
Whenever  a  great  artery  is  opened  from  any  cause,  permitting  the 
OOjHOQS  outflow  of  blood,  the  skin  grows  pale,  warmth  declines,  the 
breathing  is  intermittent,  vertigo  and  dimness  of  eight  follow,  the  ex- 
pmaion  of  the  features  changes,  cold  and  clammy  sweat  covers  part 
of  thfi  fiice  and  the  limbs,  the  pulse  gets  gradually  weaker,  and,  at  last, 
the  heart  stops,  Virgil  describes  hsemorrhage  with  striking  fidelity  in 
the  ttory  of  Didoes  death. 

Sadden  death,  unconnected  with  owtward  and  accidental  causes, 
may  occtir  in  various  ways.  Very  violent  impressions  on  the  feelings 
iotDt-times  abruptly  check  the  movements  of  the  heart,  and  produce 
%  DiorUl  SWOOD.  Instances  are  well  known  of  many  persons  dying 
of  joy — Leo  X  is  one — and  of  persons  who  succumbed  to  fear.  In 
f^mjtoyant  apoplexy,  if  real  death  is  not  instantaneous,  tliere  is  at 
leiit  the  sadden  occurrence  of  tbe  phenomena  of  death.  Tlie  safierer 
iipluDged  in  profound  sleep,  called  by  physicians  coma,  from  which 
inVening  is  impossible;  his  breathing  is  difficult,  his  eyes  set,  his 
'ooath  twi8t<?d  and  distorted.  The  pulsations  of  the  heart  cease  little 
^  little,  and  soon  life  utterly  vanishes.  The  breaking  of  an  aneurism 
vtry  often  occasions  sudden  death.  Not  less  often  the  cause  of  death 
ifoaad  in  what  is  called  an  embolism,  that  is,  a  check  to  the  eircula- 
by  m  clot  of  blood  suddenly  pltigging  up  some  important  vessel 
there  are  also  cases  of  sudden  death  still  unaccounted  for,  in  the 
that  subsequent  dissection  diBcovcrs  nothing  that  could  explain 
itoppage  in  the  operations  of  life. 

ih  tA  nsuaUy  preceded  by  a  group  of  phenomena  that  has  re- 
the  name  of  the  death-agony.  In  most  cases  of  disease  the  be- 
g  of  this  concluding  period  is  marked  by  a  sudden  improvement 
functions.  It  is  the  last  gleam  springing  from  the  dying  flame  ; 
toon  the  eyes  become  fixed  and  insensible  to  the  action  of  light, 
noit  grows  pointed  and  cold,  the  mouth,  wide  open,  seems  to  call 
ftir  that  &ils  it,  the  cavity  within  it  is  parched,  and  the  lips,  as 
ding  to  the  curves  of  the  teeth.  The  last  movements  of 
are  spasmodic,  and  a  wheezing,  and  eome times  a  marked 
sonnd,  may  be  heard  at  some  distance,  caused  by  obstruction 
lbs  bronchial  tubes  with  a  quantity  of  mucus.  The  breath  is  cold, 
r  the  skin  lowered.  If  the  heart  is  examined,  we 
^4  of  its  sounds  and  pulsations.  The  hand,  placed  in 
lldghborhood^  feels  no  throb.  Such  is  the  physiognomy  of  a  per- 
^$h»  last  moments  of  death  in  the  greater  number  of  cases,  that 
de«ib  follows  upon  a  period  of  illness  of  some  duration.  The 
TUggle  ifl  seldom  painful,  and  almost  always  the  patient  feels 
ng  of  it.  n©  is  plunged  into  a  comatose  stupor,  so  that  he  is  no 
t  coDsciooa  of  his  situation  or  his  sn fieri ngs,  and  he  passes  insen- 
froin  U£o  to  death,  in  a  manner  that  renders  it  sometimes  diflieult 
^»fix  Ibe  exMt  Instant  a^  which  a  dying  person  expires.     This  is  true, , 
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at  least,  in  chronic  malatlies,  and  especially  in  those  that  consume 
human  body  blowly  an4  silently.  Vet,  when  the  hour  of  death 
for  ardeot  organizations — for  great  artistSj  for  instance,  and  they  Ufla- 
ally  die^  young — there  is  a  (juick  and  Bnblime  new  burst  of  life  in  the 
creative  genius.  There  is  no  better  example  of  this  than  the  angelio 
end  of  Beethoven,  who,  bufore  he  breathed  out  his  8oul^  that  tuneful 
monadj  regained  his  lost  speech  and  hearing,  and  spent  them  in  re- 
peating for  the  last  time  some  of  those  sweet  harmonies  which  he 
called  hie  "Prayers  to  God."  Some  diseases,  moreover,  are  most 
peculiarly  marked  by  the  gentleness  of  the  dying  agony.  Of  all  the 
ills  that  cheat  us  while  killing  by  pin-pricks,  consumption  is  that 
ivhich  longest  wears  for  us  the  illusive  look  of  health,  and  best  con- 
ceals the  misery  of  living  and  the  horror  of  dying*  Nothing  can  be 
compared  with  that  hallucination  of  the  senates  and  that  liveliness  of 
hope  which  mark  the  last  daya  of  the  consumptive.  He  takes  the 
burning  of  his  destroying  fever  for  a  healthful  symptom,  he  forms  his 
plans,  and  smiles  calmly  and  cheerftiUy  on  his  friends,  and  suddenly, 
Bome  morrow  of  a  quiet  night,  he  falle  into  the  sleep  that  never 
wakes* 

If  life  is  everywhere,  and  if,  consequently,  death  occurs  everywhere, 
in  all  the  elements  of  the  system,  what  must  be  thought  of  that  point 
in  the  spinal  marrow  which  a  famous  physiologist  styled  the  vital 
knot,  and  in  which  he  professed  to  lodge  the  principle  of  life  itself? 
The  point  which  Flourens  regarded  as  this  vital  knot  is  situated  nearly 
at  the  middle  of  the  prolonged  spinal  cord^ — ^that  is,  the  middle  oi 
that  portion  of  the  nerve-substance  which  connects  the  brain  with  the 
spinal  marrow.  This  region,  in  fact,  has  a  fine  and  dangerous  ex* 
citability,  A  prick,  or  the  penetration  of  a  needle  into  it,  is 
enough  to  cause  the  instant  death  of  any  animal  whatever.  It  is  the 
very  means  used  in  physiological  laboratories  to  destroy  life  swiftly 
and  surely  in  dogs.  That  susceptibility  is  explained  in  the  most  nat- 
ural way.  This  spot  is  the  starting-point  of  the  nerves  that  go  to  the 
lungs;  the  moment  that  the  slighest  injury  is  produced  in  it,  there  fol- 
lows a  check  on  the  movements  of  respiration,  and  ensuing  death. 
This  vital  knot  of  Flourens  enjoys  no  sort  of  special  prerogative.  Life 
is  not  more  concentrated  nor  more  essential  in  it  than  elsewhere ;  it 
simply  coincides  with  the  initial  point  of  the  nerves  animating  one  of 
the  organs  indispensable  to  vitality,  the  organ  of  sanguification;  aud 
in  living  organisms  any  alteration  of  the  nerves  controlling  a  functioD 
brings  a  serious  risk  as  to  its  complete  performance.  There  is,  there- 
fore, no  such  thing  as  a  vital  knot,  a  central  fire  of  life  in  animak 
They  are  collections  of  an  infinity  of  infinitely  small  living  creatures, 
and  each  one  of  these  microscopic  living  points  is  its  own  life-centre 
for  itself.  Each  on  its  own  accoaint  grows,  produces  heat,  and  displays 
those  characteristic  activities  which  depend  upon  its  structure,  Bach 
one,  by  virtue  of  a  pre^stabliehed  harmony,  meets  all  the  rest  in  the 
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ways  that  they  reqnire ;  but,  just  as  each  livea  od  its  own  account,  bo 
L  on  its  accoujit  each  dies.  And  the  proof  that  this  is  so  is  found  in  the 
f  hct  that  certain  parts  taken  from  a  dead  body  can  be  transferred  to  a 
living  one  witbont  suflfering  any  interruption  in  their  physiological 
activity,  and  in  the  fact  that  many  organs  which  seem  dead  can  be 
excited  anew^  awakened  out  of  their  torpor^  and  animated  to  extremely 
remarkable  Tital  manifestations.  Tliis  subject  we  now  proceed  to 
ooDflider. 

1  "•  . 

Death  fieems  to  be  absolute  from  the  instant  that  the  pulsations  of 
ibe  heart  are  stopped  without  renewal,  because,  the  circulation  of  the 
blood  no  longer  proceeding,  the  nutrition  of  the  organs  becomes  im- 
poadble^  and  nutrition  is  demanded  for  the  maintenance  of  physiological 
lunnony;  bnt,  as  we  have  said  above,  there  are  a  thousand  little 
iprings  in  the  organism  which  keep  up  a  certain  degree  of  activity 
ifter  the  great  main-spting  has  ceased  to  act.  There  is  an  infinite 
soBlber  of  partial  energies  that  outlive  the  destruction  of  the  principal 
Mfgy,  and  withdraw  only  by  slow  degrees.  In  cases  of  sudden  death 
npectally  the  tissues  keep  their  peculiar  vitality  a  very  long  time.  In 
\ht  first  plac^,  the  heat  declines  only  quite  slowly,  and  the  more  so  in 
proportton  as  death  has  been  quick.  For  several  hours  after  death  the 
kiir  of  the  head  and  body,  and  the  nails,  continue  to  grow,  nor  does 
iWrption  either  stop  at  once.  Even  digestion,  too,  keeps  on.  The 
upenment  performed  by  Spallanzaui  to  test  this  is  very  curious.  He 
eanceived  the  idea  of  making  a  crow  eat  a  certain  quantity  of  food, 
Mid  killing  it  immediately  after  the  meal.  Then  he  put  it  in  a  place 
kept  at  the  same  temperature  as  that  of  a  live  bird,  and  opened  it  six 
Iwttre  later.     The  food  was  thoroughly  digested. 

Beside*  these  general  manifestations,  the  dead  body  is  capable, 
faring  some  continued  time,  of  different  kinds  of  activity.     It  is  not 
«*iy  to  atndy  these  on  the  bodies  of  persons  dying  of  sickness,  be- 
Moie  they  are  not  permitted  to  be  made  the  snbject  of  anatomical  ex- 
itions  until  twenty-four  hours  after  death ;  but  the  bodies  of  be- 
,  cKnunals,  which  are  given  up  to  savants  a  few  moments  after 
r  execution,  can  be  of  use  in  the  investigation  of  what  takes  place 
tely  after  the  stopping  of  the  living  machine.     If  the  heart  is 
»d  a  few  minutes  after  execution,   pulsations  are   remarked 
1  continue  during  an  hour  or  longer,  at  the  rate  of  forty  to  forty- 
^  nujinte,  even  after  the  removal  of  the  liver,  the  stomach,  and  the 
For  several  hours  the  muscles  retain  their  excitability,  and 
JO  reflex  contractioua  from  the  effect  of  pinching,     M.  liobin 
I  ifae  following  phenomenon  in  the  case  of  a  criminal  an  hour  after 
Jem:    "The  right  arm,"  to  quote  his  description,  "being 
!  obliquely  extended  at  the  side  of  the  trunk,  with  the  hand  about 
jKk  iAchea  away  &om  the  hip,  I  scratched  the  skin  of  the  chest,  at 
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about  the  height  of  the  nipple,  with  the  point  of  a  scalpel,  orer  a  space 
of  nearly  four  incheB,  without  making  any  pressure  on  the  muscks 
lying  beneath*  We  immediutcly  Baw  the  great  pectoral  muscle,  then 
the  biceps,  then  the  anterior  brachial^  successively  and  quickly  eon- 
tract.  The  result  was  a  movement  of  approach  of  the  whole  arm  low* 
ard  the  trunk,  with  rotation  inward  of  the  limb,  and  half  flexion  of 
the  forearm  upon  tlie  arm,  a  true  defensive  movement,  which  threw  the 
hand  forward  toward  the  chest  as  far  as  the  pit  of  the  stomach/' 

These  spontaneous  exhibitions  of  life  in  a  corpse  are  trifles  com- 
pared with  those  excited  by  means  of  certain  stimulants,  particularly 
of  electricity*  Aldiui,  in  1802,  subjected  two  criminals,  beheaded  at 
Bologna,  to  the  action  of  a  powerful  battery.  Influenced  by  the  cur- 
rent, the  facial  muscles  contracted,  producing  the  effect  of  horrid 
grimaces.  All  the  limbs  were  seized  with  convulsive  movements;  the 
bodies  seemed  to  feel  the  stir  of  resurrection,  and  to  make  efforts  to 
rise.  The  springs  of  the  system  retained  the  power  of  answeiing  the 
electric  stimulus  for  several  hours  after  beheading.  A  few  years  later, 
at  Glasgow,  Ure  made  some  equally  noted  experiments  on  the  body 
of  a  criminal  that  had  remained  more  than  an  hour  hanging  on  the 
gallows.  One  of  the  poles  of  a  battery  of  700  pairs  having  been  con* 
nected  with  the  spinal  marrow  below  the  nape  of  the  neck,  and  the 
other  brought  in  contact  with  the  heel,  the  leg,  before  beut  back  on 
itself  was  thrust  violently  forward,  almost  throwing  down  one  of  the 
assistants,  who  had  hard  work  to  keep  it  in  place.  When  one  of  the 
poles  was  placed  on  the  seventh  rib,  and  the  other  on  one  of  the  nerves 
of  the  neck,  the  chest  rose  and  fell,  and  the  abdomen  repeated  the  like 
movement,  as  takes  place  in  respiration.  On  touching  a  nerve  of  the 
eyebrow  at  the  same  time  with  the  bead,  the  facial  muscles  contracted. 
"  Wrath,  terror,  despair,  anguish,  and  frightful  grins,  blended  in  hor* 
rible  expression  on  the  assassin's  countenance." 

The  most  remarkable  instance  of  a  momentary  reappearance  of 
vital  properties,  not  in  the  whole  organism,  but  in  the  head  alone,  is 
the  famous  experiment  suggested  by  Legallois,  and  carried  out  for  the 
first  time  in  1858  by  M.  Brown-S^quard*  This  skilful  physiologist 
beheads  a  dog,  taking  pains  to  make  the  section  below  the  point  at 
which  the  vertebral  arteries  enter  their  bony  sheath.  Ten  minutes 
afterward  he  sends  the  galvanic  current  into  the  different  parts  of  the 
head  thus  severed  from  its  body,  without  producing  any  result  of 
movement.  He  then  fits  to  the  four  arteries,  the  extremities  of  which 
appear  in  the  cutting  of  the  neck,  little  pipes  connected  by  tubes  with 
a  reservoir  full  of  fresh  oxygenated  blood,  and  guides  the  injection  of 
this  blood  into  the  vessels  of  the  brain.  Immediately  irregular  mo- 
tions of  the  eyes  and  the  facial  muscles  occur,  succeeded  by  the  ap- 
pearance of  regular  harmonious  contractions,  seeming  to  be  prompted 
by  the  wilL  The  head  has  regained  life.  The  motions  continue  to  be 
performed  during  a  quarter  of  an  hour,  while  the  iDJection  of  blood 
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mto  the  cerebral  arteries  lasts.     On  stopping  the  injection^  the  motions 
[  eeise,  and  give  place  to  the  gpasms  of  agony,  and  then  to  death. 

Pbjsiologists  asked  whetlier  such  a  momentary  resurrection  of  the 

fanctions  of  life  might  not  be  brought  about  in  the  human  subject — 

[that  i&,  whether  movement  might  not  be  excited  and  expression  re- 

'  animated  by  injecting  freBh  blood  into  a  head  just  severed  from  a 

man^s  body,  as  in  M.  Brown-S^qnard's  experiment.     It  was  suggested 

to  try  it  on  the  heads  of  decapitated  eriminalB,  but  anatomical  obser- 

Yations,  particularly  those  of  M.  Charles  Robin,  showed  that  the  arte- 

fiea  of  the  neck  are  cut  by  the  guillotine  in  such  a  way  that  air  pene- 

rates  and  fills  them.    It  follows  that  it  is  impracticable  to  inject  them 

rith  blood  that  can  produce  the  effects  noted  by  M.  Brown-S^qiiard, 

:i<leed,  we  know  that  blood  circulating  in  the  vessels  becomee  frothy 

bu  contact  with  air,  and  loses  fitness  for  its  functions,     M.  Robin  snp- 

i6S  that  the  experiment  in  question  could  bo  successful  only  if  made 

'  upon  the  head  of  a  man  killed  by  a  ball  that  should  strike  below  the 

ck ;  in  that  case  it  would  be  possible  to  effect  stich  a  section  of  the 

ies  that  no  entrance  of  air  would  occur,  and,  if  the  head  were 

trated  at  the  place  pointed  out  by  M,  Brown-S^quardj  those  mani- 

f  feitations  of  fonetion  remarked  in  the  dog^s  head  would  probably  be 

obtained  by  the  injection  of  oxygenated  blood,     M,  Brown-S^quard  is 

convinced  that  they  might  be  obtained,  if  certain  precautions  were  ob- 

lerred,  even  with  the  head  of  a  decapitated  criminal ;  and,  so  strong 

b  lib  conviction,  that,  when  it  was  proposed  to  him  to  try  the  cxperi* 

meat — that  is,  to  perform  the  injection  of  blood  into  the  head  of  a 

ptnon  executed — ^he  refused  to  do  so,  not  choosing,  as  he  said,  to  wit- 

MM  the  tortares  of  this  fragment  of  a  being  recalled  for  an  instant  to 

•eusibiUty  and  life.     We  understand  M.  Brown-SiSquarcrs  scruples,  but 

it  is  allowable  to  doubt  whether  he  would  have  infiicted  great  suffering 

00  the  head  of  the  subject ;  at  most,  be  would  only  have  aroused  in  it 

1  degree  of  very  dim  and  uncertain  sensibility.  This  is  easily  ex- 
pUincd-  In  life,  the  slightest  perturbation  in  the  cerebral  circulation 
iienuogh  to  prevent  thought  and  sensation  utterly.  Now,  if  a  few 
4ro|Mi  of  blood  too  much  or  too  little  in  the  brain  of  an  animal  in  full 

-•ifRce  to  alter  the  regularity  of  its  psychical  manifestations, 

^re  certainly  will  the  completeness  of  the  brain's  action  be  d©* 

ciQge^i  if  It  is  awakened  by  an  injection  of  foreign  blood,  a  forcible 

I  tntry  too,  which,  of  neoesmty,  cannot  cause  the  blood  to  circulate  with 

I  laitable  pressure  and  equipoise. 

CoqMKvUke  rigidity  is  one  of  the  moat  characteristic  phenomena  of 

|4€tth.     Tlibi  is  a  general  hardening  of  the  muscles,  so  great  that  they 

the  property  of  extension  till  even  the  joints  cannot  be  bent ; 

plienomenon  begins  some  hours  after  death.     The  muscles  of  the 

jaw  are  the  first  to  stiffen ;  then  rigidity  invades  in  succession 

Mominal  muscles,  those  of  the  neck,  and  at  last  the  thoracic  ones, 

!  hmrdeniiig  takes  place  through  the  coagulation  of  the  half-fiu 
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albuminoid  matter  which  composoe  the  mtiBctilar  fibres,  as  the  soHdis 
l4)dtton  of  the  blood  results  from  coagulation  of  its  fibrine.  After  ■ 
"few  hours  the  coagulated  masculine  grows  fluid  again,  rigidity  pasM 
away,  and  the  muscles  relax*  Something  not  dissimilar  takes  pladi 
also  in  the  blood*  The  globules  change,  lose  shape,  and  suffer  the  be-' 
ginning  of  dissociation.  The  agents  of  putrefaction,  vibrios  and  bac- 
teria, thus  enter  upon  their  great  work  by  insidiously  breaking  up  the 
least  seen  parts. 

At  last,  when  partial  revivals  are  no  longer  possible,  when  the  last 
flicker  of  life  has  gone  out  and  corpse-like  rigidity  has  ceased,  a  new 
work  begins.     The  living  germs  that  had  collected  on  the  surface  of  the 
body  and  in  the  digestive  canal  develop,  multiply,  pierce  into  all  the 
points  of  the  organism,  and  produce  in  it  a  complete  separation  of  the 
tissues  and  humors ;  this  is  putrefaction*     The  moment  of  its  appear- 
ance varies  with  the  causes  of  death  and  the  degree  of  outward  tem- 
perature.    When  death  is  the  result  of  a  putrid  malady,  putrefaction 
begins  almost  immediately  when  the  body  has  grown  cold.     It  is  th« 
same  when  the  atmosphere  is  warnu     In  general,  in  our  climates,  t 
work  of   decomposition  becomes  evident  after  from  thirty-eight 
forty  hours.     Its  first  efiects  are  noticeable  on  the  skin  of  the  stomachi 
this  takes  on  a  greenish  discoloration,  which  soon  spreads  and  covers 
successively  the  whole  surface  of  the  body.     At  the  same  time  the 
moist  parts,  the  eye^  the  inside  of  the  mouth,  soften  and  decay ;  thi 
the  cadaverous  odor  is  gradually  developed,  at  first  faint  and  slightl; 
fetid,  a  mouldy  smell,  then  a  pungent  and  ammoniacal  stench*     Liti 
by  little  the  flesh  sinks  iu  and  grows  watery  j  the  organs  cease  to 
dbtinguishable.     Every  thing  is  seized  upon  by  what  is  termed 
tridity.     If  the  tiBsues  are  examined  under  the  microscope  at  this  mo- 
ment, we  no  longer  recognize  any  of  the  anatomical  elements  of  which 
the  organic  fabric  is  made  up  in  its  normal  state,     "  Our  flesh,"  Boi- 
suet  exclaims  in  his  funeral-sermon  on  Henrietta  of  England, 
changes  its  nature,  our  body  takes  another  name  \  even  that  of  a  corps^] 
used  because  it  still  exhibits  something  of  the  human  figure,  does  nw 
long  remain  with  it.     It  becomes  a  thing  without  a  shape,  which  ia 
every  language  is  without  a  name."     When  structure  has  wholly  <lii" 
appeared,  nothing  more  remains  but  a  mixture  of  saline,  fat,  and  pro 
teic  matters,  whtcTt  are  either  dissolved  and  carried  away  by  water, 
slowly  burned  up  by.  the  air"'s  oxygen,  and  transmuted  into  new  pi 
nets,  and  the  whole  substance  of  the  body,  except  the  skeleton,  retui 
piecemeal  to  the  earth  whence  it  came  forth.     Thus  the  ingredients  oi 
our  organs,  the  chemical  elements  of  our  bodies,  turn  to  mud  and  d 
again*    From  this  mud  and  this  dust  issue  unceasingly  new  life  %u 
energetic  activity ;  but  a  clay  fit  for  the  commonest  uses  may  also 
got  from  it,  and,  in  the  words  of  Shakespeare's  Hamlet^  the  doil 
Alexander  or  Caesar  may  plug  the  vent  of  a  beer-cask,  or  '*  stop 
to  keep  the  wind  away."    These  "  base  uses,"  of  which  the 
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'  l>eiiinark  speaks  to  Horatio^  mark  the  extreme  limits  of  the  tmnsforma- 
tioQ  of  matter.  Iii  any  case  the  beings  of  lowest  order  that  toil  and 
engender  id  the  bosom  of  putrefaction  are  really  absorbing  and  storing 
^way  life,  since  without  their  aid  the  corpse  could  not  serve  as  outri- 
Toent  to  plants,  which  in  their  turn  are  the  necessary  reservoir  whence 
^nimality  draws  its  sap  and  strength.  It  is  in  this  sense  that  Buffon*8 
^loctrine  of  organic  molecules  is  a  true  one. 

Death  is  the  necessary  end  of  all  organic  existence.    We  may  hope 

snore  or  less  to  set  at  a  distance  its  inevitable  hour,  but  it  would  be 

:xnadnesa  to  dream  of  its  indefinite  postponement  in  any  species  wlmt* 

eoever.     No  doubt  there  is  no  contradiction  in  conceiving  of  a  perfect 

«qailibnum  between  assimilation  and  disass imitation,  such  that  the 

system  would  be  maintained  in  immortal  health.     In  any  case,  no  one 

Hias  yet  even  gained  a  glimpse  of  the  modes  of  realizing  such  an  cqui- 

libriam,  and  death  continues,  till  further  orders,  a  fixed  law  of  Fate. 

Still,  though  immortality  for  a  complete  organism  seems  chimerical, 

2>erliapa  it  is  not  the  same  with  the  immortality  of  a  separate  organ  in 

"ithe  iense  we  now  explain.     We  have  already  alluded  to  the  eiperi- 

:xxients  of  M,  Paul  Bert  on  animal-grafting.     He  has  proved  that,  on 

"ftbe  head  of  a  rat,  certain  organs  of  the  same  animaWas  the  tail,  for 

Sufltance — may  be  grafted.     And  this  physiologist  asks  himself  the 

^acstion,  whether  it  would  not  be  possible,  when  a  rat  provided  with 

^ttch  an  appendage  draws  near  the  close  of  his  existence,  to  remove  the 

Appendage  from  him,  and  transplant  it  to  a  young  animal,  which  in  his 

'    ^^um  would  be  deprived  of  the  ornament  in  the  same  way  in  his  old 

>    ^^ge  in  favor  of  some  specimen  of  a  new  generation,  and  so  on  in  sue* 

I    ^seation.     This  tail,  transplanted  in  regular  coarse  to  young  animals, 

'    ^^nd  imbibing  at  each  transference  blood  full  of  vitality,  perpetually 

»    '^^newed,  yet  ever  remaining  the  same,  would  thus  escape  death,-   The 

experiment,  delicate  and  difficult,  as  we  well  see,  was  yet  nndertaken 

^y  M-  Bert,  but  circumstances  did  not  allow  it  to  be  prolonged  for  any 

^sonsidcrable  time,  and  the  fact  of  the  perpetuity  of  an  organ,  period!* 

[     ^^ally  rejuvenated,  remains  to  be  demonstrated,  ^^H 

^^  Real  death,  then,  is  characterized  by  the  positive  ceasing  of  vital 
properties  and  functions  both  in  the  organic  or  vegetative  life,  and  in 

|i  the  animal  life,  properly  so  termed.  When  animal  life  disappears  with- 
out  any  interruption  occurring  in  organic  life,  the  system  is  in  a  state 
of  seeming  death.  In  this  state  the  body  ia  possessed  by  profound 
sleep  quite  sjmilar  to  that  of  hibernating  animals  j  all  the  usual  ex- 
pressions and  all  signs  of  internal  activity  have  disappeared,  and  give 
place  to  invincible  torpor.  The  most  powerful  chemical  stimulants 
exert  no  control  over  the  organs,  the  walls  of  the  chest  are  motionless ; 
in  short,  seeing  the  body  presenting  this*  appearance,  it  is  impossible 
not  to  think  of  it  as  dead.    There  arc  quite  numerous  states  of  the  ot* 


I 


tSo 


THE  POPULAR  SCIENCE  MONTHLY. 


ganism  which  may  thus  imitate  death  more  or  less  closely ;  the  com- 
monest one  is  that  of  famting.      In  this  case  neither  eensation  nor 
movements  of  circulation  or  respiration  are  any  longer  perceptible ; 
the  warmth  is  lowered,  the  skin  pallid  and  colorless*    Instances  of 
hysteria  are  cited  in  which  the  attack  has  been  prolonged  for  seTeral 
days,  attended  with  fainting.     In  this  strange  condition  all  physiologi- 
cal man ifc stations  remain  suspended ;  yet  they  are  not,  as  it  was  long 
supposed,  suspended  absolutely.     M.  Bouchest  has  proved  that,  in  the^ 
gravest  cases  of  fainting,  the  pulsations  of  the  heart  continue,  weake^^ 
and  rarer,  and  harder  to  be  heard  than  in  normal  life,  but  clearly  dis — 
tingnishable  when  the  ear  is  laid  on  the  precordial  region.     On  thi 
other  hand,  the  muscles  retain  their  suppleness  and  the  limbs  their^ 
pliability. 

Asphyxia,  which  properly  is  suspension  of  breathing,  and  cons^ 
quently  of  the  blood^s  revivification,  sometimes  passes  into  a  serious 
fainting  condition  foUowt^d  by  seeming  death,  from  which  the  suferer 
recovers  after  a  period  of  varying  length.  This  state  may  be  induced 
either  by  drowning  or  by  inhaling  a  gas  unfit  for  respiration,  such  si 
carbonic  acid  in  deep  wells,  emanations  from  latrines,  or  the  choke* 
damp  of  mines,  or  by  suflbcation.  In  1650  a  woman  named  Ann 
Green  was  hanged  at  Oxford.  She  had  been  hanging  for  half  an  hour, 
and  several  people,  to  shorten  her  suffering,  had  pulled  her  by  the  feet 
with  all  their  strength.  iVfter  she  was  placed  in  her  coffin  it  was  ob« 
served  that  she  still  breathed.  The  executtoner^s  assistants  attempts! 
to  end  her  existence,  but,  thanks  to  the  help  of  physicians,  she  oiiM 
back  to  life,  and  continued  to  live  some  time  afterward.  Drowning 
occasions  an  equally  deep  insenBibility,  during  which,  very  singuJariy, 
the  psychical  faculties  retain  some  degree  of  activity.  Sailors,  after 
timely  resuscitation  from  drowning,  declare  that,  wldle  under  water, 
they  had  returned  in  thought  to  their  families,  and  sadly  fancied  the 
grief  about  to  be  caused  by  their  death.  After  a  few  minutes  of  phy^ 
ical  rest,  they  suffered  violent  colic  of  the  heart,  which  seemed  to  twi»t 
itself  about  in  their  chests ;  afterward  this  anguish  was  followed  by 
utter  annihilation  of  consciousness.  It  is  very  difficult,  moreover,  to 
determine  how  long  apparent  death  may  be  protracted  in  an  organism 
under  water.    It  varies  greatly  with  temperaments* 

In  the  islands  of  the  Greek  arcliipelago,  w^here  the  business  of  gatb* 
ering  sponges  from  the  bottom  of  tbc  sea  is  pursued^  children  are  ooi 
allowed  to  drink  wine  until,  by  practice,  they  have  grown  accustoiaed 
to  remain  a  certain  time  under  water.  Old  divers  of  the  archipelago 
say  that  the  time  to  return  and  take  breath  at  the  surface  is  Indicate 
to  them  by  painful  convulsions  of  the  limbs,  and  very  severe  ooDtrso^ 
tions  in  the  region  of  the  heart.  TIjIs  power  of  enduring  asphyii?!  f»r 
some  time,  and  resisting  by  force  of  will  the  movements  of  respir 
has  been  remarked  under  otlrer  circumstances.  The  case  of  a  HinUoo 
is  mentioned,  who  used  to  creep  into  the  palisaded  enclosured  used  for 
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bathing,  In  the  Gauges^  by  the  ladies  of  Calcutta,  seize  one  of  them 
Wg  the  legs,  drown  her,  and  rob  her  of  her  lingB.     It  waa  supposed 
Hiat  a  crocodile  carried  her  offi     One  of  liis  intended  vietinis  succeed- 
Hg  in  escaping,  the  assassiu  was  seized  and  executed  in  1817.    He 
confessed  that  he  had  practised  the  horrible  bufliness  for  seven  years. 
Another  iosta&ce  is  that  of  a  spy,  who,  Beeing  preparatioos  making  for 
Bi  execution,  endeavored  to  escape  it  by  feigning  death.     He  held  his 
^eath,  and  suspended  all  voluntary  motions  for  twelve  hours,  and  en- 
dared  all  the  t€3t8  applied  to  him  to  put  the  reality  of  his  death  be- 
yond doubt.     Anaasthetics,  too,  like  chloroform  and  etlier,  sometimes 
produce  stronger  effects  than  the  surgeons  using  them  desire,  and 
occasion  a  state  of  seeming  deatb  instead  of  temporary  insensibility. 

It  is  easy  to  recall  persons  to  life  who  are  in  a  state  of  seeming 
dcuch ;  it  is  only  needful  to  stimulate  powerfully  the  two  mechanical 
•jTBtems  that  are  more  or  less  completely  suspended  in  action,  namely 
thoao  of  respiration  and  circulation.  Such  movements  are  eommuni- 
Cited  to  the  frame  of  the  chest,  that  the  lungs  are  alternately  com- 
pnsAsed  and  dilated,  A  sort  of  shanipooing  ia  applied  over  the  whole 
y,  which  restores  the  capillary  circulation ;  chemical  stimulants, 
aA  ammonia  or  acetic  acid,  are  brought  under  the  patient's  nos- 
Thia  is  the  mode  of  treatment  for  drowned  persons,  whose  cou- 
U  brought  on  by  ceasing  to  breathe  the  air,  not  by  taking  in  too 
ch  water.  A  very  effective  method  in  cases  of  apparent  death, 
by  inhaling  a  poisonous  gas,  such  as  carbonic  acid  or  sulphu- 
liydrogen,  consists  in  making  the  piitient  draw  in  large  quanti- 
iciof  pure  oxygen.  And,  again,  it  has  very  lately  been  proposed,  as 
Hall^  raggested  without  success  early  in  this  century,  to  adopt  the  use 
«if  strong  electric  currents  for  stimulating  movement  in  persons  who 
lie  in  a  §tate  of  syncope. 

In  all  the  cases  of  seeming  death  we  have  just  mentioned,  one  mark 
*f  TitaHty  persistently  remauas,  that  is,  pulsation  of  the  heart.  Its 
ttfobs  are  less  strong  and  fi*equent,  but  they  continue  perceptible  on 
mutation.  They  are  regularly  discernible  in  the  deepest  fainting- 
fa,  b  the  various  kinds  of  asphyxia,  in  poisonings  by  the  most  vio- 
letji  nareotiea,  in  hysteria,  in  the  torpor  of  epilepsy,  in  short,  in 
tb«  most  diverse  and   protracted  states  of  lethargy  and  seeming 

Yet,  thia  result,  now  a  practical  certainty,  was  unknown  to  physl- 

mai  of  old,  and  it  cannot  be  denied  that,  in  former  times,  seeming 

<itadi  was  quite  often  mistaken  for  true  death.    The  annals  of  science 

kiffl  recorded  a  certain  number  of  errors  of  this  kind,  many  of  which 

riiitli«d  in  the  interment  of  unfortunate  wretches  who  were  not 

And  for  one  of  these  mistakes  that  chance  has  brought  to  light 

loo  laUe,  or  in  time  for  the  rescue,  even  then,  of  the  victim,  how 

lf«  tltere,  particularly  in  times  of  ignorance  and  carelessness, 

10  tme  haa  ever  known  1     How  many  live  men  have  only  given 
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up  their  last  breath  after  a  Tain  struggle  to  break  oat  of  their  coffinfl 
The  facts  collected  by  Bnihier  and  Lallemand  in  two  works  that  have 
become  classic  compose  a  most  mournful  and  dramatic  history.  Tb<;se 
are  some  of  its  episodes,  marked  by  the  strange  part  that  chance  plays 
in  them.  A  rural  guard,  having  no  family,  dies  in  a  little  village  of 
Lower  Charente.  Hardly  grown  cold,  his  body  is  takfn  out  of  bed, 
and  laid  on  a  straw  ticking  covered  with  a  coarse  cloth.  An  old  hii^d 
woman  is  charged  with  the  watch  over  the  bed  of  death.  At  the  foot 
of  the  corpse  were  a  branch  of  box,  put  into  a  vessel  filled  with  holy" 
water^  and  a  lighted  taper.  Toward  midnight  the  old  watcher,  yield- 
ing to  the  invincible  need  of  sleep,  fell  into  a  deep  slumber.  Two 
hours  later  she  awoke  surrounded  by  flames  from  a  fire  that  had  caught 
her  clothes.  She  roshed  out,  crying  with  all  her  might  for  help,  an 
the  neighbors,  runuiug  together  at  her  screams,  saw  in  a  momenta 
naked  spectre  issue  from  the  hut,  limping  and  hobbling  on  limbs  cov- 
ered with  bunis.  While  the  old  woman  slept,  a  spark  had  probahlf 
dropped  on  the  straw  bed,  and  the  fire  it  kindled  had  aroused  boti 
the  watcher  from  her  sleep  and  the  guard  from  his  seeming  dead 
With  timely  assistance  he  recovered  from  his  bums,  and  grew  son 
and  well  again. 

On  the  15th  of  October,  1842,  a  farmer  in  the  neighborhood  i 
Neufch^tel,  in  the  Lower  Seine,  climbed  into  a  loft  over  his  barn  tQ{ 
sleep,  as  he  usually  did,  among  the  hay.     Early  the  next  day,  hii  ( 
to  mar  y  hour  of  rising  being  past,  his  wife,  wishing  to  know  the  cua 
of  his  delay,  went  to  look  for  him,  and  found  him  dead.     At  the  tii 
of  interment,  more  than  twenty-fgur  hours  after,  the  bearers  pla 
the  body  in  a  coffin,  which  was  closed,  and  carried  it  slowly  down  1 
ladder  by  which  they  liad  gained  the  loft.     Suddenly  one  of  the  round 
of  the  ladder  snapped,  and  the  bearers  fell  together  with  the  oofl 
which  burst  open  with  the  shock.     The  accident,  which  might  hav 
been  fatal  to  a  live  man,  was  very  serviceable  to  the  dead  one,  whoi 
roused  from  his  lethargy  by  the  concussion,  returned  to  life,  and  i 
ened  to  get  out  of  his  shroud  with  the  assistance  of  those  of  the  1 
Btanders  who  had  not  been  frightened  away  by  his  sudden  resnr 
An  hour  later  he  could  recognize  his  friends,  and  felt  no  unea 
except  a  slight  confusion  in  his  head,  and  the  next  day  was  able  to  | 
to  work  again.     At  about  the  same  time  a  resident  of  Nantes  gave  i 
life  after  a  long  illness.     His  heirs  made  arrangements  for  a 
funeral,  and,  while  the  performance  of  a  requiem  was  going  on^  \ 
dead  man  returned  to  life  and  stirred  in  the  coffin,  that  stood  ill  1 
middle  of  the  church.     When  carried  home,  he   soon  regained 
health.     Some  time  afterward,  the  curk^  not  earing  to  be  at  the  troul; 
of  the  burial  ceremonies  for  nothing,  sent  a  bill  to  the  ex-oorps<»,  wb 
declined  to  pay  it,  and  referred  the  curk  to  the  heirs  who  had  giv 
orders  for  the  funeral.     A  lawsuit  followed,  with  which  the  papers  i 
^the  day  kept  the  public  greatly  amused,     A  few  years  ago  Ca 
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Donnet,  in  tlie  Senate,  told  his  own  story  of  the  circumstances  ander 
which  ht?  narrowly  escaped  being  buried  alive. 

Besides  these  instances  of  premature  burial  in  which  the  victim 
escaped  the  fearful  consequences  of  the  mietake  made,  others  may  be 
cited  in  which  the  blunder  was  discovered  only  too  late.  Quite  a 
oamber  of  such  cases  are  known,  soine  of  which  are  told  with  details 
too  romantic  to  entitle  them  to  implicit  belief,  while,  however,  many 
of  them  show  miquestionable  signs  of  authenticity.  There  loog  pre- 
vailed a  tradition,  not  easily  traceable  to  any  source^  which  attiibuted 
tk  death  of  the  Abbe  Provost  to  a  mistake  of  this  kind*  All  his 
Wographers  relate  that  the  famous  author  of  "  Manon  Lescaut,"  falling 
wnseless  from  the  effect  of  a  rush  of  blood,  in  the  heart  of  the  forest 
of  Chaatilly,  was  supposed  to  be  dead ;  that  then  the  surgeon  of  the 
Tillage  having  made  an  incision  into  his  stomach,  by  direction  of  the 
oiagistrate,  to  ascertain  the  cause  of  death,  Provost  uttered  a  cry,  and 
<iid  then  die  in  earnest.  But  it  has  since  been  proved  that  the  story 
is  imaginary,  and  that  it  was  made  up  after  Provost's  death  ;  nor  do 
*uy  of  the  necrological  accounts  published  at  the  time  refer  it  to  the 
coDBeqaenoes  of  a  premature  autopsy.  Though  the  account  of  Provost 
^neeted  alive  seems  doubtful,  that  is  not  the  case  with  the  story  told 
with  regard  to  an  operation  by  the  famous  accoucheur,  Philip  Small. 
A  Woman,  about  to  be  confined,  fell  into  a  state  of  seemiog  death, 
StnaLl  relates  that  when  he  was  summoned  to  perform  the  Cesarean 
<*pention,  the  by-standers,  convinced  that  the  woman  was  dead,  urged 
him  to  proceed  with  it.  "  I  supposed  so,  too,"  he  says,  "  for  I  felt  no 
puUe  in  the  region  of  the  heart,  and  a  glass  held  over  her  face  showed 
ao  sign  of  respiration."  Then  he  plunged  his  knife  into  the  body,  and 
I  Wii  cutting  among  the  bleeding  tissues,  when  the  subject  awoke  from 
M'li^  lethargy, 

^1  We  cite  some  still  more  startling  instances.  Thirty  years  ago,  a 
^B  J^lent  of  the  village  of  Eymeg,  in  Dordogne,  had  been  suffering  for 
~  *loDg  time  from  a  chronic  disorder  of  little  consequence  in  itself,  but 
Priced  by  the  distressing  symptom  of  constant  wakefulness,  which 
forbade  the  patient  any  kind  of  rest.  Worn  out  with  this  condition, 
^  consulted  a  doctor,  who  prescribed  opium,  advising  great  caution 
^  its  use.  The  invalid,  possessed  with  that  common-enough  notion 
^^At  the  efficacy  of  a  drug  is  proportioned  to  its  quantity,  took  at  one 
time  a  dose  sufficient  for  several  days.  He  soon  fell  into  a  deep  sleep, 
^'kbh  continued  unbroken  for  more  than  twenty^four  hours.  The  vil- 
»ge  doctor,  being  summoned,  finds  the  body  without  warmth,  the  pulse 
^^ti^  and,  on  opening  the  veins  of  both  arms  in  succession,  obtains 
bttl  a  fe^  drops  of  thick  blood.  The  day  after,  they  prepared  for  hia 
^ttri^L  Bat,  a  few  days  later,  closer  inquiry  revealed  the  imprudence 
*w  poor  wretch  had  committed  in  taking  an  excessive  quantity  of  the 
|i^cribed  narcotic.  The  report  spreading  among  the  villagers,  they 
insist  on  his  disinterment,  which  is  allowed.     Gathering  in  a  crowd,  at 
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Iks  MBtterj^  thejf  take  up  the  coffin,  open  it,  and  are  met  hy  a  boi 

bfe  aiglit.    Tbe  mbemble  man  had  turned  over  in  his  coffin,  the  bk 

lli»  two  opened  Teins  had  soaked  the  shroud  3  his  featti 

eonlorted,  and  his  convulsed  limbs  bore  witness  to 

liad  preceded  death.     Most  of  the  facts  of  this  Id 

iPt  of  niibor  rimole  date.     The  latest  instances  have  happened  in  1 

OOiUitrf ,  amoag  an  ignormnt  population,  usuall j  in  neighborhoods  wh 

BO  pkfsieittii  W10  cmlled  on  to  ascertain  the  decease,  that  la,  to  diBt 

llio  mam  of  seeming  death  from  those  of  true  death. 

BoWtllMMliean  we  certainly  know  apparent  from  real  death  ?  Th 
li  S  otfidbi  munber  of  positive  signs  of  death;  that  is  to  say,  si{ 
wUioli,  wb^ii  abaolutely  discerned,  leave  no  room  for  mistake.  Yet  so 
likyaloliBe,  and  Bkany  people  who  know  nothing  of  science,  are  stiU 
diMblfiil  about  tbe  eertainty  of  these  signs  as  to  wish  that  physiolc 
CO«U  d»l€^  others  of  a  more  poaitive  character.  A  zealouR  philanth 
|riil»  ^(iitlt  lately,  gave  a  sum  for  a  prize  of  twenty  thousand  franca 
||l»  diiioovorer  of  an  infallible  sign  of  death.  Doubtless,  the  intentioi 
aoioott^iil,  but  we  are  safe  henceforward  in  regarding  the  sexton's  w< 
wilhottl  mbim  $  the  signs  already  knoii^  are  clear  enough  to  previ 
ttl7  atalal^  aind  to  make  the  fatal  nsk  of  premature  burial  impossil 

Wi^  must  point  out,  in  the  first  place,  the  immediate  signs  of  dea 
The  first,  and  the  most  decisive,  is  the  absolute  stoppage  of  the  heaj 
IpulsaibnSf  noted  for  a  duration  of  at  least  five  minutes,  not  by  1 
touch,  but  by  the  ear.  '*  Death  is  certain,"  says  the  reporter  of  1 
eOBiinissiou  named  in  1848,  by  the  Academy  of  Sciences,  to  award  1 
yriae  cf  oompelition  as  to  the  signs  of  true  death,  *^  when  positive  c 
Mioaof       *  i*f  th^  heart  in  the  subject  has  been  ascertain 

vUbh  i>  V  followed,  if  it  has  not  been  preceded,  by  cei 

ikMH  of  rsspiratton,  and  of  the  functions  of  sensation  and  motion."  1 
fftOK^Ie  S%iiS  equally  deserve  attention.  Of  these,  three  are  recognizi 
cptyos  Bke  rigidity,  resj^istance  to  the  action  of  galvanic  currents,  i 
■mritfcrtinii      As  we  have  already  seen,  rigidity  does  not  begin 

»jSSi<tlt  hours  after  death,  while  general  and  complete  disappearaj 
4|fawMtiir  contract  Utty,  under  the  stimulus  of  currents,  and,  last 
^  |Hig|>WtioHt  are  only  manifest  at  a  still  later  period.    Tliese  rem 
jjMV  fiiitleiilarly  the  last,  have  this  advantage,  that  they  may 
««cftMMHl  by  Ibodo  unacquainted  with  medicine,  and  it  is  very  % 
m»  MP  9MII»  sttonlion  to  them  in  countries  where  physicians  are  l 
'fce  Tsrification  of  the  disease,  but  they  are  of  no  im|i 
then'  are  doctors  to  examine  the  heart  with  instrumei 
ptly  and  surely  upon  the  death,  from  the  compi 
in  that  organ.    At  the  beginning  of  the  centu 
other  physicians,  convinced  that  all  the  signs 
weft  uncertain,  except  putrefaction,  proposed  1 
(T,  the  establishment  of  a  certain  number  of  n 
10  receive,  and  keep  for  some  time^  the  bod 
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of  deceased  persons.  During  the  whole  existence  of  these  establish- 
metitB,  not  one  of  the  bodies  transported  into  those  asylums  lias  been 
known  to  return  to  life,  as  the  authentic  declarations  of  the  attendant 
doctors  agree.  The  usefulness  of  such  mortuary  houses  is  still  more 
queslionable  in  our  time^  when  we  ha%^e  a  positive  and  certain  means 
of  recognizing  real  death.  Those  police  regulatioos  that  forbid  autop- 
fies  and  interments  nntil  the  full  term  of  delay  for  iwenty-four  hours, 
measured  from  the  declaration  of  death,  still  remain  prudeut  pre- 
cautions, hot  they  do  not  lessen  at  all  the  certainty  of  that  evidence 
fomished  by  the  stopping  of  the  heart.  When  the  heart  has  definitely 
ceaaed  to  beat,  then  resurrection  is  no  longer  possible,  and  the  life 
wliich  deserts  it  is  preparing  to  enter  upon  a  new  cycle. 

Hamlet^  in  his  famous  soliloquyj  speaks  of  '*  that  undiscovered 
country  from  whose  bourn  no  traveller  returns,"  and  mournfully  asks, 
wliat  must  be  the  dreams  of  the  man  to  whom  death  has  opened  the 
portals  of  those  gloomy  regions.  We  can  give  no  clearer  answer,  in 
tluj  Mme  of  physiology,  than  Shakespeare's  prince  gives.  Physiology 
11  dumb  as  to  the  destiny  of  the  soul  after  death ;  of  that  it  teaches, 
&Qd  it  can  teach  us,  nothing.  It  is  plain,  and  it  would  be  childish  to 
deay  it^  that  any  psychical  or  sentient  manifestation,  and  any  concrete 
represeutation  of  the  personality,  are  impossible  after  death.  The  dis- 
^lation  of  the  organism  annihilates  surely,  and  of  necessity,  the  func- 
tions of  sensation,  motion,  and  will,  which  are  inseparable  from  a  cer- 
^v  UiQ  comiiination  of  material  conditions.  We  can  feel,  move,  and  will, 
^Bouly  so  far  as  we  have  organs  for  reception,  transmission,  and  execu- 
^■tioiu  These  assurances  of  science  are  above  discussion,  and  should  be 
^•ccepied  without  reserve.  Do  they  tell  ns  any  thing  of  the  destiny  of 
^  the  psychical  principles  themselves  ?  Again  we  say,  No,  and  for  the 
^ery  Bimple  reason  that  science  does  not  attain  to  those  principles  ; 
i^t^ttt  metaphysics,  which  does  attain  to  them,  authorizes  us,  nay,  further^ 
^■Bompels  us  to  believe  that  they  are  immortal  They  are  immortal,  as 
"  tbe  principles  of  motion,  the  principles  of  perception,  all  the  active 
.  oaities  of  the  world,  are  immortal.  What  is  the  general  characteristic 
H^^  tbose  unities  ?  It  is  that  of  being  simple,  which  means  being  inde- 
^^•truciiblc,  which  means  being  in  harmonioos  mutual  connection,  after 
•'icli  a  manner  that  each  one  of  them  perceives  the  infinite  order  of  the 
■rjjjj*^''-  If  this  connection  did  not  exist,  there  would  be  no  world. 
I^J^uat  is  the  characteristic  of  the  psychical  unities  more  especially  ?  It 
^  that  of  having,  besides  the  consciousness  of  such  perception,  the 
fueling  also  of  the  relations  that  bind  the  whole  together,  and  those 
I  w^ulties,  more  or  less  developed,  which  that  consciousness  and  that 
^Berceptiou  imply.  But  why  should  these  unities  be  any  more  perish- 
^■^le  than  the  others  ?  Why,  if  aO  these  forces,  all  these  activities,  are 
-  ^nial,  should  those  alone  not  possess  eternity  which  have  this  high 
■l^vUege,  that  of  kpowing  the  infinite  relations  which  the  others  sua- 
^wu  without  knowing  that  they  do  so  ? 
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To  form  a  conception  of  the  iinmortaHty  of  the  eoul,  then,  we 
place  ourselves  at  that  point  of  view  to  which  men  rarely  and  bardl; 
rise,  of  the  simplicity  and  the  indefectibility  of  all  those  principles  o: 
force  that  fill  the  imiverse.  We  must  train  oarselvee  to  understaoi 
that  what  we  see  is  nothing  in  comparison  with  what  we  do  not  eel 
The  whole  force,  the  whole  spring,  of  the  most  complex  movement! 
the  most  magnificent  phenomena  of  Nature,  and  the  most  subtle  open 
tions  of  life,  thought  included,  proceed  from  the  infinite  commiDglin 
of  an  infinity  of  seriee  of  invisible  and  unextended  principles,  whoi 
activities  ascend  in  the  scale  of  perfection  from  simple  power  of  moTc 
ment  up  to  supreme  reason.  Human  personality,  such  as  we  see  and 
know  it,  is  only  a  coarse  and  complex  result  from  those  of  these  priim" 
tive  activities  which  are  the  best  and  deepest  thing  in  us.  It  is  ooC 
that  personality  which  is  immortal — ^that  is  no  more  immortal  tluui 
the  motive  force  of  a  steam-engine  is,  or  the  electricity  of  a  voltaic 
battery^  although  movement  and  electricity  are  of  themselves  inde^ 
atructible.  It  is  not  that  personality  which  can  aspire  to  a  home  in 
the  bosom  of  God.  Our  true  personality,  our  real  /,  that  which  ibi| 
without  illusion  count  on  a  future  life,  is  unity  released  from 
material  bond,  and  all  concrete  alloy ;  it  is  that  force,  nec-essarUy  | 
wliich  has  a  more  or  less  clear  consciousness  of  its  own  relations  1 
the  infinity  of  like  unities,  and  which  more  or  less  draws  near  to  XhS 
by  thought  and  by  love.  It  is  beyond  our  power  to  conceive  what 
will  become  of  that  unity  when,  quitting  its  prison  of  flesh,  and  soaring 
into  the  ideal  ether,  it  will  no  longer  have  organs  with  which  to  act; 
but  what  we  can  affirm  is  that,  precieely  by  reason  of  this  freedom,  it 
Will  rise  to  a  clearer  knowledge  of  all  that  it  had  only  known  obscurely, 
and  to  a  purer  love  of  what  it  had  adored  only  through  the  veil  of 
sense.  And  this  certainty,  which  is  the  ennobling  and  elevating  fow* 
of  life,  is  also  the  consolation  for  death, — Re^ue  des  Deux  Monda. 
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NATURE  AKD  ORIGm  OF  TUE  DRIFT-DEPOSITS 
THE  NORTHWEST. 


Bt  Pbof.  K,  H.  WlKCflULL, 

STATK    OZOLOdlST    OF    HHriTBIOTA. 

LL   Origin  of  the  JMft. 

THE  first  records  of  exaet  observations  pertaining  to  the  drift  I 
to  have  been  made  in  the  first  quarter  of  the  present  cent 
and  are  wholly  confined  to  the  appearances  and  positiona  of  the  1 
ders,  or  "travelled  rocks,"  that  constitute  a  striking  object  to  the! 
entific    observer  throughout  the   northern    portions   of  Europe 
America.     In  1819  the  memoira  of  the  Wemerian  Society  of  Ediiil 
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umottiiced  the  transportation  by  ice  of  a  large  piece  of  conglomerate 
I X  9  X  d  feet  a  distance  of  200  yards  in  one  night.  It  was  deposited 
ifl  the  gands  on  the  shores  of  a  little  bay  on  the  Mersey  Fiith. 

A  similar  account  is  published  in  the  American  Journal  of  Science 
6niAn$^  1822,  as  occurring  at  Salisbury^  Connecticut, 
After  the  year  1820,  exact  observations  were  stimulated  in  this 
I  ooautry  by  the  publication  of  the  American  Jotirncd  of  Science  and 
,  which  from  time  to  time  called  attention  to  the  various  phe- 
Qa  of  the  drift.  The  earliest  investigations  of  note  were  made 
by  Be  Saussure,  Pallas,  and  De  Luc,  on  the  Continent  of  Europe,  and 
Sir  Jameft  Hall  in  Scotland.  These  observers  coincided  in  the 
pinion  that  the  existence  of  the  "travelled  rocks  "  must  be  explained 
hj  the  occurrence  of  devastating  currents  of  water,  or  dkbdcki^  from 
north,  which  transported  them  from  their  original  places.  This 
theory  was  advocated,  sometimes  with  slight  modifications,  by  the  re- 
Ttrad  Dr.  Edward  Hitchcock,  of  Massachusetts ;  by  Dr.  Benjamin 
flillm#»!,  of  Connecticut;  by  Dr.  Hildreth,  of  Ohio;  Lapham,  of  Wis- 
mnmn^l  J,  N.  McoUet,  of  Minnesota;  and  by  Yon  Buch,  Studer, 
Bocklmod,  and  De  la  Beche,  of  Europe.  Yon  Buch,  seeing  that  one 
AMdfi,  proposed  by  De  Saussure,  would  not  account  for  all  the  phe- 
nomena, supposed  there  were  several*  De  la  Beche  believed  this  vast 
Mtndation  from  the  north  was  the  immediate  result  of  a  sudden  up- 
iral  of  the  polar  regions,  turning  the  waters  of  the  Arctic  Ocean 
iiward  with  great  violence.  This  cause  was  also  accepted  by  Prof. 
Eld  and  Dr.  Silliman.  This  theory  is  the  same  as  that  known  as 
Hence  the  groovmgs  on  the  rocks  were  first  known  as  di- 
\  marks. 
Contemporary  with  the  dihdcle  theory  was  that  of  Chabrier,  who 
eved  the  bowlders  came  from  the  atmosphere.  This  theory  seems 
\  to  bAve  met  with  very  much  countenance,  and  soon  ceased  to  be 
led. 

1828  Peter  Dobson,  of  Connecticut,  proposed  the  germ  of  what 

an  important  and  long-lived  theory,  viz.,  that  floating  ice,  in 

li«  form  of  vast  sheets,  carried  great  quantities  of  gravel  and  stones, 

1 4]itiibuted  them  wherever  they  were  stranded.     This  suggestion, 

I  by  the  quick  indorsement  of  Sir  R.  L  Murchison,  grew  into  that 

i  sa  the  iceberg  theory,  which  survives  to  the  present  day.     This 

iitates  the  submergence  of  the  continent  beneath  the  quiet 

1  of  the  ocean,  and  here  diverges  from  the  dibdele  theory  which 

tdrbalent  waters.     The  iceberg  theory  received  many  prom- 

■nd  able  advocates.     Among  them  may  be  named  Sir  Charles 

eU,  Sir  Roderick  L  Morchison,  Peter  Dobson,  John  L.  Hayw,  C,  T. 

»ii,  Sedgwick,  of  England  ;  W.  C.  Redtidd,  of  New  England  j 

Mmth^^  of  Ohio ;  Dawson,  of  Canada  ;  and  a  great  many  oihers. 

Befure,  however,  the  iceberg  theory  had  grown  into  prominence, 

another,  which  at  least  has 
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advantage  of  allowing  the  continent  to  stand  still  instead  of  Mnkingit 
Beveral  thousand  feet  below  the  ocean-level 

Mr.  De  Kay  claimed  that  the  bowhlers  origiDated  ^at  or  near  the 
places  in  which  they  now  lie ;  that  they  are  the  remains  of  ancient 
peaks  of  primitive  rock  that  have  since  been  demolished  by  earths 
qnakes  and  by  atmospheric  forces,  the  sites  covered  by  detritus,  and. 
concealed  from  the  observer.  This  was  announced  in  1828,  but  it 
made  no  headway,  probably  from  the  fact  that  these  bowlders  lie  0C3 
the  surface  not  only  where  primitive  rocks  abound,  but  also  over  broaig 
areas  where  the  primitive  rocks  are  buried  thousands  of  feet  belo^ 
later  sedimentar}'  formations,  such  formations  being  intact  over  tl^^ 
whole  area. 

In  1837  Prof,  Louis  Agassiz  propoimded  that  theory  known  as  tbe 
glacier  theory  in  a  paper  read  before  the  Helvetic  Society  of  Natur»i 
History  in  his  native  country,  Switzerland.  It  is  thus  concisely  stated 
by  Mr.  Charles  McLaren ;  "  It  was  deduced  from  a  careful  study  af 
the  phenomena  attending  glaciers,  .  .  ,  The  Swiss  philosopher  ad- 
vanced step  by  step-  He  satisfied  himself  that  in  the  Alpine  valleys, 
where  glaciers  still  exist,  they  once  rose  to  a  higher  level,  and  ex- 
tended farther  down  into  the  low  country  than  they  now  do.  Next  he 
discovered  indications  of  their  former  existence  on  Mont  Jura  andovtf_ 
the  whole  Swiss  valley  ;  and,  connecting  these  with  similar  indicalio 
found  in  the  Vosges,  the  Scandinavian  mountains,  and  elsewhere,  1 
with  the  well-known  fact  of  sheets  of  ice  covering  the  northern  shores  < 
Siberia,  and  entombing  the  remains  of  extinct  species  of  animals,  he  ci 
to  the  conclusion  that,  at  a  period,  geologically  speaking,  very 
all  the  Old  World  north  of  the  35th  or  36th  parallel  had  been  envelop 
in  a  crust  of  ice.  Whence  the  cold  came  which  produced  this  efffi< 
and  why  it  afterward  disappeared,  are  questions  he  did  not  feel 
Belf  bound  to  answer,"  This  theory  had  been  suggested  before 
Venetz,  but  had  been  applied  by  him  only  to  the  region  of  the  Alj 
Prof.  Agassiz  afterward  more  fully  worked  out  his  theory,  giving  f*< 
and  careful  measurements,  and  calculations,  in  his  Camoua  work  entiti 
"  ]6tnde8  Bur  les  Glaciers," 

Prof,  Agassiz  supposes  that  the  eastern  Alps  were  upheaved  ^ 
the  coating  of  ice  was  on  the  surface,  this  being  the  last  catacly 
that  has  visited  Europe.     By  this  upheaval  of  the  Alps  the  ice  ' 
disturbed,  like  the  rocky  formations.     This  was  accompanied  or  ' 
lowed  by  a  higher  temperature,  and  the  thawing  of  the  ice,  which  | 
duced  torrents  and  consequent  valleys  of  erosion.     The  floods  wh 
followed  the  upheaval  of  the  Alps  were  sufficient  to  float  icebergs  < 
taining  blocks  of  rock  that  might  be  deposited  in  different  placea,  I 
water  being  at  least  300  feet  deep,  and  the  agent  that  carried  apd  \ 
posited  the  fine  drift  in  the  valleys  below.     The  catastrophe  which  j 
veloped  the  northern  regions  in  ice  was  sudden,  according  to 
Agassiz,  but  the  retreat  of  the  glacier  was  slow. 
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Thi«  theory,  so  novel,  so  startling,  met  with  various  acceptance. 
By  some  it  was  loudly  scoutecl  as  tlie  product  of  the  imagination  sololy  ; 
and  was  classed  by  Pro£  B>  Studer,  a  savant  of  tliQ  Continent  oi"  Eu- 
rope, with  the  poetical  Indian  legends,  wherein  the  periods  of  heat  and 
life  are  made  to  alternate  with  periods  of  freezing  and  death.     But  its 
force  lay  in  the  inherent  evidence  of  candor,  and  honesty  in  the  state- 
^Bent  of  faists  about  which  there  could  be  no  dispute.     By  the  most 
^■ttlightened  geologists,  both  of  the  Old  World  and  the  New,  it  was  re- 
^Weived  as  a  flood  of  light  cast  on  what  had  before  been  dark  and  un- 
explained ;  and  it  was  accepted  with  some  caution  and  exceptions  by 
such  men  as  Prof.  Buckiand,  Sir  Charies  Lyell,  and  Pro£   Edward 
Hitchcock.     At  the  present  day  but  few  geologists  can  be  found  in 
this  country  who  do  not  admit  the  reality  of  the  glacial  epoch. 

But,  while  it  is  true  that  but  few  geologists  can  be  found  in  this 
Country  who  do  not  admit  the  truth  of  the  glacier  theory  of  Prof, 
Agaasiz,  it  is  also  true  that  a  great  raany,  perhaps  the  majority,  also 
adhere  to  the  iceberg  theory  of  Peter  Dobson*  The  two  theories  at 
ftrat  came  in  violent  conflict.  They  diverged  at  the  outset.  One  re- 
^l^ired  the  continent  below  the  ocean,  and  the  transportation  of  bowl- 
der and  other  drift  by  flouting  ice ;  the  other  required  it  elevated 
high  above  the  ocean,  and  the  transportation  of  the  drift  by  ice  in  the 
form  of  continental  glaciers.  HoWj  then,  can  the  same  person  hold  to 
hotb  theories  ? 

800Q  after  the  promulgation  of  the  glacier  theory  by  Prof.  Louis 
Agassiz,  Mr.  Charles  McLaren  attempted  to  make  it  liarmonize  with 
tile  iceberg  theory.  He  was  seconded  in  the  eflbrt  by  Prof*  Edward 
Hitchcock,  who  invented  the  term  aqueo-glacial^  to  express  the  force, 
^forces,  that  operated  to  disperse  the  materials  of  the  drift.  In  ex- 
ptoiing  the  meaning  of  that  term,  he  says,  however,  he  cannot  admit 
the  glacier  theory  of  Prof,  Agassiz,  and  apply  it  unqnalifiedly  to  this 
Oonntry;  but,  while  acknowledging  himself  greatly  indebted  to  Agas- 
'^  he  thinks  that  icebergs  were  the  principal  agents  in  transporting 
th«  drift.  In  the  years  1841  and  1842  Sir  Charles  Lyell  visited  this 
_*Wllltry.  IIi«  observations  on  the  drift,  published  in  various  scientific 
TOnah^  and  repeated  in  his  book  of  "  Travels  in  North  America,"  in 
''  1845,  furnish  the  basis  for  the  most  plausible  union  of  these  two 
»l  theopit^^^  He  divides  the  drift  epoch  into  fonr  parts  : 
*  It  The  period  of  craergencc  of  the  land,  during  which  some  of  tlie 

'^'i,  rocky  escarpments  of  the  continent  were  formed. 

1  A  gradual  subsidence  and  moderate  subraergence  of  the  interior 
^>ftiong  of  the  continent,  during  %vhich  icebergs  floated  over  the  sur- 
*<^  of  the  ocean,  grinding  and  marking  the  rocks, 

8.  The  deposition  of  the  clay,  gravel,  and  sand,  of  the  drift,  with 
ifdonal  ^gments  of  rock,  the  last  through  floating  ice, 
4.  Period  of  reSlevation  and  formation  of  lake-terraces. 
Although  not  professedly  aiming  to  reconcile  the  iceberg  theory 
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witii  the  glacier  theory  of  M,  Agassiz,  Mr,  Ly ell's  eminent  authority 
would  not  permit  the  total  extinguishment  of  the  iceberg  theory,  ani 
his  generaliisationa  hare,  perhaps,  had  more  influence  in  direciing  lh< 
efforts  of  others  in  eech  reconciliation  than  the  writings  of  any  othe: 
man.     It  required  but  very  slight  changes  in  Mn  LyeU*8  method  ofc- 
dividing  the  history  of  the  drift  to  evolve,  in  its  present  aspect,  th^^^ 
latest  theory  of  geologints  touching  the  origin  of  the  drift-deposil  _ 
Mr.  Murchison,  of  England,  coincides  with   ilr,  Lyeli   in   the  &u''^te 
mergence,  or  iceberg  theory,     Mr,  J.  D,  Dana  advocates  the  glac^^^ 
theory  in  its  fullest  extent ;   but,  although  adopting   also  the  teir-^g 
Chmnplain^  he  is  far  from  admitting  the  recent  enlargemeut  of  ikiat 
epoch,  so  as  to  bring  the  continent  beneath  the  water  of  the  ocean  a# 
required  by  the  supporters  of  the  combination  theory. 

Professors  E.  W.  HiJgard,  of  Mississippi,  and  J.  S,  Newberry,  of 
Ohio,  are  among  the  most  prominent  advocates  in  this  country  of  tbil 
new  theory,  resulting  from  the  combination  of  the  glacier  and  the  ice- 
berg theories.  Dr,  A,  Winchell,  of  New  York,  also  advocates  the  eama 
It  is  as  follows  ; 

Fir&U  The  glacier  epoch  proper. 

During  this  epoch  the  continent  was  considerably  elevated  abovi 
its  present  level,  especially  in  the  north.  This  either  produced,  or  irai 
accompanied  by,  a  greater  degree  of  cold,  the  effect  of  which  WM  tt> 
bring  over  the  continent  the  vast  sheets  of  ice  in  the  form  of  COBr 
tinental  glaciers,  required  by  the  hypothesis  of  Prot  Agassiz.  During 
this  epoch  the  roqks  were  scored,  and  many  deep  valleys  were  exci^ 
vated.     Large  bowlders  were  tniusported  to  regions  farther  soulL 

iSecofuL  The  submergence  of  the  continent,  attended  by  an  amfr 
lioration  of  the  climate  and  the  di.^appearance  of  the  glaciers,  orlhA 
retreat  to  the  far  north.  The  assortment  and  stratification  of  the  drifii 
produced  by  the  glaciers,  and  the  deposition  of  the  great  mass  knowti 
as  JSrie  cktt/^  and  other  clayey  portions  of  the  drift-sheet.  Tliis  cm- 
dition  of  the  continent  was  attended  by  the  appearance  of  nunicrotii 
icebergs  which  floated  over  the  submerged  land,  and  aided  to  t: 
port  the  coarse  drift,  according  to  the  hypothesis  of  Peter  Dobs^n* 

Tliird,  The  emergence  of  the  continent  with  a  halting  progress, 
ducing  terraces  and  ridges  marking  the  ancient  levels  of  the  ocean. 

These  three  steps  have  been  named  by  Prof  Dana,  in  their  01 
the  Glacial  Epochs  the  Champlain  Mpoch^  and  the  Terrace  l^[>oek 

Tlie  studies  of  Professors  Agassiz  and  Tyndall  on  the  glaciers 
the  Alps,  and  of  Dr.  Kane  on  those  of  Greenland,  have  so  fully  deJ 
strated  the  adequacy  of  glaciers  to  produce  all  tJie  effects  attril 
to  them  by  the  theory  of  Agassiz,  that  It  is  now  very  generally 
mitted  that,  wherever  those  phenomena  are  seen,  glaciers  must 
existed. 

Geology,  having  demonstrated  thus  the  necessity  for  a  period 
cold,  to  account  for  the  phenomena  of  the  surface  of  the  earth,  la^ 
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kr  the  difficalt  task  of  accounting  f^r  such  change  of  climate  on 
tosophical  principles.  It  is  here  that  the  community  of  the  sciences 
leaotifolly  illustrated.  Astronomy  comes  to  the  aid  of  her  younger 
It,  and  Geology  receives  from  her  the  solution  she  could  not  her- 
^ompass*. 

Istronomy  makes  knowTi  three  great  irregularities  in  the  motions 
he  earth,  requiring  thousands  of  years  each  for  their  recurrence. 
jrsre — 

I,  The  "  precession  of  the  equinoxes,"  combined  with  the  revolu- 
of  the  line  of  the  apsides,  prmiuces  a  progression  in  longitude,  of 
Ijrip^Uon  place  of  the  earth,  bringing  about  a  coincidence  of  the 
Jnbolstice  with  the  aphelion  once  in  21,356  years.  At  the  present 
our  aphelion  position  occurs  in  the  summer  season, 
,  Variation  of  the  inclination  of  the  earth's  axis  to  the  plane  of 
pbit*  This  passes  through  a  double  oscillation  in  about  ten  thou- 
yeara.  Its  effect  is  to  carry  the  solstitial  point  through  a  small 
tion  in  latitude,  and  to  that  extent  prolonging  or  witlidrawing  the 
tnce  of  the  8un*s  rays  in  ttje  polar  regions. 

t  Change  in  the  eccentricity  of  the  earth's  orbit.     This  irregu- 
r  paflfle«  from  maximum  to  maximimi  once  in  about  one  Imndred 
id  years.     Its  effect  is  to  lengthen  those  seasons  nearest  the 
Pg  aphelion,  and  to  shorten  those  nearest  its  perilielion.     At  the 
at  time,  our  aphelion,  occurring  in  the  summer  season,  lengthens 
arm  months  to  that  amount  that,  combined  with  the  slmrtening 
of  perihelion  in  winter,  makes  a  difference  of  about  eight  days 
ren  the  summer  and  winter  months  of  the  year. 
fce  conditions  favorable  for  polar  glaciation  are  as  follows  : 
t  Winter-solstice  in  aphelion. 
,  Obliquity  of  the  ecliptic  at  minimum. 
»  Eccentricity  of  orbit  in  maximum, 

le  coincidence  of  these  three  causes  would  produce  the  greatest 
tlion.     The  lea-^t  multiple  of  their  periods  of  recurrence  is  about 
w|w*>  million  years.     Tlie  second  cause  may  combine  a  great  many 
with  either  of  the  others  wthin  that  interval*     Its  effect  being 
to  that  of  either  of  the  other  two,  it  may  be  disreganled^ 
ttme  required  for  the  combination  of  the  other  two  would 
4,200,000  years,  which  would  necessarily  be  preceded  and  fol- 
by  %  onm!>er  of  approximations.     These  would  occasion  corre- 
petiods  of  increase  and  diminution  in  the  degree  of  cold  that 
not  r^ach   the  maximum  cold  incident   to   their   coincidence. 
Wy  the  most  powerful  of  the  causes  enumerated  is  the  occur- 
of  tJie  winter-solstice  in  aphelion,  which  alone  may  have  pro- 
the  last  glacial  epoch.     In  that  case  changes  in  the  prevalence 
ice  would  be  due  to  the  operation  of  cause  No,   2,  or  the  ob- 
of  th«?  fTliptic,     The  earth  is  now  022  years  past  its  period  of 
polar  gli^imlion  In  the  operation  of  cause  No,  1,  and  is  entering 
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Upon  its  period  of  nortli-polar  glaciation.  Its  last  glacial  epoch  in  the 
operation  of  this  cause  occurred  iu  the  Northern  Hemispht^re  in  its 
acme  of  inteiiBity  at  a  period  1 1 ,300  years  ago. 

The  efiect  of  these  irregularities  in  the  motions  of  the  earth  on  the 
climate  has  been  ably  discussed  by  Mr,  James  Croll,  of  the  Geological 
Sorvey  of  Scotland  ("  Transactions  of  the  Geological  Society  of  G1a&* 
gow,'*  vol.  it,  part  iii.,  p.  177),  and  detailed  calculations  on  the  perio- 
dicity of  these  variations  have  been  made  by  Mr.  Stockwell,  of  Cleve- 
land, Ohio, 

Let  US  endeavor  to  picture  the  recurrence  of  one  of  these  coinci* 
dencee,  and  to  rehearse  some  of  the  phenomena  of  an  actual  period 
of  continental  ice. 

The  precipitation  of  the  winter  season  is  all  preserved  on  the 
ground  in  the  form  of  snow  and  ice.     It  constitutes  what  has  been  de- 

L&onxioated  nhvL  The  advent  of  the  summer  season  is  not  powerftil 
Bnongh  to  melt  the  accumulations  of  the  long  winter.  The  nhm  is 
simply  converted  into  granulated  ice.  Another  winter  adds  to  the  J| 
thickness  left  by  the  preceding.  Another  summer  changea  it  to  fee.  E 
Some  water  may  be  the  result,  but  it  is  congealed  in  the  sireamf,  or  ^ 
perhaps  escaj^es  to  the  ocean.  This  succession  is  continued,  witli  s  ^ 
slow  increment  of  cold,  tlirough  thousands  of  years.  The  ice-mantle  ^ 
becomes  continental  in  its  extent.  Its  thickness  reaches  handred«  <rf  ,^ 
feet.  Toward  the  pole  this  may  be  increased  to  thousands  or  tens  of  | 
thousands.  It  has  a  great  weight.  It  presses  upon  itself.  Its  lower  | 
portions  yield  to  the  inequalities  of  the  rocky  surface.  The  mass  sedi  1^ 
the  valleys.  It  slides  down  the  mountain-sides,  carrying  the  iliMr  L-^ 
which  it  detaches  in  its  descent.  It  covers  the  broad  plains.  The  s^  —J 
cumulations  toward  the  north,  ever  increasing,  press  out  toward  tki  |  4 
south,  the  foot  of  the  ice-sheet,  A  general  movement  is  developed  by  |  ^ 
reason  of  the  gravity  of  the  mass,  the  fracturing  and  regelation  Ai 
its  parts,  and  the  molecular  forces  that  allow  it  to  yield  under  presHM. 
Each  recurring  summer  develops  more  or  less  water.     This  water  |l4. 

[liaps  enters  the  openings  and  crevasses,  and  washes  out  some  of  tH^' 
obstructions,  facilitating  the  general  progress.     The  main  water*8!u^l? 

^■eparating  valleys  serve  also  as  ice-sheds.     The  valleys  are  more  raj-  i; 
dug  out  by  the  rasping  and  ploughing  movement  of  the  glacier  \Vm 
are  the  highlands.     In  the  valleys  the  ice  flows  most  rapidly, 
valleys,  also,  the  ice  is  prolonged  much  farther  into  warmer  lai 
than  on  the  higldands.     Southward,  prolongations  of  the  ice^i 
low  the   north-south   outcropping  edges  of  argillaceous   foi 
Lake  Michigan  lies  in  one  of  these  troughs.    Lake  Huron  lies  is 
other.     Lakes  Erie  and  Ontario  are  only  shallow  basins  dug 
soft  rocks  by  ice  that  passed  southwestwardly.    The  shale*bed 
gave  rise  to  Lake  Ontario  also  determined  the  location  of  Geoi| 
Bay  and  of  Green  Bay.    The  basin  of  Lake  Erie  is  much  shalk 

^toward  the  west  end  than  toward  the  east,  and  it  finally  runs  out  I 
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ketber  by  reaBon  of  the  westward  attenuation,  and  finaOy  the  entire 
■Mppenrance  of  the  salina  formation  in  which  it  is  largely  exeavate<L 
^RS  ice  was  then  thrust  up  on  to  harder  rocks  that  form  the  basis  of 
Korthweatem  Ohio  and  Northeastern  Indiana.  Lake  Michigan  was 
terminated  southwardly  by  tbe  eastward  trend  of  the  rocky  outcrops 
bi  *n  angle  that  the  ice  could  not  follow.  The  Red-River  flats  of  Min- 
MflOta  correspond  to  the  Winnipeg  baein  in  the  same  way  that  the 
l^lack-Swamp  district  of  Ohio  does  to  the  Lake-Erie  basin,  or  the 
f prairie  district  surrounding  the  southern  end  of  Lake  Micliigan  does 

to  the  basin  of  that  lake. 

■       It  must  be  remembered,  however,  that  thcougbout  the  continuance 

llrf  the  ice-period  the  motion  of  tbe  ice  brought  it  iinally  into  a  climate 

I  where  it  could  not  exist  as  ice.     It  gave  rise  to  countless  streams  of 

1  Water.     The  broad,  level  country  of  the  Northwest  was  not  sufficiently 

prreguljir  to  gather  tbe  ice,  and  consequently  not  the  water,  into  val- 

Ifeys  haring  a  north-south  direction.     The  water  from  tbe  ice  acted  all 

Filoog  the  ice-foot  with  a  comparatively  uniform  energy.     If  it  was  ul- 

ttmately  gathered  into  large  streams,  it  must  have  been  at  consideniMe 

distmnces  from  the  glacial  fiekh     It  must  be  remembered  also  that  the 

ioctunQlated  precipitation  of  the  entire  year  over  broad,  continental 

iffetti  was  preserved  from  thaw  till  it  arrived  at   the  latitude  of  tbe 

limitttioii  of  the  glacier,  and  there  its  full  volmne  was  discharged.     It 

WJM  sm  if  tbe  entire  precipitation  of  the  continent — say  from  the  lati- 

n^^of  Chicago  to  the  north-pole — were  concentrated  on  a  belt  of  ter- 

W^^^  say  of  fifty  miles  in  width,  running  east  and  west  across  tbe 

Bootlxieiilf  and  having  the  direction  of  the  marginal  line  of  the  ice* 

Biol.     Thus  a  constant  slieet  of  turbid,  running  water  would  act  on  all 

Hgecta  over  which  the  ice-foot  retreated, 

^  Wc  moat  not  forget,  in  recalling  to  our  imagination  the  scenes  and 
■r«iit«  of  the  ice-period,  to  inquire  what  were  the  position  and  the  con- 
Bitioii  of  the  drift  to  which  it  gave  origin* 

ft  In  re^ons  far  to  the  north,  the  eye  probably  would  not  bo  able  to 
Hnem  any  object  except  that  of  tbe  universal  ice.  Tbe  surface  of 
Hi  ipmimd  would  be  thousands  of  feet  below  tbe  traveller,  if  we  may 
^kp0raiitl4id  to  presume  so  hardy  a  humau  being.  Like  Dr.  Kane  ex- 
Bfiitag  tilt  great  Humboldt  Glacier  of  Greenland,  he  would  meet  with 
KuBtlaaa  obstacles  and  dangers.  But  those  olj^taclea  would  consist 
Hl.kimaiiocky  ic^  or  crevassed  Ice,  or  perpendicular  ice-wnlls.  lie 
HMU  flee  DO  soil,  no  rocks,  no  vegetation,  no  animal  life.  Tbe  winds 
^mU  yrlnntle,  iitorms  would  rage,  snow  would  be  drifted  about,  and 
%e  IncSbciiial  euo  would  rarely  venture  to  smile  on  the  dreary  waste. 
■kttlitfr  to  the  aoath,  tbe  explorer  would  ilnd  isolated  spots  of  bare 
^■■piL  He  would  see  about  them  the  accumulated  tUbris  of  bowl- 
^^K|^T^!,  and  dust,  from  constant  winds,  spread  more  or  less  over 
f  te^-i^,  ftaining  its  painful  whitenesfi,  and  showing  the  more  grate- 
la  i  BipMi^faj^ri^H^y^fi^^     Another  hundred  miles  faither  south, 
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and  he  finds  the  evidences  of  the  dissolution  of  the  ice-sheet  mnltiplj 
ing.     Occasional  streams  of  water  run  on  the  surface  of  the  ice,  o 
plunge  into  some  of  its  openings.     Deep  gorges  reveal  multitudea  oi 
fragments  of  rock  frozen  into  the  ice,  and  occasional  bands  of  dirt  an< 
gravel  embraced  in  the  solid  ice.     The  surface  is  everywhere  dirty^  o 
porhaps  muddjr^  fi*om  the  wasting  away  of  the  surface  of  the  glaciei 
He  meets  frequent  openings,  in  which  generally  water  may  be  seen  o 
heard.     Into  these  gorges  the  dehria  slides  down  the  sloping  sides^  in 
creasing  the  insecurity  of  his  footsteps.     Still  farther  south,  the  gen- 
eral surface  is  covered  with  a  pulpy  earth,  mingled  with  stones  and 
bowlders.     The  ice  is  evidently  much  attenuated.     The  areas  of  fi rin, 
uncovered  terra  Jirma  ai^e  wonderiully  increased  in  size  and  frequency. 
The  ice  itself  is  crowded  into  the  valley s^  or,  if  it  be  in  a  broad,  level 
tract,  like  the  State  of  I^Iinnesota,  the  surface  is  covered  with  the 
debris  of  the  conflict  of  ice  with  earth,  the  ice  itself  being  visible  only 
in  those  places  where  crevasses  reveal  it,  or  where  deep  gorges  are 
worn  by  running  streams.     Travelling  still  farther  south,  the  explorer 
would  come  uj*on  large  areas  in  which  lie  would  not  be  able  to  kaow 
whether  the  glacier  underlay  the  superfieial  drift  or  not.     If  he  were 
to  stop  on  one  of  those  wide  areas,  and  make  his  latitude  and  loDgi- 
tude  certain,  by  a  series  of  astronomical  observations,  he  might  find  to 
bis  Burprise,  after  a  few  years'  residence,  that  his  observatory  and  ap- 
paratus had  been  bodily  carried,  by  an  imperceptible  motion,  some  ro<ls 
to  the  south.     If  he  were  to  peiRarate  the  earth  on  which  his  foothold 
aeems  so  steadfast,  he  might  find,  equally  to  bis  surprise,  that  he  was 
still  riding  on  the  surface  of  a  vast  ice-sheet,  the  earth  and  soil  of 
which  may  have  furnished  him  annual  crops  of  potatoes  and  harlef. 
In  other  places  in  the  same  latitude  he  would  lind  the  ice  laid  hare 
over  considerable  areas,  washed  clean  by  the  drainage  incident  to 
dissolution  of  the  glacier.     The  turbid  streams  would  be  vastly 
than  those  which  occupy  the  same  beds  to-day.     They  would  run 
tenfold  more  violence.     The  drift-materials  would  be  freed  frt*m  ibe 
clayey  portions,  and  be  spread  along  their  channels  in  curious  and 
varying  assortment.     In  some  places  the  thickness  of  the  whole 
of  drift  would  be  brought  under  this  washing  and  stratifying  pi 
In  others,  the  ice  gently  dies  out,  and  lets  it  down  on  the  rocky  si 
without  any  change  from  the  condition  in  which  it  lay  on  the  glaci 
If,  at  last,  the  explorer  travels  far  enough  south  to  actually  I 
the  area  of  the  glacier,  what  is  the  condition  of  the  surface  ? 
plainly/  one  of  glacier'drifL     In  some  places  he  will  find  the  vai 
parts,  such  as  gravel-stones,  sand,  clay,  and  bowlders,  confusedly 
gled,  showing  no  assortment  or  stratification.     The  day  which  hi 
suited  from  the  grinding  action  of  the  glacier  on  the  surface  on 
it  lay,  from  dust  blown  over  the  ice  by  violent  winds,  as  in  the 
and  from  the  sediment  washed  on  the  ice  from  the  higher  knobs 
first  became  uncovered,  fills  all  the  iuterstices  so  closely  as  to  mal 
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tie  iQas0  an  impervious  and  uniform  hard-pan.     TliiB  has  generally 

Ihjefl  denominated  "  unmodified  drift."     It  is  that  whieh  escaped  the 

Mwrting  action  of  the  water  issuiug  from  the  glacier.     In  other  jjlacesj 

I  i\m  aninodified  drift  would  be  superficially  assorted,  showing  the  effect 

^  of  running  water  after  its  deposition  or  in  the  aet  of  deposition.    Prob- 

My  very  much  of  that  portion  of  the  drift  that  lay  in  the  course  of 

L  the  broad  Mississippi^  yet  south  of  the  limit  of  the  glacier,  would  be 

L  lUjierficially  worked  over,  losing  mucii  of  ita  clay.     We  actually  see 

I  nst  tracts  on  the  Upper  Mississippi,  and  even  in  the  latitude  of  St. 

Pjiul,  in  which  the  surface  consists,  to  a  considerable  depth,  principally 

of  itratitied  sand  and  graveL     lie  would  also  find  parallel  ridges  of 

I  drift^materials,  consisting  largely  of  the  coarser  portions,  and  showing 

lltnuification  where  water  passed  over  or  through  it  in  being  deposited 

E&me  buch  ridges  would  t^till  retain  the  most  or  ail  of  the  original 

fcjaj*ey  portions.     This  would  be  the  case  where  the  drainage  was  not 

fcoircrfuU     Such  lidges  mark  the  places  at  which  the  retreat  of  the  ice 

Er&s  temporarily  stopped  by  a  period  of  greater  cold,  the  slow  advan- 

hiag  of  the  ice  under  the  propulsive  forces  already  named  serving  to 

Mm  up  a  greater  amoimt  of  detritita  all  along  the  ice-margin.     These 

^^M  are  known  as  moraines^  and  they  occur  in  all  parts  of  the  drift- 

^Kdea.    They  are  developed  on  a  very  grand  scale  in  Northw^estern 

Obio. 

There  is  still  one  important  point  in  this  disetission  that  most  not 
be  otnittcd.  It  is  plain  to  see  that,  in  some  parts  of  the  Northw^est, 
tbe  advance  of  the  continental  glacier  would  be  up  gentle  slopes,  in- 
■Utd  of  descending  an  incline.  These  slopes,  of  course,  present  ob- 
■InclloiiA  to  the  movement  of  the  ice  in  those  direction b«  It  is  tme^ 
■Im^  that  the  continental  glacier  would  tend  to  level  the  country  and 
p^^^  such  northward  slopes.     But,  in  the  later  part  of  the  ice 

H  ''  valleys  w^ould  be  the  last  relinquished^  and  would  be  deeper 

mug  by  isolated  brandies  or  spurs  from  the  main  ice-Blicct,  which  would 
ponfonii  in  their  direction  to  the  contour  of  the  valleys  they  might  oc- 
■Bpy,  All  glaciers,  however,  whether  continental  or  local,  would  avoid 
•Asseient  if  there  were  any  other  passage.  Kow,  when  a  glacier,  pro- 
^•Ued  by  a  force  exerted  for  to  the  north,  meets  with  a  gentle  slope 
B^Pird  I  be  north,  the  water  wliich  issues  from  its  foot  will  be  con- 
■Md  in  m  lake  about  the  foot  of  the  ice,  and  w^tU  rise  to  the  height  of 
■hs  lawest  outlet.  Into  this  lake  may  liow  streams  of  considerable 
Bn,  briogiog  their  sediment  from  the  south,  east,  or  west,  according 
B  the  topography*  Here  we  should  have,  theu,  a  constant  accession 
■f  drift  from  two  sources,  the  chief  of  which  would  be,  of  course,  the 
H»eirr  tturlC  As  this  dnft  is  brought  under  the  influence  of  standing 
Bitrr,  its  fine  parts  are  floated  away  by  currents  and  waves,  to  be 
Kpsid  over  the  bottom  of  the  lake  in  horizontal  laminations,  the  prin- 
HmI  portion,  Aod  notably  the  bowlders,  sinktn^^  at  once  to  the  bottom 
■llittndd*    Hhmm  hj  tlie  continued  slow  withdrawal  of  the  field  of 


296 


TBK  POPTTLAR  SCIBNCE  MONTHLY. 


ic€,  the  result  is  a  layer  of  unassorted  drift  overlaid  by  a  thickness  of 
Imnilsomely-laminated  fioe  clay  and  sand.  This  combination  of  eir- 
cumstaiices  must  have  occurred  south  of  Lakes  Erie  and  Uuron,  pi^ 
ducing  the  Black  Swamp  and  the  Gottouwood  Swiunp  in  Ohio  and 
Michigan,  about  the  south  end  of  Lake  jyichigan,  and  over  an  ext^o- 
sive  flat  south  of  the  Wiuuipeg  basin. 

All  the  phenomena  of  the  drift  in  the  Korthwest  are^  hence,  A^ 
tributable  to  the  approach,  long  duration,  and  slow  disappearance  of 
the  glacier-ice  of  Pro£  L*  Agassiz,  It  certainly  seems  unwarrantable 
to  propose  upward  and  downward  movements  of  the  crust,  involving 
tlie  submergence  of  the  continent,  when  one  simpler  cauee  can  be 
Bhon*ii  sufficient  to  produce  the  known  effects,  Tlie  submergence  of 
the  Kew'England  coast  to  the  depth  of  about  seventy  feet  is  all  tbil 
Prof,  J-  D.  Dana  finds  warranted  by  a  vigorous  inspection  of  the  drift* 
deposits  about  New  Haven,  Counecticut.  Ihc  fourth undrod-fool 
'*  beach,"  near  Montreal,  may  have  the  same  origin  as  the  so-called 
**  beaches  '*  that  rise  several  hundred  feet  higher  in  the  State  of  OhiOb 
The  Charaplain  and  Terrace  Epochs  find  no  application  to  the  drifl  Id 
the  Northwest,  as  those  terms  are  defined  aud  used  in  the  East.  There 
is  abundant  evidence  throughout  the  West  of  a  former  higher  ^U%% 
of  the  rivers.  This  higher  stage  may,  however,  be  explained  by 
ferring  it  to  the  large  increase  of  water  incident  to  the  melting  of 
glacier  only  after  reaching  the  latitude  of  a  warmer  climate.  The 
races  have  not,  moreover,  in  the  Northwest,  generally  that  system 
uniformity  of  height  and  arrangement  necessary  to  w^arrant  their  ref- 
erence to  successive  reductiouR  in  the  volume  of  water,  but  are  usually 
due  to  a  variable  resistance  oflered  by  the  banks  or  rocks  in  w 
they  occur,  arising  from  their  stratification. 

No  well-authenticated  fossil  remains  from  the  hard-pan  drift 
yet  been  met  with.     Statements  lifive  been  published  uf  the  finding 
fossil  remains  in  the  unmodified  drift  in  various  parts  of  the  Northwi 
but  they  are  generally  based  on  the  reports  of  non-scientilic  obsi 
and  must  be  taken  with  great  caution,  unless  verified  by  a  geoJ 
who  has  defi-nite  ideas  of  what  **  modified  "  or  "  unmodified ''  drift 
It  would  not  be  improbable  that,  near  the  southern  margin  of  the 
field,  the  remains  of  vegetation,  and  even  of  animals,  should  b« 
volved  in  the  drift  inidergoing  transportation,  but  their  structures 
too  fragile  to  withstand  the  grinding  incident  to  the  general  pi 
of  the  ice,  and  would  not  bear  transportation  frotn  northern  latitui 
Much  uncertainty  is  also  thrown  cm  the  true  age  of  vegetable  rei 
reported  from  the  drift  in  the  Northwest,  by  the  wide-spread  but  h; 
difitinguiBhable  clays  of  the  Tertiary  and  Cretaceous  formations,  wl 
contain  modem  species  of  wood  and  leaves,  associated  with  an 
fossils. 

Believing,  therefore,  in  the  glacier  origin,  directly,  of  the  Post- 
tiary  deposits  of  the  Northwest^  it  is  impossible  to  concur  in  the  su] 
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dtb&  recently  expres&ed  by  an  eminent  authority  relative  to  tlie  prob- 
Able  bloadiDg  of  those  deposits  with  the  marine  deposits  of  the  Tertiary  : 
"  A  can?fbl  study  of  these  modern  deposits  "  (meaning  the  Quaternary )^ 
**will  undoubtedly  show  consecutive  links  by  which  it  was  united  to 
the  Tertiary  period,  in  the  same  manner  as  the  Cretaceous  and  Tertiary 
tre  connected."  *  It  is  difliciilt  to  conceive  how  the  sedimentary  de- 
poaiti  of  an  epoch  of  submergence,  like  the  Tertiary,  which  abound  in 
marine  fossils,  can  dhow,  however  carefully  studietl,  consecutive  links 

I      ofoonneetion  with  an  epoch   of   debris  transported  and  deposited 

I      tbougli  the  agency  of  vast  continental  glaciers. 

I         8r.  ijrTHosT,  Miiciixsota,  Marck^  1878< 
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'HE  question  of  saving  fuel  for  cooking  purpo&es  is  even  more  im- 
portant than  economy  in  warming;  because  cooking  is  an  opera- 
tioD  required  every  day  in  the  year,  and  the  waste  of  fuel  in  cooking 
is  even  more  considerable  thau  in  wanning. 

An  ordinary  cooking-range  in  houses,  wbich^  for  convenience,  may 
W  (ksignated  middle-class  houses,  is  derived  from  the  time  when  the 
iiffia  fire  was  used  for  cooking  and  for  warming.  It  is  in  tercet  ing  to 
consider  Count  Rumford's  remarks  on  this  question.  He  largely  de- 
'  [^od  the  use  of  steam  for  cooking  in  large  establish  meots,  but,  in 
'  '  i  E'icring  private  kitchens,  he*  showed  that  nine*tentha  of  the  heat 
piodoced  in  cooking  operations  were  wasted,  and  only  one-tenth  utilized 
in  cooking,  by  the  use  of  open  fireplaces.  He  laid  down  the  following 
principles  on  fireplace  construction : 

1«  Eiich  fireplace  should  have  its  grato  on  which  the  fuel  must  be 
pkoedf  and  its  separate  ash-pit,  wljich  must  be  closed  liy  a  door  well 
fitod  In  its  frame  and  furnished  with  a  register  for  regulating  the^««^  1 
fnatilj  of  air  admitted  into  the  fireplace  throu^^h  the  grate.  It 
ifcgnM  also  have  its  separate  canal  for  candying  ofiT  the  smoke  into  the 
fUflUMj,  irhich  canal  should  be  furnished  with  a  damper  or  register, 
Sj  mesits  of  this  damper  and  of  the  ash-pit  door,  the  rapidity  of  com- 
WliaD  Aod  generation  of  heat  is  regulated,  and  on  the  [>roper  use  of 
Iha  tvo  rrgiaters  the  economy  of  fuel  w  ill  much  depend. 

'*.  Id  irtfplAces  for  all  boilers  which  are  too  heavy  to  be  easily 
:   with  the  hand^  an  opening  just  above  the  level  of  the  grate 

C**'>tild  he  made  for  introducing  fuel  to  the  fire,  which  opening  must 
^^I^UfaAsyden,  In  "  Geologj  of  Wjommg.^' 
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be  closed  by  a  close-fitting  stopper  or  door.  In  fireplaces  constroi 
for  small  st^w-pana  this  opening  may  be  omitted,  and  the  fuel  b€ 
introduced  through  the  opening  into  which  the  8tcw-pan  is  fitted,  bj 
removing  the  stew-pan  occasionally  ibr  the  purpose. 

4.  All  portable  stew-pans  should  be  circular,  and  suspended  in  their 
fireplace  from  the  circular  rim.  The  best  form  for  large  fixed  boilen 
18  an  oblong  square,  broad  and  shallow  rather  than  narrow,  and  ddfi|| 
and  it  should  be  of  thin  metal.  ^ 

5.  All  boilers  and  stew-pans  should  be  fitted  with  covers  to  render 
them  well  adapted  for  confining  the  heat.  The  best  arrangement  \a  \q 
make  the  covers  of  thin  sheets  of  tinned  iron,  and  double,  that  is,  witii 
an  air  space  l>etween  the  outer  and  iimer  cover.  ^ 

We  have,  daring  the  last  twenty  years,  introduced,  as  a  rule^  ckH 
ranges.  They  are  certainly  cleaner  and  more  convenient  for  oookingi 
and,  if  great  care  is  exercised  in  the  use  of  the  dampers,  they  will 
found  more  economical  than  open  fires.  But,  as  a  rule,  t-hey  are  bj 
on  the  principle  of  making  one  fire  perform  a  variety  of  openitii 
Independently  of  the  question  of  a  combined  fire,  as  compared 
the  separate  fires  advocated  by  Count  Rumford,  a  consideration  of 
form  of  modem  kitchen-ranges  will  show  that  most  of  the  principlei 
laid  down  by  hira  have  been  entirely  neglected.  The  doors  of  the 
fireplace  and  ash-pit  seldom  fit  close ;  the  boilers  are  rather  deep  and 
narrow  than  broad  and  shallow ;  the  use  of  the  hot-plate  prevents  th« 
stew-pans  from  being  suspended  from  the  rims  for  the  fire  to  pUf 
round  them;  the  use  of  double  covers  for  saucepans  and  boilers  (« 
rather  a  rarity  than  a  usual  arrangement. 

To  reahze  the  question  of  economy  of  fuel,  it  is  necessary  to  000^ 
sider,  in  the  fir^t  place,  what  a  given  quantity  of  fuel  is  capable  of 
doing.     As  regards  hot  water,  if  water  is  kept  at  a  temperature  of 
200*^,  or  from  tliat  to  210^,  the  gases  from  the  fire  can,  after  commuoi' 
eating  the  heat  to  the  boiler,  pass  off  into  the  chimney  at  a  tt m      "" 
ture  of  little  beyond  that  point;  but,  if  the  water  be  allowed  1 
in  the  first  place  a  large  amount  of  latent  heat  is  absorbed  by  tb« 
steam,  which  is  lost  if  the  steam  passes  off  into  the  air  or  the  eldmDeyt 
and,  in  the  second  place,  it  will  be  found  that  the  gases,  after  tbty 
pass  off  from  the  boiler,  will  have  a  temperature  of  as  much  as  300Vj 
400°,  and  even  500°.     Unless,  therefore,  water  is  required  to  be  adfr  I 
ally  boiling  for  use,  if  the  water  is  permitted  to  boil,  a  great  qusniity  \ 
of  heat  is  wanted  up  the  chimney,     For  household  purposes  it  i^ 
necessary  that  the  w*ater  in  the  boiler  should  exceed  200**.     Te:i 
good,  should  be  made  (as  clearly  shown  by  Mr.  Francis  Galtun 
"Art  of  Travel")  with  water  of  a  temperature  of  from  ISC'*  to  *     - 
Very  few  culinary  operations  recpiire  the  water  really  to  boil,  ini  i 
when  boiling  water  is  wanted,  it  is  required  in  a  saucepan  stan<l 
the  fire.     All  operations  of  cleaning,  etc.  {except  washing 
require  water  at  a  very  much  lower  temperature  than  212*',  If, 
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witer  at  a  higher  temperature  is  wanted,  it  can  be  supplied  up  to  about 
280*  without  the  generation  of  steam,  by  heating  it  under  pressure  j  this 
1  caa  be  attained  by  having  a  close  boiler  fed  from  a  cistern  placed  at 
tbt*  top  of  the  house.  For  the  preparation  of  preserves  and  some 
otbep  cooking  operations,  euch  a  system  is  most  convenient. 

One  pound  of  coal  should  raise  from  fifty  to  sixty  gallons  of  water 
ftam  45*  to  212%  and,  when  raised,  very  little  fuel  is  required  to  main- 
tain it,  iu  a  properly-constructed  boiler,  at  that  temperature.     The 
r  total  amount  of  water,  at  such  a  temperature,  used  daily,  in  an  ordi- 
\t%Tj  mid<lle-claa8  house,  does  not  exceed  thirty  or  forty  gallons,  and, 
[therefore,  if  the  boiler  were  made  so  as  to  absorb  as  much  heat  as  pos- 
[lible,  the  hot  water  used  in  an  ordinary  middle-class  house,  with  a 
fcinily  of  ten  or  twelve  persons,  ought  not,  wuth  thorough  economy,  to 
OODSome  more  than  one-sixth  of  a  ton  of  coals  in  the  year.     Count 
Romford  shows  in  his  treat i tie  that  25  lbs.  of  bread  ought  to  be  baked 
with  one  pound  of  coal,  and  that  100  lbs.  of  meat  should  be  cooked 
with  2\  lbs,  of  coal.     If,  therefore,  we  fully  utilized  our  fuel,  it  is  clear 
thit,  in  the  preparation  of  our  food  and  hot  water  for  domestic  pur- 
pOiOA,  \  lb.  of  coal  per  head  of  the  population  ought  to  be  a  sufficient 
isily  allowance,  which  would  be  equivalent  to  oiu^twelfth  of  a  ton  per 
limiim,  and  in  large  households  even  less  than  that  qyautity  ought  to 
lilioe*     I  do  not  suppose  that  we  should  ever  attain  to  this  minimum 
of  oonsuraptioTj,  but  it  is  well  to  consider  what  the  standard  is,  so  that 
^  W«  may  not  rest  satihfied  till  it  has  been  much  more  nearly  approached 
hitherto. 

[>nomy  has,  as  I  before  observed,  latterly  been  sought  io  com- 

i  apparalQB.     TThere  large  numbers  of  persons  have  to  be  cooked 

IP,  and  where,  consequently,  a  carefully-constructed  apparatus  is  al- 

worked  to  its  full  extent,  the  results  which  have  been  obtained 

ow  a  very  moderate  consumption  of  fuel;  bub  the  same  apparatus, 

for  emaller  numbers  of  persons,  gives  results  not  favorable 

The  boilers  iu  use  in  barracks,  when  I  first  took  up  the  question, 

from  16  ozs,  to  20  ozs,  of  coal  per  head  to  supply  water  for 

and  tea,  and  washing  up,  and  to  make  soup  for  diiuier  for 

rmr  sixty  men*     The  boilers  I  introduced  would  peiform  the  same 

wiih  from  3  to  4  o»9,  of  coal  for  each  person  cooked  for,  provided 

number  amtiunted  to  fifty  or  sixty  persons.     The  ovens  for  roast- 

,  which  I  introduced  into  barracks,  would  roast  and  bake  with  I  oz, 

i  for  each  person  cooked  for,  when  cooking  for  the  full  number 

'vUch  the  oven  was  designed,  and  for  stich  numbers  as  200  to 

pcrsoos;  titialler  ovens  would  require  2  ozs.  per  head  w4ien  cook- 

■  te  §0  men.     Of  course,  to  produce  these  effects,  great  care  was 


Benham  introduced  cooking  apparatus  which,  when  cook- 
tlor  Um?  full  Dumber  of  300  soldiers,  would  perform  the  total  daUy 
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cooking  and  supply  of  bot  water  in  barracks,  with  from  two  to  three 
ounces  of  coal  per  person  cooked  for. 

Captain  Warreu  coustructed  an  apparatus  to  boil,  bake^  steam, 
roast,  and  fry,  and  provide  hot  water,  which,  when  cooking  for  about 
100  men  J  required  somewhere  about  2f  ozs,  for  eaoh  person  cooked  for, 
but,  wlien  cooking  for  forty  men,  required  6  oz.  per  head,  and  whtn 
cooking  for  sixteen  men  the  average  of  several  days  amounted  to  9  am 
or  10  ozs.  per  man  cooked  for,  but  on  one  or  two  of  these  days  the  cgn- 
sumption  did  not  exceed  5  o«s.  for  each  person  cooked  for. 

These  apparatus  supplied  to  the  men  all  the  cooking  and  hot  wat( 
necessary.    The  results  show  what  degree  of  economy  has  been  reache^ 
in  ordinary  practice  with  soldiers,  who  are  not  proverbial  for  care,  i 
what,  therefore,  should  be  the  standard  of  economy  to  which  we  hare^ 
a  right  to  expect  to  attain.     Ko  doubt,  private  houses  contaiuing  aii- 
Lteen  persons  might  require,  more  hot  water  or  more  cooking,  but  ao 
"ooi-ding  to  these  facts,  as  to  ascertained  consumption  of  fuel,  the  < 
penditure  of  fuel  in  the  kitchen  for  a  family  consisting  of  sixt 
persons  might  easily  be  reduced  to  l^  or  2  tons  per  year,  and  in  I 
these  apparatus  further  elements  of  economy  remain  to  be  developed.^ 

The  conclusions,  however,  to  which  I  have  been  led  in  my  coo 
eration  of  this  question,  are,  that  with  these  apparatus,  and,  inde 
with  all  kitchen-ranges  in  use,  the  waste  of  heat  lies  in  ibe  numb 
of  functions  the  fire  has  to  perform.  It  must  warm  water,  it  must  he^ 
the  oven,  it  must  stew,  and  grill,  or  toast,  and  sometimes  roast  at  ih 
open  Jire,  and  each  of  these  processes  requires  a  «ilifferent  conflition  ( 
heat.  Hot  water  requires  a  temperature  of  200®  to  210'',  a  roastii 
oven  of  about  450%  a  baking*oven  probably  350°;  grilling  is 
formed  on  a  clear  Hame,  the  temperature  of  which  is  probably  1,300^ 
Now,  when  the  fire  is  in  an  efficient  condition  to  perform  one  of  tbei 
functions,  it  is  also  in  an  efficient  condition  to  perform  the  others,  a» 
altliough,  by  means  of  dampers,  it  may  be  somewhat  checked  in! 
performance  of  its  fnll  functions  in  certain  directions,  there  is 
doubt  that  an  enormons  amount  of  heat  is  wasted  through  the  ag 
of  those  parts  which  are  not  wanted  to  be  in  operation-  When 
oven  is  not  wanted,  it  is  affording  a  means  for  the  heat  to  escape  l 
idly,  especially  if  ventilated  as  a  roasting-oven.  The  boiler  is  sapp 
with  heat  beyond  its  requirements,  and  generally  abstracts  a 
quantity  of  spare  lieat,  which  passes  off  in  the  shape  of  steam.  1 1 
pumc  thtit  the  cook  closes  the  damj)ers  in  order,  as  far  as  possible,! 
limit  the  action  of  the  fire  wlien  cooking  is  not  going  on,  but  in  pn 
tice  tliis  is  difficult  to  insure.  With  these  combined  apparatus,  tb 
fuel  consumed  vnW  be  in  proporlion  to  the  various  operations  wh 
the  lire  is  arranged  to  perform,  and  not  in  proportion  to  the  Umin 
work  required  when  only  one  or  other  of  the  operations  is  wanti 
When,  for  instance,  the  fire  is  only  wanted  to  heat  water,  a 
waste  of  heat  will  be  going  on,  from  the  beat  passing  off  from 
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(t-plate,  and  front  of  the  fire.     For  this  reason,  the  comljined 
tua  can  never  be  so  economical  in  fuel  as  separate  apparatus ; 
',  however,  apparatus  of  this  class,  if  not  very  carefully  worked, 
fuel,  they,  to  some  extent,  save  trouble  to  the  cook. 

already  mentioned  several  points  of  detail  where  fuel  could 
^ftaved  in  our  kitchen-ranges,  viz.,  by  great  attention  to  the  close 
ng  of  the  ash-pit  and  fire-grate  doors,  the  use  of  double  covers  to 
cepans  and  boilers,  the  use  of  sand  on  the  hot-plate  to  prevent  the 
Ipe  of  so  much  heat  from  that  part ;  and,  beyond  these,  an  impor* 
\  point  in  securing  economy  is  the  separation  of  those  culinary  pro* 
IM  which  require  different  gradations  of  heat.  The  three  main 
Is  of  the  ordinary  cooking  apparatus  are  the  oven  for  baking  and 
Iting,  and  the  boiler,  and  the  hot-plate.  If  the  boiler  is  to  be  of 
^orm  most  efiectnal  in  saving  fuel,  the  fiame  and  gases  from  the 
should  play  under  and  round  every  part  of  it;  the  water  should 
U?pt  at  something  under  212'^,  so  that  the  gases,  after  leaving  the 
er^  may  not  enter  the  flue  much  above  that  temperature,  and,  inas- 
sh  as  that  is  a  higher  temperature  than  is  necessary  few  the  purpose 
Iroduciug  a  sufficient  draught  in  an  ordinary  chimney,  the  heat  in 
le  gases  should  be  still  further  utilized.  In  the  first  plaecj  they 
Hid  be  used  to  warm  the  water  which  will  be  required  to  replace 
II  is  drawn  off  from  the  boiler ;  and,  in  the  second  place,  an  econo- 
can  be  obtained  by  employing  the  gases,  which  pass  off  into  the 
toney  at  a  temperature  above  what  is  required  for  creating  an  effi- 
\%  draught,  to  warm  the  air  supplied  to  tlie  fire  for  purposes  of  com* 
tion.    The  experiments  which  I  have  made  on  the  supply  of  warmed 

10  feed  the  fire  have,  unfortunately,  not  been  worked  out  sufficiently 
Snahle  me  to  give  them  in  a  clear  form  with  exact  results ;  but  an 
Bomy  of  from  six  to  nine  per  cent  might  be  obtained  from  this 
rce. 

Tlicn,  as  regards  the  oven.  The  baker's  oven,  of  fire-brick,  in  which 
fin?  is  made  inside  the  oven,  and  the  whole  heat  retained  in  and 
teted  back  from  the  sides  and  top  and  bottom,  is  a  very  economical 
rtunent  when  in  continual  use.  With  iron  ovens,  attached  to  a 
ben  range,  the  case  is  different.  An  oven  which  roasts  requires  a 
MTEtore  of  from  400**  to  450®  at  least  Therefore,  to  maintain  this 
lemtnre,  the  gases  must  paas  off  into  the  flue  at  a  temperature, 
I  higher ;  when  the  oven  is  a  roaster,  a  considerable  volume  of  air 
}iskg  ttonttnually  passed  through  it  to  carry  off  the  steam  from  the 
L    This  air,  if  admitted  cold,  as  is  the  case  with  many  ranges,  acts 

11  to  cool  down  the  interior,  and  therefore  additional  fuel  has  to 
loDaamed  to  counteract  this  cooling-down  process.  Now,  however 
I  mmj  be  the  conducting  power  of  the  material  used  for  ovens  or 
tni,  a  coating  of  soot  diminishes  the  conducting  power  very  rap- 
I  and  consequently  the  temperature  of  the  flue  conveying  heat  to 
eren  will  always  exceed  that  of  the  inside  of  the  oven*    It  is,  thero* 
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fore,  of  great  importance  to  remove  any  causes  which  tend  to  loir  ^r 
the  in&ide  temperature.  Hence  it  is  desirable  to  utilize  some  of  t"fce 
heat  which  passes  oft',  at  ahore  450°,  into  the  flue,  for  the  purpose  ^of 
raising  the  temperature  of  the  air  to  be  admitted  into  the  oven*  A^^i  ^ 
general  rule,  however,  and  except  in  some  apparatus,  under  pres^^^nt 
arrangements  all  this  heat  is  wasted,  and  it  certainly  cannot  be  utili^^ed 
properly  so  long  as  one  fire  is  retained  to  perform  so  many  separ^^t^ 
operations. 

The  hot-plate  is  the  third  important  part  of  the  modem  close  co^k- 
ing-nmge.    Count  Rwmford  proposed  that  the  top  of  a  hot-plate  shotj/^/ 
be  covered  with  sand,  and  the  sand  cleared  away  only  under  the  satj<»^ 
pans.     In  its  present  shape,  the  hot-plate  wastes  an  enormous  amotmj 
of  heat.     It  is  wasteful,  because  it  radiates  the  heat  largely  ;  beeaaM? 
the  application  of  heat  to  the  saucepans  is  only  through  the  bottom  of 
the  saucepan,  and  the  bottom  of  the  saucepan  is  not  always  in  imme- 
diate contact  with  the  flame,  but  is  frequently  allowed  to  receive  the 
heat  through  the  medium  of  the  cast-iron  hot-plate,  which  is  a  very 
moderate  conductor  of  heat.     Just  consider  what  the  difference  of 
effect  is.     The  heat  of  the  flame,  if  directly  acting  on  the  bottom  of 
the  saucepan,  would  be  1,200"^  Fahr*,  but,  unless  the  hotrplate  is  red* 
hot,  probably  not  above  450*"  vvill  pass  through,  but  the  heat  in  the  flue 
which  heats  the  hot*plate  will  be  at  lj200^,  and  the  spare  heat  fromtli« 
flame  will  be   wasted  up  the  chimney.     The  hot-plate  should  be  <\\h 
pensed  with,  if  economy  is  to  be  made  paramount,  and  charcoal  burn- 
ers substituted  for  it.     Where  gas  is  available,  the  hot-plate  can  be 
dispensed  with  without  extra  trouble  to  the  cook.     The  gas-burners 
should  be  properly  protected  in  sunken  holes,  with  side  of  fire-cUy* 
and  the  saucepans  should  be  dropped  into  the  holes,  so  tlmt  the  full 
cfft'ct  of  the  heal  shall  be  concentrated  on  them  and  round  their  sides, 
and  the  gas  should  be  only  kept  lighted  so  long  as  the  operation  to  be  ^ 
performed  is  going  on.     It  may  be  assumed  that  one  pound  of  coal  is 
equivalent  to  from  28  to  30  cubic  feet  of  gas ;  hence,  as  permanent  fuel, 
gas  would  not  be  economical;  but  the  simplicity  of  its  appHcatioD 
makes  it  a  very  convenient  fuel  in  cooking,  and  economy  is  ohtainrf 
from  its  use,  because  the  full  eftect  of  the  combustion  can  be  utiliit'4 
as  soon  as  the  gas  is  lighted,  the  flame  can  be  regulated  to  any  required 
extent,  and  the  gas  be  extinguished  as  soon  as  the  required  operatioa 
is  performed. 

I  have  endeavored  to  enumerate,  briefly,  the  economical  conrlitiyo* 
which  should  regnlate  the  consumption  of  fuel  for  domestic  purpo»et» 
By  economy  it  is  meant  that,  while  all  necessary  operations  of  warm* 
Ing  and  cooking  continue  to  be  performed,  the  fuel  employed  sboaM 
be  utilized  to  the  utmost.  In  the  kitchen,  the  daily  consumptioa  of 
fuel,  in  small  establishments,  should  not  exceed  half  a  pound  of  co«l 
for  each  person  cooked  for,  and  in  large  establishments  the  proportiao 
should  be  smaller.     In  the  consumption  of  fuel  for  wanning,  m  m»ny 
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nditiotiB  liave  to  be  considered  that  no  standard  can  be  laid  down 
eyoQd  the  broad  fact  already  stated- — ^that  one-sixth  of  the  coal  we 
rnnonly  now  use  would  suffice  Ibr  all  our  requirementa  if  it  were  prop- 
dy  utilized,  I  do  not,  however,  anticipate  that  much  progress  will 
I  made  in  economy,  unless  the  price  of  coala  should  remain  at  a  figure 
bich  will  induce  the  houBcholder  to  make  himself  thoroughly  ac- 
quainted with  the  principles  on  which  the  apparatua  for  warming  and 
booking  should  be  constructed  and  worked ;  for  there  19  no  apparatus 
irtiich  can  be  invented  which  will  not  depend,  to  a  considerable  ex- 
at,  on  the  manner  in  which  it  is  attended  to. 

The  principal  conditions  which  I  Lave  enumerated  have  long  been 

own.     There  is  an  old  saying  in  South  Staffordshire,  that  "  he  who 

longest  must  carry  coal  farthest,"  and,  acting  oji  this,  we  have, 

'  ftiler  year,  simply  wasted  millions  of  tons  of  coal  in  our  domestic 

because  the   coal  was  provided  at  a  small  cost,  and   we 

bad  no  thought  for  posterity. 

George  Stephenson  once  said,  very  happily,  that  coal  represented 

cumulated  rays  of  fehe  stm  In  id  up  in  store  in  by-gone  days, 

1  this  store  is  gone,  the  world  will  have  lost  the  most  convenient 

economical  means  of  generating  heat.     It  is,  therefore,  a  duty, 

ch  every  man  owes  to   posterity,  to   do  his  utmost  to  husband 

\  great  store. 

I  have  endeavored  to  do  my  part  by  explaining  the  conditions 

fcicb  should  govern  the  arrangements  devised  for  regulating  the  con- 

uption  of  fuel  for  domestic  purposes.     It  remains  for  the  public  to 

on  having  these  principles  applied  to  the  various  apparatus 

I  they  adopt. — Journal  of  the  Soeiet}/  of  Arts, 
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)ROCEEl>INCr,  now,  to  show  that  the  tendency  of  modern  Phys- 
iolngy  is  to  prove  the  existence  of  a  distinct  causal  relation  be- 
t  Physical  changes  in  the  Nervous  System  and  definite  modes  of 
I  action,  it  may  be  well  for  me  to  adduce,  in  limine^  tlit?  positive 
•ncc  that  all  Mental  activity  is  dependent  on  a  Chemical  reaction 
I  the  Blood  and  the  Brain  *  for,  although  this  is  one  of  the  best- 
bed  factJ  in  Physiology,  it  is,  I  believe,  taken  very  little  ae- 
;  of  by  Metaphysicians. — ^The  Brain  is  supplied  with  Blood  by 
'  Arterial  trunks,  which  enter  the  cranial  cavity  at  no  great  dis* 
f  f mm  one  another,  and  then  unite  into  the  "Circle  of  Willis;** 
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from  which  are  given  off  the  various  branches  that  distribute 
blood  to  every  part  of  the  braia-substauce.  After  traversing  tbw,1 
blood  returns  by  the  Veins,  greatly  altered  in  Its  ebemical  comp 
tion ;  especially  as  regards  the  loss  of  free  oxygen,  and  ita 
ment  by  various  oxy-eorapounds  of  carbon,  hydrogen,  phosphorttB^f 
that  have  been  formed  by  a  process  analogous  to  combustion. 
if  one,  two,  or  three  of  the  Arterial  trunks  be  tied,  the  total  supply 
blood  to  the  Brain  is  diminished  ;  but,  in  virtue  of  the  "  Circle  of  ^ 
lis,"  no  part  is  entirely  deprived  of  blood  ;  and  the  functional  acti?itj 
of  the  Brain  is  still  maintained.  If,  however,  the^our^A  artery  is  K 
pressed  so  as  to  prevent  the  passage  of  blood,  there  is  an  w 
and  complete  suspension  of  activity ;  the  animal  becoming  as 
scions  as  if  it  had  been  stunned  by  a  severe  blow,  but  recover 
soon  as  the  blood  is  again  allowed  to  flow  through  the  artery* 
fact,  the  "stunned'*  stale  proilueed  by  a  blow  on  the  head  is^ 
directly  dependent  upon  the  effect  of  that  blow  on  the  Brain, ' 
may  have  sustained  no  perceptible  injury  whatever ;  the  state  of  ia- 
sensibility  being  due  to  the  paralysis  of  the  Heart  and  suspensiod 
the  Circulation,  induced  by  the  *' shock  :  '*  and  the  like  paralysiii  i 
the  same  result  may  be  produced  by  a  blow  on  the  Epigastrium  I 
ing  on  the  great  **  solar  plexus"  of  nerves),  or  some  overpowe 
Mental  emotion. — ^Again,  there  is  a  curious  affection  termed  Hystl 
Coma,  which  consists  in  the  sudden  supervention  of  complete 
sibility,  and  the  equally  sudden  and  complete  return  of  consoious  L, 
telligence,  m'ithont  any  other  indication  of  Brain-disorder,  The  W 
sensibility  may  come  on  while  the  patient  is  talking,  so  as  to  inter 
the  utterance  of  a  sentence;  and,  the  moment  that  it  passes  off^l 
series  of  words  is  taken  up  and  completed,  without  the  patient 
aware  that  it  has  been  interrupted.  With  onr  present  improT 
knowledge  of  the  action  of  the  "  vaso-motor "  system  of  Kenres  IQ 
producing  local  contractions  of  the  Arteries,  and  of  its  liability  to  bl 
influenced  by  those  Emotional  irregularities  in  which  Hysteria  cfseti' 
tially  consists,  we  can  scarcely  donbt  that  this  affection  is  due  lo  § 
temporary  disturbance  of  the  Circnlation  through  that  agc-ncy. — ^Fu^ 
ther,  if  the  Blood  transmitted  to  the  Brain,  though  not  deflcieat  h 
quantity,  be  depraved  in  quality  by  the  want  of  Oxygen  and  the  id^ 
cumulation  of  Carbonic  acid  (as  happens  in  Asphyxia),  thei-o  is  a  \ 
nally  increasing  torpor  of  the  Mental  Faculties,  ending  in  comp 
insensibility. 

Thus  the  dependence  of  Mental  activity  of  even  the  most  eleii 
ary  kind,  upon  the  Physical  changes  kept  up  by  the  cireulanon  ^ 
oxygenated  Blood  througli  the  Brain,  can  be  shown  experientiaU| 
be  just  as  direct  and  immediate  as  is  the  dependence  of  the  Elc 
activity  of  a  Galvanic  battery  upon  the  analogous  changes  1atiD| 
place  between  its  Metals  and  its  exciting  Liquid.^ — If  we  say 
Electricity  is  the  product  of  Chemical  change  in  the  one  case,  1 
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\  \qw  we  can  refuse  to  regard  Tb  aught  as  tbe  product  of  Chemical 

Inge  in  the  other;  nor  (in  the  view  that  all  the  Forces  of  Nature 

ittmplv  expressions  of  Mind)  do  I  see  that  we  need  entertain  any 

ittgnance  to  such  a  riew.     I  do  not  say  that  it  expiaiiu  any  Mental 

inomenon*     Ko  sound  Physicist  wouM  say  that  he  can  **  explain  *' 

r  it  is  that  Electricity  is  generated  by  Chemical  change ;  but  he 

ows  that  such  a  relation  of  cauao  and  effect  exists  between  the  two 

Jers  of  phenomcDa,  that  every  Che tnieal  change  is  accompanied  by 

Electric  disturbance ;  so  that,  whenever  he  witnesses  Electric  dis- 

pbance,  he  looks  with  assurance  for  some  Chemical  change  as  its 

ijsical  Cause.     And  in  precisely  the  same  sense,  and  in  no  other,  I 

that  the  Physiologist  must  regard  some  change  in  the  Nervous 

M^pee  of  the  Brain  as  the  immediate  Physical  canse  of  all  auio- 

^^Bfeotal  action.     If  this  be  admitted  of  Sensational  cooscions- 

Bb  (and  how  can  it  be  denied  ?),  we  can  scarcely  help  admitting  it 

■faJMional ;  and,  if  of  Emotional,  why  not  of  Ideational  ? 

^^^Bre  is  DO  part  of  our  purely  Physical  activity,  the  relation  of 

ch  to  Physical  conditions  is  more  obvious  and  more  intimate,  than 

Reproduction  of  past  states  of  Conscioitsness^  which— when  sup- 

iented  by  the  recognition  of  them  as  having  been  formerly  ex- 

sfioed — we  call  Metnory,     It  is  now  very  generally  accepted  by 

Bologiste  as  (to  say  the  least)  a  prohahh  doctiine,  that  any  Idea 

eh  has  once  passed  throng h  the  Mind,  may  be  thus  reproduced,  at 

r«?er  long  an  interval,  through  the  instrumentality  of  Sugget?tive 

urn ;  the  recurrence  of  any  other  state  of  Consciousness  with  which 

Idea  was  originally  linked  by  Association^  being  adequate  to 

ikea  a  also  from  its  dormant  or  latent  condition,  and  to  bring  it 

lun  the  **  sphere  of  consciousness/*     And  as  our  Ideas  are  thus 

in   '*  traina  "  or  "  series,"  which  further  inosculate  with  each 

like  the  branch-lines  of  a  railway  or  the  ramifications  of  an 

rrj,  aO|  it  is  considered,  an  Idea  which  has  been  '^hidden  in  the 


r^ceai^s  of  the  mind'*  for  years — perhaps  for  a  lifetime — and 
eeiiia  to  have  completely  faded  out  of  the  eonscioim  Memory 
lifing  never  either  recurred  Automatically,  or  been  found  capable  of 
Volitional  Recollection,  or  been  recognized  as  a  past  expe- 
again  brought  before  the  mind),  may  be  reproduced,  as 
tooGhiDg  of  a  spring,  through  a  nexus  of  Suggestions,  which 
t&o  sometimes  trace  out  continuously,  but  of  which  it  does  not 
DeoMflary  that  all  the  intermediate  steps  should  fall  within  our 
Snch  a  **  reproduction "  not  unfrequently  occurs  when 
rerialting  certain  scenes  of  their  childhood,  have  found  the 
mj  of  the  Sensorial  impressions  of  places  bring  vividly  back  to 
laindt  the  remembrance  of  events  which  had  occurred  in  connec- 
with  them  ;  and  which  had  not  only  been  long  forgotten  by  theni" 
bat,  if  narrated  to  them  by  others,  would  not  have  been  recog* 
by  Ihem  as  baring  ever  formed  part  of  their  own  experience, 
VOL  iix^lO 
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Audit  18  DOt  a  little  signifieant  that  the  basis  of  sueb  Memories  ^.j 
pears  capable  of  being  laid  at  a  very  early  period  of  life ;  as  in  the  t"^^ 
following  cases,  of  which  tlie  first  Is  recorded  by  Dr.  Abercroml>j| 
while  the  second  was  mentioned  to  me  by  the  subject  of  it :  ^| 

*^  A  lady,  in  the  last  stage  of  chronic  disease,  wag  carried  from  Loiid<m  to  I 
lodg:ing  in  the  country.     There  her  infant  daughter  wae  taken  to  visit  ber,  and^ 
after  &  short  inter  vie  \i^',  earned  back  to  town«     The  lady  died  a  few  days  aileTf 
and  the  daughter  grew  up  without  any  recollection  of  her  mother,  till  she 
of  mature  age.    At  this  time  she  happened  to  be  taken  into  the  room  In 
her  mother  died,  without  knowing  it  to  hare  been  so.     She  started  on  «nt 
it,  and,  when  a  friend  who  was  with  her  asked  the  canse  of  her  sgitatioo,  I 
plied,  *  I  have  a  distinct  impression  of  having  been  in  this  room  before,  and  ihit" 
a  lady  who  lay  in  that  comer,  and  seemed  very  ill,  leaned  over  me  and  wept'  '^— 
(Ingttiries  coneeming  the  InUlleetnal  Powen^  filth  edition,  p.  120.) 

"  Several  years  ago,  the  Rev.  S,  Haosard,  now  Rector  of  Bethnal  Green,  y||— 
doing  clerical  dtity  for  a  time  at  Hurst m on ceauz,  In  Sussex ;  and^  while  thev^f 
he  one  day  went  over  with  a  party  of  friends  to  Pevensey  Castle,  which  ht  dl^ 
not  remember  to  have  ever  previously  visited.    As  be  approached  the  gate-wiy, 
he  became  conscious  of  a  very  vivid  Impression  of  having  seen  it  before ;  and  be 
'  seemed  to  himself  to  see,^  not  only  the  gate-way  itself,  but  donkeys  beoeith 
the  arch,  and  people  on  the  top  of  it»     His  conviction  that  he  must  have  visit^ 
the  Oastle  on  some  former  occasion,  although  he  had  neither  the  slightest  x«- 
membrauce  of  such  a  visit,  nor  any  knowledge  of  having  ever  been  in  the  neigh- 
borhood previously  to  his  residence  at  Huretmonceaui,  made  him  inquire  from 
his  mother  if  she  could  throw  any  light  on  Uie  matter.    She  at  once  inforni«d 
him  that  being  in  that  part  of  the  country  when  he  was  about  eighteen 
old^  she  had  gone  over  with  a  large  party,  and  had  taken  biiu  in  the  pannier  I 
a  donkey  ;  that  the  elders  of  the  party,  having  brought  lunch  with  tJieiii, ) 
eaten  it  on  the  roof  of  the  gate-way,  where  they  would  have  been  seen  from  I 
[  low,  whOe  he  had  been  left  on  the  ground  with  the  attendanta  and  donkeya 
This  case  is  remarkable  for  the  vividness  of  the  Senaoria)  impreadon  (it  maf  1 
worth  mentioning  that  Mr.  Hansard  has  a  decidedly  artistic  temperament), 
for  the  reproduction  of  details  which  were  not  likely  to  have  been  broDgbt  I 
in  oonversation,  even  if  the  subject  of  them  had  happened  to  hear  the  visit  i 
Honed  as  an  event  of  bis  childhood ;  and  of  such  mention  he  has  no 
braaoe  whatever,** 

Now,  there  is  very  strong  reason  to  believe  that  what  is  describ 
as  a  Btoriug-up  of  Ideas  in  the  Memory  is  the  Psychological  eipf^ 
Bion  of  Physical  changes  in  the  Cerebrum,  by  which  Ideational  sti 
are  permanently  registered  or  recorded  ;  so  that  the  "  traces  '*  left 
them,  although  remaining  so  long  outside  the  *'  sphere  of  conscio 
ness  "  as  to  have  seamed  non-existent,  may  be  revived  again  in  1 
vividness  under  certain  special  conditions — just  aa  the  invisible  ; 
pression  left  upon  the  sensitive  paper  of  t!ie  Photographer  is  "  def 
oped  "  into  a  picture  by  the  application  of  particular  chemical 
stances.     It  must  be  freely  admitted   that  we   have   at  preaenl 
certain  knowledge  of  the  precise  mode  in  which  this  record  is  < 
but,  looking  at  the  manner  in  which  the  Sensori-motor  apparatus,  wh 
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»*tbe  instrument  of  oar  bodUy  activity,  shapes  itself  to  the  mode  in 
Bkicb  it  ia  habitually  exercised,  we  seem  jiistined  m  assnmiiig  that 
Wt  same  thing  is  true  of  the  Cerebrum,  which  is  the  instrument  of 
■r  mental  activity.  For  in  no  other  way  does  it  seem  possible  to 
konnt  for  the  fact  of  very  freqnent  occurrence,  and  noticed  in  a  pre- 
■Hu  paper,  that  the  presence  of  a  Fever-poison  in  the  blood — pervert- 
l|  the  normal  activity  of  the  Cerebrnm  so  as  to  produce  Delirium — 
Irings  within  the  "  sphere  of  consciousness  "  the  **  traces  "  of  expe- 
^oei  long  since  past,  of  which,  in  the  ordinary  condition,  there  was 
■  remembrance  whatever. 

I  The  same  occurrence  has  been  noticed  as  a  consequence  of  acciden- 
P  blows  on  the  head ;  though  these  more  commonly  occasion  the 
fen  than  the  recovery  of  a  language*  The  following  case  of  this  kind 
iiaientianed  by  Dr.  Abercrombie,  as  having  occurred  in  St,  Thomas's 
Hospital : 

'  **  A  man  who  ha<i  been  in  a  state  of  stupor  consequent  upon  an  injury  of 
Ibeail,  on  his  partiul  recovery  spoke  a  lan^iage  which  nobody  in  the  hoapital 
itood,  but  which  was  aoon  aaoert-nin^d  to  be  Welsh*     It  was  then  discov- 
hd  had  been  thirty  years  absent  from  Wales,  and  that,  before  the 
,  he  had  entirely  forgotten  bis  natiTe  language.     On  bis  perfect  recov- 
npUUip  forgot  his  WeUh  again^  and  recovered  the  English  language." 

\  teems  perfectly  clear,  then,  that,  under  what  we  cannot  but  term 

dy  Material  conditions,  strictly  Mental  phenomena  present  them- 

?eft.    It  is  common  to  the  whole  series  of  cases,  that  the  Automatic 

'of  the  "Mechanism  of  Thoaght"  does  that  which  Yolition  is  tin- 

I  effect.     Whether  it  be  the  toxic  condition  of  the  Blood,  or  the 

(  excitement  of  the  Cerebral  Circulation  generally,  or  the  special 

otion  of  Blood  to  a  particular  part  of  the  Brain,  it  is  beyond  omr 

tot  power  to  tell ;  but,  as  all  Brain-change  is  (like  the  action  of 

r  other  mechanism)  the  manifestation  of  Force,  the  production  of 

I  mrntuai  Mental  phenomena,  by  tbe  inBtrumentality  of  an  unusual 

between  the  Blood  and  the  Brain-substanoe,  is  no  more  diffi- 

oomprehension  than  that  of  ordinan/  forms  of  Psychical  ao- 

f,  which  we  have  seen  reason  to  regard  as  the  results  of  the 

slition  (§0  to  speak)  of  one  form  of  Force  into  another, 

mtimacy  of  the  relation  between  the  Psychical  pbenomena 
and  Physical  conditions  of  the  Brain  is  further  shown,  by 
.  of  Fatigue  and  the  impaired  Nutrition  of  Old  Age  in  teeak' 
r  Memory,  and  of  disease  and  Injury  of  the  Brain  in  impair^ 
^deHroyin^  it     Every  one  is  conscious  of  the  difference  in  the 
tjr  of  the  reproductive  faculty  in  which  Memory  consists,  accord- 
in  mind  is  "  fresh,''  or  his  head  feels  "  tired.*'     The  latter  state, 
.  the  Automatic  activity  and  the  directing  power  of  the  Will 
rteduced,  is  clearly  dependent^  like  the  feeling  of  muscular 
]  on  the  detcriomtioD  of  the  Organ,  or  of  the  Blood,  or  of  both 
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combined,  wbich  reauUs  from  tbe  prolonged  exercise  of  it :  and ! 
especially  ie  our  inability  to  recolkct  something  which  we  wish  to  < 
to  mind,  that  this  failure  of  power  shows  itself.     An  interval  of  repai 
completely  restorea  the  power,  obviously  (to  the  mind  of  the  PhysioJc 
gist)  by  the  renovation  of  the  worn-out  Brain-tis&ue,  and  by  tbe  yimi 
tication  of  the  Blood  that  has  become  charged  with  tbe  products  of 
its  *' waste/* — Tlie  impairment  of  the  Memory  in  Old  Age  commonly 
BhowB  itself  in  regard  to  fiew  impressions ;  those  of  the  earlier  periij 
of  life  not  only  remaining  in  full  distinctness^  but  e^^n,  it  would  5© 
increcLsijig  in  vividneaSj  from  the  fact  that  the  Ego  is  not  distrac 
from  attending  to  them  by  the  continual  inflax  of  impresaionR  pro- 
duced by  passing  events.    The  extraordinary  persistence  of  early  im- 
pressions,  when  the  Mind  seenaB  almost  to  have  ceased  to  register  new 
ones,  is  in  remarkable  accordance  with  the  Law  of  Nutrition  refernd 
to  in  a  previous  paper.     It  is  when  tbe  Brain  is  growing^  that  tk 
direction  of  its  structure  can  be  most  strongly  and  persistently  giveo 
to  it.     Thus  the  Habits  of  Thought  come  to  be  formed,  and  those 
Nerve-tracks  laid  down  which  (as  the  Physiologist  believes)  constiinle 
the  Mechanism  of  Association,  by  the  time  that  the  Brain  lias  reucW 
its  maturity  ;  and  the  Nutrition  of  the  organ  continues  to  keep  up  tli« 
same  mechanism,  in  accordance  with  tbe  demands  upon  its  activUfi 
so  long  as  it  is  being  called  into  use.     Further^  during  the  entire  pe- 
riod of  vigorous  Manhoodj  the  BraiOj  like  the  Muscles,  may  be  taking 
on  some  additional  growth,  either  as  a  whole,  or  in  special  parts;  »e^ 
tissue  being  developed  and  kept  up  by  tbe  nutritive  process,  in  accord- 
ance with  I  he  modes  of  action  to  which  the  Organ  is  trained.     And  in 
this  manner  a  store  of  ** impressions "   or  "traces"  is  accumulated, 
which  may  be  brought  within  the  "  sphere  of  consciousness "  when* 
ever  the  right  suggesting-strings  are  touched.     But,  as  the  Nutritive 
activity  diminisheH,  the  "waste**  becomes  more  rapid  than  the  renp* 
vation  \  and  it  would  seem  that,  while  (to  use  a  Commercial  analo|;]r)  1 
the   "old-established  houses*'  keep  their  ground,  those   later  finni^| 
whose  basis  is  less  secure,  are  the  first  to  crumble  away — the  NuUi^ 
tive  activity,  wbich  yet  suffices  to  maintain  the  original  structure,  I 
being  capable  of  keeping  tbe  subsequent  additions  to  it  in  worl 
order.     This  earlier  degenei-ation  of  /^fei^formed  structures  is  a  | 
eral  fact  perfectly  familiar  to  the  Physiologist. 

The  effects  of  Disease  and  Injury  on  the  Memory  are  so  marrell 
and  diverse,  that  only  a  very  general  indication  of  them  can  be  1 
given.     Cases  are  very  common,  in  which  the  form  of  impairment  j 
spoken  of  as  characteristic  of  Old  Age  shows  itself  to  a  yet 
extent  j  the  Brain  being  so  disordered  by  attacks  of  Apoplexy  i 
lepsy  (for  example),  that  it  seems  altogether  incapable  of 
any  new  impressions^  so  that  the  patient  does  not  remember  any  1 
that  passes  from  day  to  day ;  while  the  impressions  of  event*  wB 
happened  long  before  the  commeoccment  of  his  malady  recur 
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pttiiter  vividness  than  even  The  Memory  of  particular  classes  of 
Tdmi  is  fireqaently  destroyed ;  that,  for  example,  of  a  certain  Lan- 
guage, or  of  some  other  brunch  of  Knowledge,  or  of  the  patient's  do- 
iii€«tie  or  social  relations.  Thus  a  case  was  recorded  by  Dr.  Beattie, 
of  a  gentleman,  who,  after  a  blow  on  the  head,  found  that  he  had  lost 
bis  knowledge  of  Greek,  bat  did  not  appear  to  have  Buffered  in  any 
other  way,  A  similar  case  has  been  recently  communicated  to  me, 
in  which  a  lad,  who  lay  for  three  days  insensible,  in  conseqnence  of  a 
fi^vpre  blow  on  the  head,  found  himself^  on  recovering,  to  have  lost  all 
the  Masic  he  had  leamedj  though  notliing  else  had  been  thus  **  knocked 
mi^  of  him.  Again,  Dr.  Ahercrombie  relates  a  curions  case,  on  the 
authority  of  an  eminent  medical  friend,  in  which  a  surgeon  who  suf- 
fered an  injury  of  his  head  by  a  fall  from  his  horse,  on  recovering  from 
\m  iDsensibility  gave  minute  directions  in  regard  to  his  own  treat- 
ment, but  was  found  to  have  lost  all  remembrance  of  having  a  wHe 
children  j  and  this  did  not  return  until  the  third  day.  Similar 
of  particular  Languages,  and  other  kinds  of  acquired  knowl- 
je,  have  been  noted  as  the  results  of  Fevers. 

One  of  the  most  remarkable  results  of  recent  Pathological  research 

been,  the  discovery  of  the  dependence  of  the  condition  termed 

iia^  or  "  loss  of  memory  of  words,"  upon  malnutrition  of  a  cer- 

I  pdut  of  the  Cerebrum  j  and  the  tracing  of  this  malnutrition  hack 

I  inteimption  in  the  supply  of  Blood.     In  this  curious  Mental  in* 

'  (which  often  begins  to  show  itself  before  there  is  any  other 

of  Cerebral  disorder,  but  which  is  now  recognized  as  a  most 

Sons  indication  of  impending  mischief),  the  subject  either  forgets 

I  words  he  wants  for  expressing  his  ideas,  or  he  uses  m^ipprofmate 

JA  in  their  place.     It  is  obvious  that  he  knoies  what  he  wants  to 

,  but  cannot  recall  the  words  in  which  to  convey  that  knowl- 

!  to  others*     There  is  no  paralysis  of  speecih,  for  his  articulation  is 

imaffeoted ;  so  that  he  can  repeat  the  words  he  wants,  if  they 

jested  to  him  by  others.     In  a  case  formerly  under  my  obser- 

,  the  Aphasia  went  on  gradually  but  very  slowly  increasing  for 

I  Of  four  years  ;  showing  itself  at  first  as  to  only  a  few  out-of-the- 

wards,  but  gradually  increasing  until  no  intelligible  language 

■ed  to  be  left,  except  that  of  swearing,  which  came  forth  in  a  tor* 

when  aoy  restraint  was  put  on  the  patient's  bodily  activity,  which 

very  energetic  until  near  the  close  of  life.     In  another  case 

ly  mentioiied  to  me  by  a  medical  friend,  who  was  a  near  con- 

tion  of  the  patient,  the  disease  ran  its  course  ifi  a  few  months* 

\  of  this  kind  almost  invariably  terminate  in  Apoplexy, — Now,  it 

be  ttid  that  we  have  here  only  the  evidence  of  synchronous  dis^ 

^tli^  BmlD  and  disorder  of  the  Mind;  so  that  the  depcndeiioB 

Iter  upon  the  former  is  not  made  out.     But  the  very  cuiiofii 

ttvery  was  made  »  few  years  ago,  by  Dr.  J.  llughlings  Jackeon, 

*  the  locally- impaired  nntritlon  of  the  Brain  in  these  cases  is  usu* 
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ally  attributable  to  ^^  embolkm  ^^  of  the  middle  memngeal  arid 
whereby  the  passage  of  blood  through  it  is  greatly  impeded ;  t^ 
"  embolism"  consisting  ii\  the  plugging  of  the  artery  by  a  fibrin^ci 
clot  brought  from  the  heart,  where  it  has  been  produced  by  valvi^ 
disease.  In  the  second  of  the  cases  just  referred  to,  the  usual  br^; 
leaion  having  been  found,  and  the  middle  meningeal  artery  hav-ij 
been  examined,  the/ofi^  ti  origo  of  the  mischief  was  found  to  be>  m 
"  emboli  am,"  but  a  morbid  deposit  ou  the  inner  wall  of  the  arterj 
producing  a  corresponding  obstruction  to  the  circulation,  Lookiog 
tlien,  to  the  fact  that  immediate  cessation  of  Mental  activity  is  dis- 
tinctly and  unmifitakably  produced  by  the  entire  suspension  of  Blood- 
circulation  through  the  Brain,  how  can  the  Physiologist  refuse  to 
recognize,  in  this  local  reduction  of  the  Circulation,  the  Physical  CAuee 
of  that  limited  reduction  of  Psychical  activity  which  so  distinctly  (ol 
lows  it  ?  M 

But  further,  this  singular  fact,  taken  in  connection  with  the  reomt 
great  extension  of  our  knowledge  as  to  the  local  alterations  in  tk 
calibre  of  the  Arteries,  which  are  produced  through  the  "  Yaso-molodh 
system  of  Kervcs,  obviously  points  to  the  probability  that  the  UmM 
ed  but  transient  lapses  of  Memory  just  alluded  to  are  due  to  a  locJ 
reduction  of  the  blood- supply  in  the  part  of  the  Cerebrum  which  min* 
isters  to  the  lost  function ;  and  that  the  sudden  recovery  which  aome^ 
times  occurs  is  the  result  of  the  renewal  of  the  normal  circulatioO| 
through  the  giving  way  of  the  impacted  clot,  or  the  yielding  of 
spasmodicalty^confitrictcd  arterial  walL 

Thus  Dr.  Rush,  of  Philadelphia^  was  acquainted  with  a  pcrsoD 
considerable  attainments,  who,  on  recovering  from  a  fever,  was  f< 
to  have  lost  aE  his  acquired  knowledge.  When  his  health  WM»' 
stored,  he  began  to  apply  himself  to  the  Latin  Grammar ;  and,  wlile, 
one  day,  making  a  strong  effort  to  recollect  a  part  of  his  lesson^  tk_ 
whole  of  his  lost  impressions  suddenly  returned  to  his  rem€n 
BO  that  he  found  himself  at  once  in  possession  of  all  his  former  aeqi 
ments. — The  like  sudden  restoration,  after  an  equally  sudden 
occurred  in  another  case  in  which  all  acquired  knowledge  was  lost 
a  whole  year  ^  and  in  both  the  loss  and  the  recovery  there  was  cl 
evidence  of  strong  Mmotional  excitement^  which  is  well  known  to 
Physiologist  to  have  a  most  powerful  control  over  the  calibre  of 
Blood-vessels. 

There  is  another  class  of  familiar  phenomena,  which  a^ords  si 
evidence  of  the  dependence  of  the  recording  process  upon  Nutnl 
changes  in  the  Brain.     Every  one  is  aware  that  what  is  rapidly  leai 
— ^tbat  is,  merely  committed  to  Memory— is  very  commonly  forgot 
as  quickly,  **  one  set  of  ideas  driving  out  another.'*    That  ihoroi 
apprehension  of  what  is  learned,  on  the  other  hand,  by  which 
made  (as  it  were)  part  of  the  ^lental  fabric,  is  a  much  slower  pi 
The  difference  between  the  two  is  expressed  by  the  colloquial 
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■^iiiiimiog/' aa  distinguiahed  from  "learning;"  tbe  analogy  being 
■^ionfl  to  the  overloading  the  stomach  with  a  mass  of  food  too  great  1 
m  l>e  digested  and  assimilated  withiii  a  given  lime,  bo  that  a  large 
H*t  of  it  passes  out  o/*the  body  without  having  been  applied  to  any 
■Dd  purpose  in  it*  A  part  of  this  difierence  obviously  consists  in 
M  formation  of  Mental  Associations  between  the  newly-acquired 
■Dirledge  and  that  previously  possessed ;  so  that  the  new  ideas  be- 
WXtie  linked  on  with  the  old  by  '*  suggesting  "  chains.  Such  is  eepe- 
Iftlly  the  case,  when  we  are  applying  ourselves  to  the  study  of  any 
kneh  of  knowledge,  with  the  view  of  permanently  mastering  it; 
If  here  the  element  of  Time  is  found  practically  to  be  very  impor- 
■It.  Thus,  it  is  recorded  of  the  late  Lord  St,  Leonard's  that^  hav- 
Ig  (as  Sir  Edward  Sugden)  been  asked  by  Sir  T.  F,  Buxton  what 
^»  the  secret  of  his  success,  his  answer  was:  "I  resolved,  when 
htinning  to  read  Law,  to  make  every  thing  I  acquired  perfectly  my 
wi,  and  never  to  go  to  a  second  thing  till  I  had  entirely  accomptitehed 
li©  first.  !^Iany  of  ray  competitors  read  as  much  in  a  day  as  I  read 
p£L  week ;  but,  at  the  end  of  twetve  months,  my  knowledge  was  aa  J 
lb  as  on  the  day  it  was  acquired,  while  theirs  had  glided  away 
their  recollection," — [Memoirs  of  Sir  T  K  Buxton^  chap,  xxiv,) 
this  Assimilating  process,  it  is  obvious  that  the  new  knowledge 
[as  it  were)  turned  over  and  over  in  the  Mind,  and  viewed  in  all  its 
&cts ;  so  that,  by  its  coming  to  be  not  merely  an  addition  to  the 
i,  but  to  interpenetrate  it,  the  old  can  scrarcely  be  brought  into  the 
Sphere  of  consciousness,"  without  bringing  the  new  with  it.  But, 
'fotn  the  considerations  already  adduced,  it  seems  almost  beyond 
abt  that  the  formation  of  this  Associative  nexus  expresses  itself  in 
Physical  structure  of  the  Brain,  so  as  to  create  a  mechanism 
tierehy  it  is  perpetuated  so  long  as  the  Nutrition  of  the  organ  is 
aally  maintained. 

Another  class  of  phenomena,  now  to  be  considered,  seems  to  afford 
^^n  more  direct  and  cogent  evidence  of  the  dependence  of  Memory^ 
-^  its  simplest  exercise,  upon  a  registering  process,  that  consifits  in 
toe  Kutritive  modification  of  the  Brain-tissue.  In  what  we  call 
ling  by  heart" — which  should  be  rather  called  learning  by 
,  instead  of  by  Mind— we  try  to  imprint  on  our  Memory  a  cer- 
sequenee  of  words,  nnrabers,  musical  notes,  or  the  like ;  the  re- 
Ddnction  of  these  being  mainly  dependent  upon  the  association  of 
&h  item  with  that  which  follows  it,  so  th'at  the  utterance  of  the 
ler,  or  the  picture  of  it  in  **  the  mind's  eye,"  suggests  the  next, 
fe  flee  this  plainly  enough  when  children  are  set  to  learn  a  piece  of 
^  of  which  their  minds  do  not  take  in  the  meaning ;  for  the  rhythm 
afibrds  a  great  help  to  the  suggestive  action ;  and  nothing  ia 
lliore  common  than  to  hear  word  a  or  clauses  (transferred,  perhaps,  from  I 
Bne  other  part  of  the  poem)  substituted  for  the  right  ones,  which  are 
mt  only  inappropriate  but  absolutely  absurd  in  the  lines  as  uttered. 
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So,  again,  if  the  child  is  at  faulty  he  does  not  think  of  the  meaning 
of  the  sentence,  and  of  wliat  is  wanted  to  complete  it  j  but  *'  tries 
back*'  over  the  preceding  words,  that  their  sound  may  suggest  that 
of  the  word  he  desiderates.     So  there  are  older  persons,  with  wliom 
the  pictured  remembrance  of  the  words  and  phrases  is  more  suggest 
tive ;  as  in  a  case  to  be  presently  cited, — Now,  in  these  instances,  it  is 
a  familiar  fact  that  what  is  thus  learned  but  once,  however  perfectly; 
soon  *'  goes  out  of  the  head,"  being  only  fixed  there  by  continual  rep 
etition  ;  and,  as  the  Memory  we  are  now  considering  is  rather  Sensori^ii 
than  Ideational^  this  fact  is  confirmatory  of  the  doctrine  that  seemi 
probable  on  other  grounds,  of  the  superior  (if  not  the  exclusive)  per 
fiistence  of  the  latter.     We  seem  distinctly  able  to  trace  the  action 
of  tho  recording  process  in  this  elementary  form  of  Memory,  in  th< 
help  given  in  the  "  learning  by  heart "  of  a  task,,  by  repeating  it  the 
last  thing  at  night ;  for  every  school-boy,  who  has  to  commit  to  mem' 
ory  fifty  lines  of  Virgit  knows  very  well  that,  if  he  can  "  say  them  tc 
himself,^' even  slowly  and  bnnglingly,  just  before  going  to  sleep,  hi 
will  be  able  to  recite  them  much  more  fiucntly  in  the  morning.     The 
Physiologist  sees  here  an  obvious  indication  that  the  recording  process 
has  gone  on  without  interruption  by  new  impressions  on  the  Sensori 
wra,  80  that  there  lias  been  time  for  th^Jlxation  of  the  last  by  Nutritive 
change.     We  have,  indeed,  a  remarkable  converse  phenomenon,  in  the 
rapid  fading  away  of  a  Dream,  which,  at  the  moment  of  wakiog,  w€ 
can  reproduce  with  extraordinary  vividness ;  for  the  "  trace  "  left  by 
its  details  is  soon  obliterated  by  the  new  and  stronger  impressions 
made  on  our  waking  Consciousness,  so  that,  a  few  hours  afterward, 
we  are  often  unalile  to  revive  more  than  the  general  outline  of  the 
Dream — and  perhaps  not  even  that,  unless  we  have  told  it  to  another 
when  it  was  fresh  in  our  minds,  of  which  act  a  '*  trace"  would  be  left* 
There  are  two  classes  of  persons  who  are  profeseionally  called  upon 
for  great  temporary  exercises  of  Memory,  viz.,  Dramatic  Performers 
and  Barristers.     An  actor,  when  about  to  perform  a  new  '*  part,^'  not 
only  commits  it  to  memory,  but  *'  studies  "  it,  so  as  to  make  it  part  of 
himself;  and  all  really  great  actors  identify  themselves  for  the  tiffl^ 
with  the  characters  they  are  performing.     When  a  "  part  **  has  onc« 
been  thoroughly  mastered,  the  performer  is  usually  able  to  go  througl* 
it,  even  after  a  long  interval,  with  very  little  previous  preparation.    But 
an  actor  is  sometimes  called  upon  to  take  a  new  *'  part "  at  very  short 
notice;  he  then  simply  **lcama  it  by  heart,"  and  speedily  forgets  it- 
A  case  of  this  kind  is  cited  by  Dr.  Abercrombie,  as  having  been  th© 
experience  of  a  distinguished  actor,  on  being  called  on  to  prepare 
himself  in  a  long  and  difficult  part,  at  a  few  hours'  notice,  in  coDaC' 
quence  of  the  illness  of  another  performer.     He  acquired  it  in  a  very 
short  time,  and  went  through  it  with  perfect  accuracy ;  but  immediately 
after  the  performance  forgot  it  to  fioch  a  degree  that,  although  he 
performed  the  character  for  several  days  in  succession,  he  was  obliged 
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B^rj  day  to  prepare  it  anew^ — not  having  time  to  go  tbrougli  the  pro- 
Bm  of  "studying"  it,  to  which  Mrs.  Siddone  used  to  give  weeks  or 
Men  months.  AYhen  questioned  respecting  the  mental  process  which  he 
Biployed  the  first  time  he  performed  tbe  part,  he  said  that  he  entirely 
Hit  ftight  of  the  aadicnce,  and  seemed  to  have  nothing  before  him  bnt 
■e  pages  of  the  book  from  which  he  had  learned  it ;  and  tliatj  if  any 
Hang  had  occurred  to  interrupt  this  illueion,  he  ebauld  have  instantly 
slopped, — {Inquiry  into  the  InteUectual  Poicers^  fifth  edition,  p,  103.) 

In  the  case  of  Barristers,  who  are  called  upon  to  "  get  up "  the 
Mmefs  **  which  are  supplied  to  them,  to  master  the  faots,  to  apply  to 
%em  the  principles  of  Law,  and  to  present  them  in  the  Court  in  the 
form  which  they  deem  most  advantageoas  to  the  '* cause"  they  have  ^ 
iertakeu  to  plead,  the  very  highest  faculties  of  mind  are  called  into 
lire  eacercisej  but,  in  consequence,  it  would  seem,  of  the  want  of 
bvioos  connection  with  the  "  case  "  (of  which  they  know  nothing  but 
bat  u  set  down  in  their  '*  brief "),  and  of  tlie  complete  cessation  of 
It  connection  as  soon  as  the  decision  has  been  given,  they  very  com- 
'  forget  all  about  it "  so  soon  ae  they  have  traosferred  their 
tention  to  their  next  brict  A  curious  instance  of  this  kind  was 
feutianed  to  the  writer  a  few  years  ago  by  an  emlm-nt  Barrister  (since 
rated  to  the  Judicial  Bench),  whose  great  scientific  attainments  led 
I  hit  being  frequently  employed  in  Patent-cases.  A  **  Jieavy  "  case 
*  this  kind  was  placed  in  his  hands,  and  he  was  reminded  of  having 
I  engaged  by  the  same  parties  in  the  same  "  case  "  when  it  had 
in  firtt  brought  to  trial  about  a  year  previously.  He  had  not  the 
ghtest  remembrance  of  its  having  ever  been  before  him  j  none  of 
iilar&  of  it  seemed  familiar  to  him;  and  he  was  only  con- 
tt  he  really  Aaci?  taken  part  in  the  previous  trial  by  finding 
\  record  of  his  engagement  in  his  Fee-book.  Even  when  he  came 
["get  up"  the  case  again,  no  remembrance  of  his  former  attention 
fit  came  within  his  "  sphere  of  consciousness,'* 
It  seems,  then,  to  admit  of  question  v,'\\^i\iQr  every  thinfj  that  passes 
jh  our  31inds  thus  leaves  its  impress  on  their  Material  instru- 
Dt ;  and  whether  a  somewhat  too  extensive  generalization  has  not 
\  on  a  rather  limited  basis.  For  the  doctrine  of  the  indeli- 
rn *»ry  rests  on  the  spontaneous  revival,  under  circumstances 
iicative  of  some  change  in  the  Physical  condition  of  the  Brain,  of 
^-dormant  **  traces  "  left  by  such  former  impressions  as  are  re- 
\  to  one  or  other  of  the  three  following  categories :  1.  States  of 
^aMoensftS  to  places,  persons,  language,  etc.,  wliieh  were  habitual 
\  UB  in  early  life,  and  which  were,  therefore,  likely  to  have  directed 
\  growth  of  the  Brain  ;  2.  Modes  of  Thought  in  which  the  formation 
fJbtfoeistion^  largely  participate?,  and  wljich  arc  likely  to  have  modi- 
\  l^^t  toMT^Q  oi  \l^  maintenance  by  Nutrition  after  the  attainment 
[mttuftty  ;  or  3.  Single  Experiences  of  peculiar  force  and  vividness, 
are  likely  to  have  left  very  decided  "  traces,"  although  the 
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eireunistanceft  of  their  formation  were  bo  imiisiiat  as  to  keep  tbem  &nt 
of  ordinary  aseociational  remembmnce.  Thus  a  remarkable  cAse  is 
menlioned  hj  Dr,  Abereombie  (**  Intellectoal  Powers,**  fifth  ediiion^p. 
149)  of  a  bojT,  who,  at  the  age  of  four  years,  underwent  the  operation 
of  trepanning,  apparently  in  a  state  of  perfect  stupor,  and  who,  after 
bia  recovery,  retained  no  recollection  either  of  the  accident  by  which 
his  skull  was  fractured,  or  of  the  operation,  yet  who,  at  the  age  of  fif- 
teen,  doriDg  the  delirium  of  fever,  gave  hb  mother  an  account  of  tlie 
operation  and  of  the  persons  who  were  present  at  it,  with  a  correct  de- 
scription of  their  dress,  and  other  minute  particulars  of  which  it  wai 
scarcely  possible  that  he  could  have  acquired  the  knowledge  from 
verbal  information.  Here  it  would  seem  that  all  the  Mental  power  the 
patient  then  had  must  have  been  coucentrated  upon  the  impressioiiR  j 
made  upon  his  Sensorium,  which  were  thus  indelibly  branded  (ss  H  ^ 
were)  upon  his  Organism ;  but  that  these  **  traces,"  being  soon  covered  ' 
up  by  those  resultiog  from  the  new  experiences  of  restored  activity, 
remained  outside  the  "  sphere  of  consciousness  "  until  revived  by  ft 
Physical  change  which  reproduced  the  images  of  the  objects  that  hsd 
left  them« 


The  direct  causal  relation  of  Physical  conditions  to  Mental  stittf 

may  be  made  still  more  clear  by  following  out  into  some  detail  tb^ 
phenomena  of  that  peculiar  form  of  Intoxication  which  is  produced 
by  Hashish — a  preparation  of  Indian  hemp  used  in  the  Levant  for  the 
purpose  of  inducing  what  is  termed  the  farUctsicL,     The  action  of  llui 

I  drug  was  very  carefully  studied  some  years  ago  by  M,  Moreau^  Phyo- 
eiaii  to  the  Bicdtre,  who  had  given  great  attention  to  the  Psychology 
of  Insanity,  and  whose  special  object  was  to  throw  light  upon  that 
subject  Ly  experimenting  upon  what  he  termed  its  artificial  produo 
tion.  His  treatise^  "  Du  Hachisch,  et  de  rAlienation  Mentale  *'  (Furiiy 
1845),  IB  one  which  deserves  the  attentive  study  of  such  as  desire  K>' 
base  their  Psychology  upon  a  compreheusive  survey  of  facts. 

One  of  the  first  appreciable  effects  of  the  ITcufhishy  as  of  other  lotoxi'  I 
eating  agents,  is  the  gradual  weakening  of  that  power  of  VblitionaOg  I 
controlling  and  directing  the  current  of  thotight,  the  possession  erf  I 
which  characterizes  the  vigorous  mind.     The  individual  feels  himself  i 
incapable  of  fixing  his  attention  upon  any  subject ;  the  continuity  ot  1 
his  thoughts  being  continually  drawn  off*  by  a  succession  of  disc 
nected  ideas,  which  force  themselves  (as  it  were)  into  his  mind,witliO 
his  being  able  in  the  least  to  trace  their  origin.     These  speedily  eo^ 
his  attention,  and  present  themselves  in  strange  combinations,  so  aa  t^l 
produce  the  most  impossible  and  fantastic  creations.     By  a  stropg 
effort  of  the  Will,  however,  the  original  thread  of  the  ideas  may  i 
be  recovered,  and  the  interlopers  may  be  driven  away ;  their  remeis 
brance,  however,  being  preserved,  like  that  of  a  dream  recalling  eTenf 
long  since  past.     These  lucid  intervals  progressively  become  shorwri 
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durfttioQ^  and  can  be  less  frequently  procured  by  a  voluntary  effort ; 
for  the  internal  tempest  becomes  more  violent,  the  torrents  of  discon- 
nected ideas  are  so  powerful  as  completely  to  arrest  the  attention,  and 
ibmiod  ia  gradually  withdraw^n  altogether  from  the  contemplation  of 
etteraal  realities,  being  conscious  only  of  its  own  internal  workings. 
There  is  always  preserved,  however,  a  much  greater  amount  of  "  self- 
coQsciousnesa  '*  than  exists  in  ordinary  Dreaming ;  the  condition  rather 
t'(jm?9{K)nding  with  that  in  which  the  sleeper  knows  that  be  dreams, 
and,  if  his  dream  be  agreeable,  makes  an  effort  to  prolong  it,  being 
conscious  of  a  fear  lest  he  sbould  by  awaking  cause  the  dissipation  of 
the  pleasant  illusion. 

It  is  another  characteristic  of  the  action  of  hashish  that  the  suc- 
Ottdon  of  ideas  has  at  first  less  of  incoherence  than  in  ordinary  Dream- 
h^^  and  the  ideal  events  do  not  so  far  dt^part  from  possible  realities ; 
tiw  disorder  of  the  mind  being  at  first  manifested  in  errors  of  sense, 
iaWse  convictions,  or  in  the  predominance  of  one  or  more  extravagant 
'  idiu.  These  ideas  and  convictions  are  generally  not  altogether  of  an 
iaiginary  character,  but  are  rather  suggested  hj  external  impressions, 
ikete  impressions  being  erroneously  interpreted  by  the  perceptive  fac- 
ulliei,  and  gtv-ing  origin,  therefore,  to  fallacious  not  ion  a  of  the  objects 
which  excited  thera.  It  is  in  that  more  advanced  stage  of  the  **  fantasia ' 
which  immediately  precedes  the  complete  withdrawal  of  the  mind  from 
external  things,  and  in  which  the  self-consciousness  and  power  of  the 
Win  are  weakened,  that  this  perverted  impressibility  becomes  most  re- 
Qirkable,  more  especially  as  the  genera!  excitement  of  the  Feelings 
I  the  erroneous  notions  to  have  a  powerful  effect  in  arousing  them. 

*ire  b«Gome,*^  sayt  M.  Moreau,  *'  the  sport  of  impres&ions  of  the  most  op- 
)  kind ;  the  contlnaitj  of  our  ideas  may  bo  broken  bj  the  slightest  cause, 
Wtirt  tamed,  to  use  a  common  expression,  bj  every  wind.    Bt  a  word  or  a 
»rd  our  thoughts  may  be  successively  directed  to  a  multitude  of  different 
\  trith  A  rapidity  and  a  lucldilj  which  are  truly  marvellous.     The  mind 
I  poflsetaed  with  a  feeling  of  pride  oorresponding  with  the  exaltation  of 
,  of  whose  increase  in  energy  and  power  it  becomes  conscious.     It 
imttrely  dependent  on  the  oireum stances  in  whieh  we  are  placed^  the 
\  which  strike  our  eyes,  the  words  which  fall  on  our  ears,  whether  the 
[iv«ly  sentiments  of  gayety  or  of  sadness  shall  be  pradaccd,  or  passions  of 
;  opposite  character  shall  be  excited,  Bometimes  with  extraordinary  vio- 
for  irritation  shall  rapidly  pass  into  rage,  diMlike  to  hatred  and  desire  of 
Q0€,  and  the  calmest  affection  to  the  most  transporting  passion*     Fear 
BCi  terror,  courage  is  developed  into  rashness,  which  nothing  oheolcs^  and 
ima  not  to  be  conscious  of  danger,  and  the  mofit  unfounded  doubt  or 
beeomet  a  certainty.     The  Mind  hat  a  t^nd&ncy  to  exaggerate  every 
and  the  slightest  impulse  earries  it  along.     Those  who  make  use  of  the 
iji  the  East,  when  they  wish  to  give  themselves  np  to  the  intoxication 
I  f^AUmia^  take  care  to  withdraw  themselves  from  every  thing  which 
give  to  their  delirium  a  tendency  to  melancholy,  or  excite  in  them  any 
•lie  than  feelinga  of  pleasurable  ei\f oyment ;  but  they  profit  by  all  the 
\  vbieh  the  diiaoiate  manners  of  the  East  place  at  their  disposal." 
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Tlie  disturbance  of  the  Perceptive  Faculties  is  remarkably  sho^ 
in  regard  to  Time  and  Space.  Minutes  seem  hours,  and  hours  are  pi 
longed  into  years;  and  at  last  all  idea  of  Time  seems  obliterated,  ai 
the  past  and  present  are  confounded  together,  M.  Moreau  mentio 
as  an  illustration,  that  on  one  evening  he  was  traversing  the  passaj 
of  the  Opera  when  under  the  influence  of  a  moderate  dose  of  Hashu 
He  had  made  but  a  few  steps,  when  it  seemed  to  him  as  if  he  had  be< 
there  two  or  three  liours ;  and,  as  he  advanced,  the  passage  appean 
to  him  interminable,  its  extremity  receding  as  he  pressed  forward.  Bi 
he  gives  another  more  remarkable  instance.  In  walking  along  tl 
Boulevards,  he  has  frequently  seen  persons  and  things  at  a  certain  d3 
tance  presenting  the  same  aspect  as  if  he  had  viewed  them  thr<)iij 
the  large  end  of  an  opera-glasfi — that  is,  diminished  in  apparent  sin 
and  therefore  suggCf^ting  the  idea  of  increased  distance.  Thia  erro 
neoua  perception  of  Space  is  one  of  the  effects  of  the  Amanita  miiscark 
an  intoxicating  Fungus  used  by  the  Tartars ;  a  person  under  its  b 
fluence  being  said  to  take  a  jump  or  a  stride  sufficient  to  clear  til 
trunk  of  a  tree  when  he  wishes  only  to  step  over  a  straw  or  a  emtll 
stick.  Such  erroneous  perceptions  are  common  enough  among  Lo- 
natics,  and  become  the  foundations  of  fixed  illusions ;  while  in  tB« 
person  intoxicated  by  Hushuh  there  is  still  a  certain  conseiousnesf^ 
their  deceptive  character.  ,  ^ 

Though  all  the  Senses  appear  to  be  pecuHarly  impressible  in  till 
condition,  yet  that  of  Hearing  seems  the  one  through  which  the  gtwt- 
est  influence  may  be  exerted  upon  the  Mind,  especially  through  tfci 
medium  of  musical  sounds.  The  celebrated  artist,  M.  Theodore  QvA' 
tier,  describes  himself  as  hearing  sounds  from  colors,  which  prodi 
undulatitms  that  were  perfectly  distinct  to  him.  But  he  goes  oa' 
say  timt  the  slightest  deep  sound  produced  the  effect  of  rolling  tbi 
der ;  his  own  voice  seemed  so  tremendous  to  him  that  he  did  not  diit 
to  speak  out  for  fear  of  throwing  down  the  walls,  or  of  himself  hi 
ing  like  a  bomb ;  more  than  five  hundred  clocks  seemed  to  be  st; 
the  hour  with  a  variety  of  tones,  etc.,  etc*  Of  course,  those  indlvidi 
who  have  a  natural  or  an  acquired  "musical  ear*'  are  the  most  li 
to  be  influenced  by  the  concord  or  succession  of  sweet  sounds ;  am 
such  the  simplest  music  of  the  commonest  instrument,  or  even  an 
eung  by  a  voice  in  a  mediocre  style,  shall  excite  the  strongest  emot 
of  joy  or  melancholy,  according  as  the  air  is  cheerful  or  plaintii 
the  mental  excitement  bebg  communicated  to  the  body,  and 
accompanied  with  muscular  movements  of  a  semi-convulsive  nal 
This  influence  of  mupic  is  not  merely  sensual,  but  depends,  like 
of  other  external  impressions,  upon  the  associations  which  it 
and  upon  the  habitual  disposition  to  connect  it  with  the  play  of 
Imaginative  faculties. 

It  is  seldom  t!iat  the  excitement  produced  by  the  Hashish 
«elf  upon  any  particular  train  of  Ideas,  and  gives  rise  to  a  sell 


\M 


ON  ACQUIMED   PSYCHICAL   HABITS. 


317 


.,  for  in  general  one  set  of  ideas  chases  another  so  rapidly^ 

tbt  there  i%  not  time  for  either  of  them  to  engross  the  attention  of 

the  intellect  j   more  especially  since  (as  already  remarked)   there  is 

aiuallj  such  a  degree  of  self-conscionsness  preserved  thronghout,  as 

prevents  the   Individual   from   entirely    yielding   himself    up   to   the 

Bttggeetions  of  his   ideal   faculties.     M.  Moreau   mentions,  however, 

tluit  on  one  occasion,  having  taken  an  overdose,  and  being  sensible  of 

i«iu4ual  effects,  he  thought  himself  poisoned  by  the  friend  who  had 

idDunistered  it,  and  persisted  in  this  idea  in  spite  of  every  proof  to 

ihe  contrary — until  it  gave  way  to  another,  namely,  that  ho  was  dead, 

I  and  was  ahout  to  be  buried ;   his  self-coo sciousn ess,  however,  being 

yeC  80  far  preserved  that  he  believed  his  body  only  to  be  defunct,  his 

f  loal  having  quitted  it.     But  when  this  is  altogether  suspended,  as  it 

I  to  be  by  a  larger  dose,  the  erroneous  ideas  become  transformed 

bto  convictions,  taking  full  possession  of  the  mind  ;  althotigh  sudden 

[gieiiDS  of  common-sense  burst  through  tlie  mists  of  the  imagination, 

jlnisbow  the  illusive  nature  of  the  pictures  which   the   **  Internal 

Seoaea^^  have  impressed  on  the  Sensorium,     All  this — as  every  one 

'kooFwa,who  has  made  the  phenomena  of  Insanity  his  stndy— has  its 

tiact  representation  in  the  different  stages  of  Mental  Derangement ; 

^  the  illusive  ideas  and  erroneous  convictions  being  in  the  first  instance 

Cipable  of  being  dissipated  by  a  strong  effort  of  tlie  Will,  gradually 

I  tieriing  a  stronger  and  stronger  influence  on  the  general  current  of 

Thought,  and  at  last  acquiring   such  complete  mastery  over  it  that 

tW  Reason  cannot  be  called  into  effective  operation  for  the  correction 

i^  the  perverted  Ideas, 

Heie,  then,  we  have  au  extraordinary  exdUation  of  the  Automatic 
iction  of  the  Brain,  manifesting  itself  io  the  rapidity  and  intensity  of 
tie  current  of  Thought ;  while  the  controlling  power  of  the  Will  is 
M  only  relatively,  but  absolute!}/  reduced.  And  this  modification 
of  the  normal  form  of  mental  activity  is  clearly  referable  to  the  per- 
on  of  the  normal  action  of  the  Blood  upon  the  Brain,  which  is  dae 
introduction  of  a  new  Physical  agent  into  the  former.  Tlie 
ductioD  of  errors  of  Perception,  arising  from  the  tendency  to  mag* 
Hon  of  the  impressions  actually  made  on  the  senses,  is  a  pecul* 
dy  Interesting  feature  of  this  perversion  j  which  is  clearly  a  menial 
iiterpretation,  not  at  all  corresponding  to  the  mere  double  vision 
!  tb€  drunken  man,  which  b  an  error  of  sense  arising  from  the  tern- 
want  of  adjastment  of  the  axes  of  the  eyes.  And  with  this 
Heat  ion  there  b  connected  a  sentiment  of  happineis  which  at- 
\  all  the  operations  of  the  mind. 

••It  i*  really  happinem^^^  saye  M,  Moreao,   "which   ia  prndnced  by  the 

•h;  and  by  thi«  I  imply  an  enjoyment  entirely  Moral,  and  by  no  nxeans 

we  tnigbt  be  induced  to  sappose.     ThiB  is  surely  a  very  carious  cir* 

tad  Mine  remarkflbld  inferences  might  be  drawn  freni  it ;  this^  for 

other*— that  ©very  feeling  of  joy  and  gladuesa,  even  when  tliOj 
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cause  of  it  ia  exclasively  moral— tliat  tbose  eDJoyroenti  which  arc  lenst  mf 
nected  with  material  objects,  the  moat  spiritual,  the  mogtt  ideal — may  be  Dolhini 
else  than  seDaations  purely  physical,  developed  in  the  interior  of  the  system,  m 
are  those  procured  by  the  Ilushish.  At  least,  so  far  as  relates  to  that  of  which 
we  are  internally  conscious,  there  is  no  distinction  between  these  two  orden 
sensations,  in  spite  of  the  diversity  in  the  causes  to  which  they  are  due ;  for 
H^ishitih-eater  is  happy,  not  like  the  gourmand  or  the  flemished  man  v 
satisfyinff  his  appetite^  or  the  voluptuary  in  gratifying  hie  amative  de-sires; 
like  him  who  hears  tidings  which  fill  him  with  joy,  like  the  miser  counting 
treasures,  the  gambler  who  is  saccessful  at  play,  or  the  ambitious  man  who  li 
mtozicHat^d  with  sacceds.^'  ^ 


Mob 

i 


ot 

1 


Most  pergonswill  be  able  to  recall  analogous  utatee  of  exlularatioii, 
and  the  reverse  condition  of  depression,  in  themgelves ;  the  former 
being  characterized  by  a  feeling  of  general  well-being,  a  eentiment  of 
pleasure  in  the  use  of  all  the  bodily  and  mental  powers,  and  a 
position  to  look  with  enjoyment  upon  the  present,  and  with  hope, 
the  future ;  while  in  the  latter  state  there  is  a  feeling  of  general 
indefinable  discomfort.  Every  exertion,  whether  Mental  or  Bodily, 
felt  as  a  burden ;  the  present  is  wearisome,  and  the  future  is  glooray, 
These,  like  all  other  phases  of  Human  Nature,  are  faithfully  portra; 
by  Shakesy^eare.  Thus  Homeo  gives  expression  to  the  fcelinga  inspii 
by  the  first  state : 

"  My  bosom's  lord  sits  lightly  in  his  throne ; 
Andj  all  this  day,  an  unaocastomed  spirit 
Lifts  me  above  the  ground  with  cheerful  thoughts,** 

{Romeo  and  Juliet^  V.,  1 J 

While  the  reverse  state  is  delineated  by  Hamlet  in  bis 

soliloquy : 

**  I  have  of  late— but  wherefore  I  know  not — lost  all  my  mirth,  foregon 
custom  of  eierciscB ;  and,  indeed,  it  goes  so  heavily  with  my  dispositioo,  \ 
this  goodly  frame,  the  earth,  eeems  to  me  a  Bterile  promontory ;  this  most  ] 
cellent  canopy^  the  air,  look  you— this  brave  overhanging  firmament,  this  l 
jest  10  roof  fretted  with  golden  fire,  why  it  appears  no  other  thing  to  me  1 
foul  and  pestilent  congregation  of  vapors." — {Hamlet^  IL,  2,) 

In  the  conditions  here  referred  to,  the  same  feelings  of  pie 
and  discomfort  attend  ail  the  operations  of  the  mind — the 
Sensational  and  the  Intellectual.  In  the  state  of  exhilaration,  we  I 
a  gratification  from  sensations  w^hich  at  other  times  pass  unnotM 
while  those  which  are  usually  pleasurable  are  remarkably  enhaiic 
and  in  like  manner,  the  trains  of  Ideas  which  are  started  being  g<'ne^ 
erally  attended  with  similar  agreeable  feelings,  we  are  said  to  be  under 
the  influence  of  the  pleasurable  or  elevating  Emotions.  On  th  *^  " 
hand  J  in  the  state  of  depreBeltm  we  feel  an  indescribable  disr 
from  the  very  sensations  which  before  produced  the  liveliest  gratifr' 
cation  ;   and  the  thoughts  of  the  pastj  the  present,  and  the  futoif^ 
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r^licb  we  before  dwelt  on  with  delight,  now  excite  no  feelingfi  but 
tkse  of  pain,  or  at  best  of  insouciance^ 

Ifow,  there  are  many  persons  in  whom  these  opposite  Emotional 

I  Itllea  are  indueed  by  Meteorological  conditions ;  the  ooe  by  a  dry, 

clfiir,  hright  atmosphere;  the  other  by  that  close,  damp,  **mnggy**^ 

itateof  the  air,  which  seems  to  lay  a  "wet  blanket"  npon  all  their 

Rjjoyment,  both  bodily  and  mental.    And  precisely  the  same  depressing 

[hfoence  is  often  experienced  from  deficient  action  of  the  liver,  causing 

tin  aecamnlation  of  the  materials  of  bile  in  the  blood  j  and  it  ia  just  as 

ilppirent  to  the  Physician  that  the  elimination  of  these  by  appropriate 

(itniedie&,  so  as  to  restore  the  Blood  to  its  normal  purity^  thereby  re- 

\mi9M  the  Moral  depression^  as  it  is  that  the  introduction  of  a  minnte 

[jaaatity  of  Hashish  into  the  Blood  produces  a  Moral  exaltation, 

la  these  days  of  eager  competition,  again,  it  is  extremely  common 

bra  psychical  state  to  be  induced  by  the  overtasking  of  the  Brain, 

irhicb  every  intelligeot  medical  practitioner  recognizes  as  efisentially 

liysical  in  its  origin,  but  which  yet  manifests  itself  chiefly  in  moral, 

«i4  not  nnfrequently,  also,  in  intellectual  pervei-siom     The  excess  of 

timy  is  followed,  as  its  natural  result,  by  a  state  of  depression  j  in 

fWch  the  subject  of  it  looks  at  every  thing,  past,  present,  and  future, , 

I  a  gloomy  light,  as  through  a  darkened  glass.     His  whole  life  haa 

€0  evil ;  he  has  brought  ruin  on  his  affairs  j  his  dearest  friends  are 

^kagoe  to  injure  him.     At  first  this  moral  perversion  extends  itself 

f  to  a  misinterpretation  of  actual  occurrences,  which  only  differs  in 

from  that  which  we  observe  in  persons  of  a  morose  temper. 

iit,with  the  advance  of  the  disorder,  the  mind  dwells  on  its  own 

Tbid  imaginings,  till  they  come  to  take  the  place  of  actual  facts ; 

\\xi  this  way  hallucinations  are  generated— i.  e.,  creations  of  the 

ation^  which  are  accepted  as  real  occurrences.     Now,  here  there 

uo  primary  intellectual  perversion;  the  reasoning  powers  are  not 

itarbed;  the  patient  can  discuss  with  perfect  sanity  any  question 

tdo^not  touch  his  morbid  feelings;  but  the  representations  shaped 

[ky  Lii  own  mind,  under  the  influence  of  these  feelings,  being  received! 

\  troUia  to  the  exclusion  of  his  common-sense,  all  his  actions  are  based 

t  Uloae  erroneous  data.     This  condition  is  merely  an  intensifitation 

I  that  joat  described;  and  the  Physician  can  no  more  doubt  that  it 

upon  an  unhealthy  condition  of  the  bodily  frame,  than  that 

\  delirium  of  fever  and  the  fantasia  of  Hashish  are  dependent  upon 

of  a  poiaon  in  the  blood. 


The  P«ychologist  who  neglects  such  phenomena  as  these,  meretj 

the  Inferences  drawn  from  them  by  the  Physiologist  have  a 

00  flavor  of  **  materialism,"  seems  to  me  just  as  blameworthy 

ithf*  PhyisinlMgigt  who  ignores  the  facts  of  consciousness,  when  they 

>oot  happen  to  fit  in  with  his  own  conclaslons,     Tbe  true  Paycholo- 

ia  he  who  lays  the  foundations  of  his  science  broad  and  deep  in 
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the  ichoh  constitution  of  the  individual  man,  and  his  relations  to  tl 
World  external  to  him ;  and  aims  to  build  it  up  with  the  material 
fiirnished  by  Experience  of  every  kind,  mental  and  bodily,  nonni 
and  abnormal;  ignoring  no  fact,  however  strange,  that  is  attested  b; 
valid  evidence,  and  accepting  none,  however  authoritatively  sam 
tioned,  that  will  not  stand  the  test  of  thorough  scrutiny.  ■ 

It  is  very  easy,  and  doubtless  very  pleasant,  to  dispose  of  '*  Cer 
bration  '*  by  a  sneer ;  but  tliose  who  do  so  may  be  fairly  called  upc: 
in  the  first  place  to  acquaint  themselves  with  a  class  of  facts  wM* 
they  have  never  studied ;  and,  when  they  have  examined  them,  ma 
bo  challenged  to  give  some  better  and  more  scientific  rationah  of  thei 
than  tbat  here  offered.  I  should  myself  rejoice  to  welcome  any  dci 
light  that  metaphysics  can  throw  upon  such  questions  as  the  following; 

L  Wliat  other  than  **  Physical  Antecedents"  excite  those  states  of 
Consciousness  which  we  call  Sensations,  and  the  Pleasure  and  Pain 
associated  with  them  ? 

2.  Does  not  ail  Psychological  as  well  as  Physiological  probahility 
point  to  the  identity  of  the  Sensorial  instrumentality  through 
we  become  conscious  (1)  of  a  presetit  Impression,  and  (2)  of  a  n 
bered  Sensation  ? 

a.  If,  then,  a  Visual  perception  be  immediately  dependent 
Physical  chauge  in  the  Sensorium,  excited  (through  the  optic  nene) 
by  a  Physical  change  in  the  Ketina,  is  it  not  probable  that  a  VisnJ 
conception  depends  on  a  corresponding  Physical  change  in  the  Sett? 
sorium,  called  forth  (through  the  "  nerves  of  the  internal  senses") 
a  Physical  change  in  the  cortical  substance  of  the  Cerebrum  ? 

4.  As  Setuational  Consciousness  can  be  excited  by  **  Physical . 
tecedents,"  why  should  not  Ideational  and  Efnotional  f 

5.  Is  there  not  Psychological  as  well  as   Physiological  evid« 
that  the  excitement  of  the  Ideational  consciousness  is  the  result  < 
series  of  Physical  changes  taking  place  in  the  Cerebrum,  as  the 
of  a  Mechanism  created  by  its  preformed  Habits  ?    In  what  other 
are  the  facts  (admitted  by  Psychologists  of  all  schools)  to  he  accoui 
for,  which  indicate  the  snggestion  of  one  Idea  by  another  tlirou] 
chain  of  Associations,  some  links  of  which  He  outside  the  "sphers 
oonsciousness  ?  " 

$.  Is  it  conceivable  tbat  such  an  oftrrecurring  phenomenon  a 
loss  of  some  branch  of  acquired  Knowledge,  after  a  blow  on  the 
or  a  fever,  is  a  mere  coincidence  f    If  not,  on  what  other  hyi>otb( 
than  that  of  "  Physical  antecedence"  can  the  blow  be  the  caxtse  of 
Mental  effect  t 

7.  Is  there  not  as  much  evidence  that  "Physical  Antecedents** 
produce  Moral  Pleasure  and  Pain,  as  that  they  produce  Sais^ 
Pleasure  and  Pain  ? 

S,  If  in  amj  case  we  admit  Physical  antecedence  as  the  Causdi 
the  ordinary  language  of  Science)  of  Mental  Phenomena,  why  n< 
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'  caae  of  autornatio  Mental  activlly  ? — whether  X\m  be  left  alto- 
Iher  uncontrolled,  or  be  in  e abjection  to  the  will. 

When  a  series  of  Physical  sequences  comes  to  be  eBtabliehed  by 
ibitual  action  of  the  Cerebrum  in  particular  modes  directed  or 
per liiitted  by  the  Will,  is  it  not  consonant  to  all  Physiologicul  proba- 
ity  that  the  tendency  to  similar  sequences  should  be  liereditarily 
^TiBmitted,  like  the  tendency  to  bodily  habits  ? — Voniemparc^  Re^ 
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By  el  [AS  LEWLS. 

'K   the  vegetable  worlds  limits  of  growth  and   life  are  strangely 

diversified.     Multitudes  of  forms  mature  aud  perish  in  a  few  days 

or  Hours ;  while  others,  whose  beginning  was  in  a  remote  antiquity, 

We  survived  the  habitual  period  of  their  kind,  and  btill  enjoy  the 

^wtiriaDce  of  their  prime.     Some  species  of  unicellular  plants  are  so 

L  minute  that  millions  occur  in  the  bulk  of  a  cubic  inch,  and  a  floweritig 

|r plant  is  described  by  Humboldt,  which,  when  fully  developed,  is  not 

{more  than  three-tenths  of  an  inch  in  height.     On  the  other  hand,  we 

'^^vethe  great  Sequoia^  whose  mass  is  expressed  by  hundreds  of  tons, 

*iid  fipecimens  of  the  JSucalf/ptus^  growing  in  the  gulches  of  Australia, 

^furpftss  10  height  the  dome  of  St  Peter^s. 

Some  of  the  Fungi  mature  between  the  setting  and  rising  of  the 
I  fttii^  while  the  oak  at  our  door,  which  awakens  the  memories  of  our 
ifitildhood,  has  not  perceptibly  changed  in  bulk  in  half  a  century. 
I  Trees  grow  more  slowly  as  they  increase  in  age.  Kcvertheless,  it  is 
jcert^n  that  growth  continues  while  they  continue  to  live.  The  devel- 
|<T«tjent  of  foliage  implies  interstitial  activity  and  organiiiation  of  new 
Biweiial.  In  its  vital  processes  there  is  little  expenditure  of  force  or 
I ^«8t«  of  gnbstance.  Its  functions  are  essentially  constnictive,  and  its 
i  and  age  are  apparently  \^dlhout  limits,  excepting  such  as  arise 
IfiUTounding  conditions.  Thus  many  trees  represent  centuries, 
ive  a  permanence  that  is  astonishing  and  sublime.  Travellers 
pUmd  an^e-fftruck  before  the  monuments  which  for  forty  centuries  have 
l*^t  watch  by  the  Nile,  but  the  oldest  of  these  may  not  antedate  the 
ouB  dragon-tree  of  Teneriffe,  It  is  not  surprising  that  the  ancients 
l^ridered  trees  "  immortal,*'  or,  as  "  old  as  Time." 

But,  if  the  life  of  the  tree  is  continuous,  its  leaves — the  organs  of 
1^^  powth — bjive  their  periods  of  decay,  and  are  types  of  mortality* 
lie  life  of  man  is  likened  to  the  **  leaf  that  perishes,"     In  an  animal, 
•  vital  processes  are  carried  on  by  a  single  set  of  organs,  the  im- 
iient  of  which  limits  the  period  of  its  life.     With  the  tree,  decay 
vm.  m.^ — 21 
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of  the  organs  is  foUowed  by  constant  renovation,  nnA  the  foliugol 

:>ver^  it  the  ])ri'fteiit  summer  ib  us  now  and  a»  yoiinij  as  that 

"adorned   it  n  hundred  or  a  thousand  years  ago.     Trees  whiel 

tlieir   leaves  anmrnlly,  or  at   longer  intervals  as  do  the  ever 


or  Tinrs  or  Fib-Te«s,  waomtStQ  ram  Ajnur^L  Hnros  or 

grow  by  formatiou  of  new  wood  in  layers  upon  their  outer  sw 
jufit  berjeath  the  hark.     These  constitute  tlie  class  JixogenM^  orm 
growers,  as  sliuwri  in  Fig.  1.     This  plate,  with  others  used  to  illu 
this  article,  are  from   Figuiers  *'  Vegetable  World,"  and  have! 
placed  at  our  disposal  by  the  publishers  of  that  interesting  work 


A  layer  represents  the  growth  of  a  year.     Where  these  me  J 
ftible,  there  is  no  difficulty  in  ascertaining  the  age  of  a  tt^l 


^tkm  method  of  ascertaining  a  tree's  age  does*  not  apply  to  the 
•^  ID  vrbicli  the  growllj  is  iiitx^rnal,  as  shown  in  Fiir.  «* 
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Li  these  a  hard,  inflexible  shell  forms  around  the  inner  portioDS,  the 
tree  increases  little  in  diameter,  and  no  woody  layers  are  foond.  To 
this  class  belong  the  Patms^  of  which  Fig.  3  is  au  illnstration.  The 
age  of  this  class  of  trees  is  estimated  by  comparing  specimeiis  with 
others  whose  age  is  known,  or  from  an  ascertained  rate  of  growl 
The  oldest  palms  may  not  exceed  five  centuries,  and  their  ave: 
period  is  probably  less  than  20u  years.  The  height  of  the  tallest 
the  species  is  said  to  be  102  feet.  Trees  growing  in  dooBe  forests  aw 
comparatively  short-lived,  and  attain  less  bulk  than  those  in  open 
pliices,  wliere  side-branclieK  develop  in  the  unobstructed  rays  of 
sun.  In  similar  conditions  the  age  and  dimensions  attained  by 
of  each  species  are  tolerably  constant.  Thus  the  average  period 
oaks  and  pines  may  be  300  or  400  years ;  but  the  exceptions  o: 
numerous  and  wonderful,  that  we  shall  present  in  this  paper  a  few! 
the  most  interesting  and  best-authenticated  instances. 

Of  the  white-pines,  once  the  glory  of  the  New  England  foreate^ 
are  not  aware  that  any  have  been  found  more  than  430  years  old, 
have  we  any  oaks  of  extraordinary  age.     The  Charter-oak  at  Hi 
ford   may  have  been  a  small  tree  at  the  fii'st  settlement  of  New 
land.     The  Wadsworth  oak,  at  Geneseo,  >few  York,  is  said  to  be 
centuries  old,  and  27  feet  in  eircumferenoaat  the  base.     The  mi 
slow-growing  live-oaks,  of  Florida,  are  worthy  of  notice^  on  w^ 
of  the   enormons  length  of  their  branches.     Bartram  aays :  **  I  hi 
stepped  50  paces  in  a  straight  line  from  the  trunk  of  one  of 
trees  to  the  extremity  of  the  limbs," 

The  oaks  of  Europe  are  among  the  grandest  of  trees.  The  C 
thorpe  oak  is  78  feet  in  circuit  at  the  ground,  and  is  at  least  1,1 
years  old.  Another,  in  Dorsetshire,  is  of  equal  age,  Iti  We^tph; 
is  a  hollow  oak,  which  was  used  as  a  placf  of  refuge  in  the  troub] 
times  of  mediaeval  histnry* 

The  great  oak  at  Samtes,  m  Southern  France,  is  90  feel  in  gii 
ftud  has  been  ascertained  to  be  2,000  years  old.     This  monument^ 
lor  recently  flourishing,  commemorates  a  period  which   antedates 
first  camptiign  of  Julius  ('R»sar! 

The  oriental  plane-tree  is  noted  in  Kasteni  countries  for  its 
and  longevity.  Fig.  4  represents  one  near  Constantinople,  whi 
loo  feet  high,  and  150  feet  in  circuit.      It  has  been   s^  * 

this  is  really  a  group  of  trees  originally  planted  uein 
their  shade.     The  figure,  however,  hardly  confirms  that  opinion, 
many  trees  of  this  8|iecies  are  mentioned  by  travdlers  not  grcaUy 
ferior  to  this  one  in  dimensions. 

Most  of  the  old  plane-tree^  are  Iiollow,  their  tops  being  sastatl 
by  wood  of  recent  growth.     In  this  respect  an  exogenous  tree 
bles  a  coral-reef,  where  the  vitality  and  growth  are  at  the 
only. 

Of  chestnuts,  we  have  the  famous  one  at  Tortworth,  in  01< 
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cestersbire,  Eoglaiid,  whicb  was  a  .Aarge  tree  m  the  reign  of  King 
Stephen,  and  is  over  1,000  years  oltft.     Fig,  5  represents  the  '*  Great 
Chestnut  of  Mount  Etna,'^  consisting,  at  present,  of  what  appears  W    i 
be  sevoral  treee,  fragnaents  of  the  origiojil  one.     By  a  writer  m  tUH 
North  American  Jieview,  for  July,  1844,  these  are  supposed  lo  l^| 
shoots  from,  rather  than  portions  of,  the  old  tree,  jH 

Jean  Ilouel,  who  examined  the  trees,  says  "they  are  poniooa  ^B 
one  tree."  By  removing  the  soil,  the  outor  rim  of  the  tree  has  bo^H 
found,  and  the  circumference  ascertained  to  be  175  feet.  Other  che^H 
nuts  near  this  are  in  girth  64,  70,  and  72  feet  respectively.  ^M 

The  lime  or  linden,  in  Europe,  is  an  important  tree.     Those  iii  tqH 
town   of  Morat    are   celebrated  in  the  history  of  Switierland,    One 
was  planted  in  1476  to  commemorate  the  defeat  of  the  Burgundians, 
under  Charles  the  Bold ;  the  other  was  a  noted  tree  at  the  time  of  the 
battle,  and  is  now  near  nine  centnries  old.     But,  equally  lumous  is  the 
one  at  Wurtemberg,  called  the  *'  Great  Linden,"  six  centuries  ago.   1^ 
is,  probably,  1,000  years  old,  and  measiires  35 J  half  feet  in  girt^| 
Four  and  a  half  centuries  ago  its  branches  were  supported  by  C7  di^M 
umns  of  stone,  now   increased  to   106,  nniny  of  which  are  "cover^H 
with  inscriptions.'^  ^M 

The  well*known  olive-tree  iis  associated  with  our  most  eherisll^H 
reeollections.  There  is  an  old  one  near  Nice,  24  feet  in  girtb,  |^| 
garded  by  the  inhabitants  wdth  great  interest.  Those  on  the  MoO^| 
of  Olives  may  be  contemporary  with  the  Christian  era.  They  ^^M 
known  to  have  been  in  existence  in  1217,  when  the  Turks  caplQ^H 
Jerusalem.  ^M 

The  evergreen  cypress,  long  celebrated  for  its  longevity,  la  Ab^| 
dant  in  the  burial-grounds  of  Eastern  nations^  and,  from  it  dl^| 
dense  foliajn:e,  forms  an  imprefisive  feature  of  Oriental  landscapea;  ^H 
the  Palace  Gardens  of  Granada  are  cypresses  said  to  be  800  years  O^H 
and  there  is  one  at  Somma,  in  Lonibardy,  proved  by  authentic  ^4^H 
ments  "  to  have  been  a  considerable  tree  40  years  before  the  Ch^H 
tian  era."  Of  this  family  of  trees  is  our  well-known  white  eed^H 
specimens  of  which,  exhumed  from  the  meadows  on  the  coast  of  K^| 
Jersey,  had  from  700  to  1,000  rings  of  wood  solid  and  fragx|^^| 
if  of  recent  growth.  ^^^H 

The  cedars  of  Lebanon  are  often  referred  to  in  the  Sacred  WmH^H 
The  present  trees  are,  we  believe,  seven  large  ones,  with  many^H 
smaller  growth,  situated  in  an  elevated  valley  of  the  Lebanon  Mo^f 
tains,  6,172  feet  above  the  Mediterranean.  The  valley  is  surroundl^l 
by  peaks  of  the  mountains,  which  rise  3,000  feet  higher,  and  are  C4^| 
ered  with  snow.  Fig*  6  may  give  some  idea  of  their  massive  gf^H 
denr.  De  Candolle  supposes  the  oldest  are  1,200  years  old^  but  IB 
sections  of  their  wood  have  been  examined  to  determine  their  age. 
The  cedar  h  known  to  grow  slowly,  as  does  the  North  American  or 
bald  cypress,  which  we  will  next  notice.     This  tree  is  common  in  oar 
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Southern  States,  and  its  rate  of  growth  has  been  detertnined.     On  i\ne  , 
Mexican  table-lands  its  growth  and  antiquity  are  immense. 

The  *'  Cyprt^sa  of  Montezuma,"  near  the  city  of  Mexico,  m  44  f« 
in  girth,  and  its  age  is  estimated  at  upward  of  twenty  centuries, 
the  church-yard  of  Santa  Maria  del  Tule,  in  the  Mexican  State 
Oaxaca,  is  a  cypress   which  **  measures  112  feet  in    circuit,  and 
without  sign  of  decay."     At  Palenque  are  cypresses  grow  i 
the  ruins  of  the  old  city,  whose   streets  they  may  have  shai  itf 

days  of  its  pride.     By  the  usual  methods,  the  writer  in  the  Nc 
American  Meview  calculates  the  age  of  the  cypress  at  Santa  Mazia  < 
Tule  at  5,124  years,  or,  if  it  grew  as  rapidly  during  its  whole  lifel 
similar  trees  grow  when  young,  it  would  still  he  4,024  years  old* 

The  yew  has  long  been  used  in  Great  Britain  as  an  adommenij 
places  of  sepulture,  and  is  often  referred  to  in  English  literature : 

■  *'  Beneath  these  rugged  elms,  that  yew-tree V  shade. 

■^  Where  heavoa  the  turf  in  many  a  moiddftring  heap.** 

This  tree,  of  almost  imperishable  wood,  is  indigenous  lo  Ur 
Britain*     De  Candollc  ascertained  its  rate  of  growth,  and  concla 
that  individual  specimens  are  of  great  antiquity.     There  is  a  yewj 
r  Ankerwyke  House,  older  than  Magna  Charta,     It  was  an  old  and  < 
Ibrated  tree  when  King  John  met  the  barons  at  Runnymede,  in  I2lj 
and  its  age  is  upward  of  eleven  centuries;  but  the  yews  of  Foant 
Abbey   and  the  Darley    yew  are  from   three  to  five  centortee  oli 
than  this.     In  Fortingal  Church-yard,  Perthshire,  is  a  yew  18! 
diameter,  through  decayed  portions  of  which  funeral  pi  * 

on  their  way  to  the  grave.     The  age  of  this  tree  is  estm 
years.    But  of  greater  antiquity  is  the  one  described  by  Evelyn,  wli 
stood   in  Braborne   Church-yard,  in   Kent*     It  measured  69  fi^etj 
girth,  and  was  believed  to  be  2,600  years  old.     This  tree,  which  I 
long  disappeared,  was  probably  contemporary  with  the  fouinlijif  I 
Rome.     The  growth  and  decline  of  a  great  empire  ws»  spuunf^il  bv 
duration  of  a  single  life. 
L       >tore  immense  in  bulk,  but  perliaps  not  older  than  tht 
ptnoimments,  are   the  pines  of  Oregon  and  the  Sequoias  of  CaH 
Mr.  Douglas  counted  1,100  annual  layers  in  a  Lambert  pine,  aotfl 
feet   is  not  an   unusual  height  for  the  Douglas  spruce,     Datf 
states  that  a  S^quoia^  which  was  blown  down  and   measured 
was  435  feet  in  length.     It  was  18  feet  in  diameter  300  feet  f i-om ' 
ground.     Scientific  observation  has  connected  with  these  tTfes  aa  | 
teres t  equal  to  that  awakened  by  their  size  and  age.     Our  motft  j 
ringnished   botanist,  Prof,   Gray,  !»as  shown  that  the  >■ 
growing  on  a   limited   area,  had   formerly  a  wide  diM 
are  lineal  descendants  from  ancestral  types  which  flourished  at  te 
as  far  back  in  geologic  time  as  the  Cretaceous  age.      The  dip 
has    been    with   modifications   furnishing    an    important    link  in 
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chain  of  evidence  which  establishes  the  clcrivativt*  origin  of  spccii 
forme. 

Profl   Gruy  thinks  the  age  of  the  oldest   living  iSaquoia  may  b^ 
about  2^000  yeiu's,  and  remarks:  ^*  It  is  probable  that  close    to 
heart  of  some  of  the  living  trees  may  be  found  the  circle  which  reoor 
the  year  of  our  Saviour's  nativity.'*     Fig,  7  is  a  representation  of  tlj 
Saqtioia. 

The  sacred  banian,  before  noticed,  is  familiar  to  every  reader. 
main  trunk  attains  a  diameter  of  from  30  to  30  feet,  and  ita  enormo 
roof  of  foliage  may  shelter  the  inhabitants  of  a  considerable  villag 
The  pendent  branches  are  really  roots,  which,  on  reaching  the  groun 
penetrate  it  and  form  trunks.  These  correspond  with  the  outer  laye 
of  wood  in  an  oak  or  a  pine,  and  sustain  the  top,  although  the  origii 
trunks  decay  and  disappear. 

The  dragou'tree  of  Orotava,  on  the  island  of  Teuerifie,  is  a 
known  and  historic  tree.     Our  representation  of  it  (Fig,   8)  is  fromj 
drawing  made  in  1776.     Twice  during  the  present  century  it  has 
dismantled  by  storms.     It  is  but  60  feet  high,  but  *i8  79  feet  in  ci 
fereuce.     So  slow  is  its  growth  that  its  diameter  had  scarcely  cfi 
in  400  years.    Kecently  it  bore  flowers  and  luxuriant  foliage,  as  it  1 
have  done  before  the  *^  isles  of  the  Western  Ocean,"  on  one  of  which 
was  growing,  were  a  drt^am  in  the  Grecian  mythology. 

The  baobab,  or  monkey  bread-fruit,  is  the  last  we  can  notice  oft 
ancient  trees.     It  was  first  described  by  a  Venetian  traveller  in  lA 
Fig.  9  is  from  a  photograph  of  one  on  the  west  coast  of  Africa, 
treeii  are  found,  however,  in  nearly  all  portions  of  that 
of  the  Desert,  everywhere  an  imposing  feature  of  the   i 
objects  of  regard  if  not  of  reverence  by  the  natives.   In  the  rainy  \ 
they  are  in  full  luxuriance,  and  are  covered  with  cup-shaped  tloweri  < 
inches  in  diameter.     The  trunks  grow  from  20  to  00  feet  high,  bat  I 
flometimeB  100  feet  in   circuit  at  the  ground.     The  baobabs,  like  i 
otlier  trees,  grow  rapidly  when  young,  but  slowly  when  old.     Rc'C 
estimates  attribute  to  some  of  the  oldest  a  period  of  3,000  yeara. 
ie  scarcely  more  than  one-half  the  age   assigned  to  them    by 
writers. 

In  1832  a  baobab  was  transplanted  into  a  garden  at  C« 
which  grew  as  much  in  40  years  as  would  have  required  100  y< 
early  estimate.  An  account  of  this  tree  is  published  in  N€Uu 
Leben,  No.  1,  1873. 

By  the  native  toira  of  Shupauga,  near  the  Zambesi,  in 
Africa,  is  a  venerable  baobab,  beneath  which  is  the  grave  of  ^Irs. 
ingstone. 

Such,  biietly,  are  some  of  the  great  living  monuments  of  the  y 
table  kingdom.     In  longevity  they  are  in  striking  contrast  with  hig 
types  of  life.     Fixed  to  a  single  spot,  the  tree  is  what  it  is  becan 
the  forces  which  act  upon  it.     It  is  a  monument  of  accumulate 
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concentrated  force.  Transmuted  Bunlight  is  in  all  its  fibres,  and  who 
shall  estimate  the  dynamic  work  which  has  been  expended  in  its 
stractore  ? 

Dr.  Draper  observes  that  ^'  the  beat  of  a  pendulam  occupies  a  sec- 
ond of  time ;  divide  that  period  into  a  million  of  eqnal  parts,  then  divide 
each  of  these  brief  periods  into  a  million  of  other  equal  parts,  a  wave 
of  yellow  light  during  one  of  the  last  small  intervals  has  vibrated  535 
times.  Yet  that  yellow  light  has  been  the  chief  instrument  in  building 
the  tree."  In  the  delicate  texture  of  its  leaves  it  has  overcome  molec- 
ular force ;  it  has  beaten  asunder  the  elements  of  an  invisible  gas,  and 
inaugurated  a  new  arrangement  of  atoms.  The  old  dragon-tree  rep- 
resents forty  centuries  of  this  dynamic  work — a  sublime  monument 
reared  without  toil  by  the  silent  forces  of  Nature ! 

In  the  outer  air  it  has  awakened  every  note  of  sound,  from  the 
softest  monotone  to  the  rhythmic  roar  of  the  tempest ;  but  in  its  inner 
chambers  has  been  a  murmur  and  music  of  life  in  the  ceaseless  move- 
ment of  fluids  and  marshalling  of  atoms,  as  one  by  one  they  take  their 
place  in  the  molecular  dance,  which  eludes  the  dull  sense  of  hearing, 
and  becomes  obvious  only  in  results.  The  veil  which  hides  these  ulti- 
mate processes  of  life  has  not  yet  been  lifted,  and  Science  pauses  io 
waiting  before  it,  but  only  waits. 


EAKLY  HINDOO  MATHEMATICS. 

Bt  Prof.  EDWARD  S.  HOLDEN, 

OF  THE  NATIONAL   OBBBRVATOBT,   WABHIKOTOIT. 

THERE  is  a  certain  fascination  in  our  scanty  knowledge  of  tbe 
elder  nations  of  the  earth,  which  is  due  quite  as  much  to  thdr 
chronological  position  as  to  the  intrinsic  interest  of  their  doings  and 
sayings ;  and  it  owes  not  a  little  of  its  keenness  to  the  very  scantine» 
of  that  knowledge. 

We  are  continually  told  that  this  is  a  practical  century ;  that  W« 
are  utilitarians  in  the  strictest  sense ;  tliat  there  is  no  romantic  &cultf 
left  to  us ;  that  we  are  apt  to  scorn  all  knowledge  which  has  not » 
direct  practical  bearing  on  the  daily  life  and  interests  of  us  alL  How 
can  we  believe  this  when  we  would  so  eagerly  hear  of  the  autono* 
my  of  the  Aztecs,  and  while  we  care  so  little  for  modem  Chili,  ftr 
example  ? 

We  can  speak  with  more  interest  of  Kamac  than  of  Bogotft,  9^ 
a  mummy  is  dearer  to  us  than  a  Mongolian.  We  require  our  thought 
to  be  suggested  sometimes  by  an  age  of  old  and  quaint  habits,  rf 
strange  people  with  stranger  gods.  In  our  busy  life,  it  is  a  relief  t* 
turn  to  the  Hindoo,  who  could  spare  the  time  "  to  sit  beneath  the  W 
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eomeiuplate  his  own  perfections,"  or  to  the  Egyptian  wbo  evolved 
^pyramids,  and  obelisks,  aod  avenues  of  Bpliinxes,  out  of  his  infinite 
Bare- 
There  are  always  **  the  complaining  ones,"  for  whom  the  times  are 
stale,  who  would  lament  with  Sir  Tliomas  Browne  that  "mummy  is 
come  merchandise,  Mizraim  cures  wounds,  and  Pharaoh  is  sold  for 
I fcalsams ;  *'  but  they  forget  that  the  great  nineteenth  centui7  buys  its 
nammies  in  order  to  have  a  good  look  at  them,  and  that  it  studies  the 
ta  Stone  out  of  pure  in  t  ere  si ,  and  to  make  no  money. 
Silt  the  real  interest  of  former  ages  is  the  study  of  their  manner 
thought.  We  study  what  they  thought  to  determine  how  they 
IklioQght  it.  We  have  an  immense  and  vague  curiosity  to  connect  our 
ImbdB  with  the  minds  of  long  ages  ago.  Half  the  fascination  of  Dar- 
Iwin,  Tylor,  Lubbock,  and  Wilson,  is  from  this  cause. 

It  piques  U6  to  know  that,  sijcteen  hundred  years  before  our  era, 
there  was  a  poet  who  sang : 

*'  Like  ad  a  plank  of  drift-wood 
Tossed  on  th©  watery  main, 
Another  plank  encounters, 
Meets — tonches — parts  again  ; 
So,  toss^,  and  drifting,  ever 
On  lifers  unresting  sea, 
Men  meet,  and  greet,  and  sever, 
Parting  eternally/'  * 

This  surely  is  not  the  verse  of  a  primitive  people ;  these  are  not 
l^e  feeble  lispings  of  the  infants  of  our  race;  did  it  not  require  time 
1*0  accustom  the  Hindoo  mind  to  similes  as  complex  as  these?  This 
^«nM?  would  not  seem  childish  if  Tennyson  had  written  it;  it  appeals 
^  aa  deep  a  consciousness  as  Coleridge's  **Hymn  in  the  Vale  of 
Cbimounix,*'  and  would  even  bear  comparison  with  the  **  Peter  Bell  '* 
of  the  greaf  Lake  poet. 

If  this  people  was  bo  old  thirty*four  hundred  yearg  ago,  when  was 
jit  young?     We  begin  to  believe,  with  Biiilly,' in  the  existence  of  "ce 
aple  ancten  qui  nous  a  tout  appris,  except^  eon  nom  et  son  exist- 

It  may,  then,  be  interesting  for  us  to  glance  at  the  state  of  sctence 
'  iojong  these  predecessors  of  ours.  But  let  us  remember  that  we  are 
J^pplying  a  severe  test,  when  we  compare  their  progress  with  the 
wience  of  to-day.  Let  us  remember  that  it  is  only  within  a  hundred 
Tears  that  t  he  return  of  comets  has  been  predicted ;  that  our  knowl- 
edge of  the  constitution  of  the  sun  has  been  gained  since  1869;  that 
Newton  has  been  dead  only  147  years,  and  that  Lagrange  and  La- 

***Book  of  Good  CouacOs:   written  in  Sanacrit,  b.  c,  1500;^'  truDsliUcd  bj  Edwin 
Arnold,  M.  A.»  Oxford,  1861. 

*  '*  This  sncient  people  who  h&ve  tAiiglit  ub  everj  tblng  but  their  own  Ti&nie  ftsd  tbeir 
0«D  exiat«iice.'* 
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place  both  'lived  and  worked  in  our  own  century.  When  we  consider 
what  astronomy  would  be  without  these  three  great  men — that  is, 
what  it  was  only  so  few  years  ago — we  are  better  prepared  to  appre- 
ciate the  studies  which  laid  the  remote  foundations  of  their  triumphs. 

It  would  be  impossible,  within  moderate  limits,  to  determine  the 
value  of  Hindoo  cuftronomf/j  however  interesting  the  effort  might  be, 
since  we  should  enter  at  once  into  debateable  ground,  and  oome  among 
great  authorities  in  conflict. 

Bailly,  Delambre,  Bentley,  Davis,  Hunter,  Sir  William  Jones, 
and  others,  have  various,  often  contradictory,  beliefs  to  maintain. 
Some  are  partisans  of  the  Greek,  some  of  the  Arab,  others  of  the 
Hindoo  scientists  of  long  ago.  But,  fortunately,  some  of  the  original 
manuscript  books  of  the  Hindoos  have  come  down  to  us :  among  others 
various  complete  treatises  on  mathematics,  and  these  are  authentic  and 
of  great  age.  Precisely  of  how  great  age  it  is  difficult  to  ascertain. 
Bailly,  a  Hindoo  partisan,  accepts  the  largest  estimate;  Delambre, a 
detractor  of  Hindoo  science,  and  an  advocate  of  the  Greek,  believes 
the  most  important  of  them  to  have  been  written  about  a.  d.  1114; 
while  the  translator  of  this  manuscript,  Colebrooke,  a  distinguished 
Sanscrit  scholar,  places  the  date  of  writing  in  a.  d.  1150. 

This  treatise,  the  '^Lilivatl"  of  Bh&scara  Ach&rya,  is  supposed  to 
have  been  a  compilation,  and  there  are  reasons  for  believing  a  portion 
of  it  to  have  been  written  about  a.  d.  628.  However  this  may  be,  it  is 
of  the  greatest  interest,  and  its  date  is  sufficiently  remote  to  give  to 
Hindoo  mathematics  a  respectable  antiquity. 

Tlie  "  Lflivati,"  according  to  Delambre,  was  written  to  console  the 
daughter  of  its  author  for  her  ill-success  in  obtaining  a  husband,  and 
it  speaks  well  for  the  Hindoo  gentlewoman  that  such  a  means  could  he 
considered  worth  the  attempting.  It  was  called  by  her  name,  and 
many  of  the  questions  are  addressed  to  her,  as  we  shall  see. 

It  opens  most  auspiciously  with  an  invocation  to  Ganesa^  as  follows: 
"  Having  bowed  to  the  Deity  whose  head  is  like  an  elephant's ;  whose 
feet  are  adored  by  gods  ;  who,  when  called  to  mind,  relieves  his  vota» 
ries  from  embarrassment,  and  bestows  happiness  upon  his  worship- 
pers ;  I  propound  this  easy  process  of  computation,  delightful  by  ita 
elegance,  perspicuous  with  words  concise,  soft,  and  correct,  and  pleasing 
to  the  learned." 

Thus  fairly  launched,  the  author  gives  various  tables  of  Hindoo 
moneys,  weights,  etc.,  and  proceeds  to  business,  not  without  another 
invocation,  however,  shorter  this  time :  "  Salutation  to  Ganesa,  re- 
splendent as  a  blue  and  spotless  lotus ;  and  delighting  in  the  tremo- 
lous  motion  of  the  dark  serpent,  which  is  perpetually  twining  within 
his  throat." 

The  principles  of  numeration  and  addition  are  then  stated  con- 
cisely, and  he  affably  propounds  his  first  question :  "  Dear,  intelligent 
Lflivatf,  if  thou  be  skilled  in  addition  and  subtraction,  tell  me  the  sma 
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32,  193,  18,  10,  and  100,  added  together;  and  the  remainder 
eir  sum  is  subtracted  from  10,000.'' 
He  then  rapidly  plunges  into  multiplication  as  follows :  *'  Exam- 
L  Beautiful  and  dear  Lillvatf,  whose  eyes  are  like  a  fawn's  !  tell 
what  are  the  numbers  resulting  from  135  taken  into  12  ?  ,  . ,  .  Tell 
I  aaspicious  woman,  what  is  the  quotient  of  the  product  divided  by 
same  multiplier  ?  " 

The  treatise  conttnues  rapidly  through  the  usual  rules,  but  pauses 
the  reduction  of  fractions  to  hold  up  the  avaricious  man  to  scorn  : 
te  qaarter  of  a  sixteenth  of  the  fifth  of  three-quarters  of  two-thirds 
loiety  of  a  dramma  was  given  to  a  beggar  by  a  person  from 
he  asked  alms  ;  tell  me  how  many  cowry-shells  the  miser  gave 
tlou  be  conversant  in  arithmetic  with  the  reduction  termed  8ub<li- 
ion  of  fractions." 

The  **  venerable  preceptor,"  as  Bh&scara  calls  himself,  illustrates 
ut  he  terms  the  rule  of  supposition  by  the  followbg  example :  "  Out 
a  swarm  of  bees,  one-fifth  part  settled  on  a  blossom  of  Cadamba  ^ 
one-third  on  a  flower  of  jSUmd^kri ;  three  times  the  difference  of 
numbers  flew  to  the  bloom  of  a  Cutqja,  One  bee  which  re- 
lined,  hovered  and  flew  about  in  the  air,  allured  £it  the  same  moment 
the  pleasing  fragrance  of  a  jasmin  and  pan  dan  us.  Tell  me,  charm- 
woman,  the  number  of  bees." 

Thia  example  is  sufficiently  poetical,  but  there  is  given  a  section  on 
ereit,  and  one  on  purchase  and  sale  for  merchants.  It  is  easily 
^MBat  this  arithmetic  varies  but  little  from  that  taught  in  our  eom-^ 
PHnhools  to-day.  The  processes  are  nearly  the  same,  and  the  ad- 
rauoe  of  the  Hindoos  in  this  science  is  due  largely  to  their  admirable 
ntem  of  notation,  viz.,  that  called  the  Arabic,  which,  however,  was 
■doubtedly  derived  by  the  Arabs  from  Hindoo  teachers,  as  is  admitted 
Vf  the  best  authorities. 

The  next  section  of  the  hook  is  occupied  with  a  kind  of  arithmetical 

ietry,  which  has  for  its  basis  the  relation  between  the  squares  of 

m  of  a  right-angled  triangle.     The  demonstration  of  this  oele- 

tbeorem  is  given  both  geometrically  and  algebraically  by  one 

he  commentatorff.    This  algebraic  demonstration  is  so  short  and 

tliat  it  will  be  given  :    If  C  and  D  are  the  greater  and  less 

A  right-angled  triangle,  and  B  the  hypothenuse  whose  greater 

\em  segmeDta  are  c  and  d,  then — 

B  :  C  =  C  :  o    or    c  =  C^* 
B:D  =  D:d  or    d=D* 


Therefor©  B  =  c  -f  d  =£»+ D^*  and  B*  =  C*+  D*. 

B      B 

if  noteworthy  that  Wullis,  in  his  "  Treatise  on  Angular  Seclions,** 
rot.  111.-23 
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(Chapter  YI,),  gives  ibis  demonstration,  and  supposes  it  to  be  given  foi 
the  first  time. 

The  Iliiidoos,  however,  were  not  skilled  in  geometry.  One  of  tbcij 
authors  even  chides  another  for  attempting  to  prove  georaetricallj 
what  can  be  seen  by  experience.  One  of  the  aphorisms  of  the  pre«eal 
treatise  is  as  folloTvs  ;  "  That  figure,  though  rectilinear,  of  which  ddei 
are  proposed  by  some  presumptuous  person,  wherein  one  side  equals 
or  exceeds  the  sum  of  the  other  sides,  may  be  known  to  be  no  figon 
and  the  proof  of  this  ia  thu«  given,  "  Let  straight  rods,  of  the  lengt 
the  proposed  sides,  bo  placed  on  the  ground,  and  the  incongruitj  i 
be  apparent*" 

The  geometry  of  the  circle  in  "LOivatf"  is  the  best  feature  of  ll« 
book  on  plane  figures.  The  "  rule  "  of  the  text  is  that  the  ratio  of 
the  diameter  to  the  circumference  is  H^,  or  3.1416  exactly. 

This  is  given  in  the  text  without  demonstration,  but  one  of  tb« 
commentators  thus  establishes  it :  the  side  of  the  inscribed  hexagon  ii 
first  found  to  be  equal  to  the  radius ;  the  side  of  the  dodecagon  is  de* 
rived  from  this ;  *'  from  which,  in  like  manner,  may  be  found  the  sWb 
of  a  polygon  with  twenty-four  sides  ;  and  so  on,  doubling  the  miuiber 
of  sides  in  the  polygon  until  the  side  be  near  to  the  arc.  The  bxtm  A 
such  sides  will  be  the  circumference  of  the  circle,  nearly."  The  sii4* 
of  the  polygon  of  three  hundred  and  eighty-four  sides  is  ioim^wAm 
the  ratio  given  above  is  deduced. 

The  explanation  of  the  method  of  finding  the  area  of  the  ( 
somewhat  indirect,,  and  is  likewise  ingenious.     The  circle  is  di? 
into  two  semicircles  by  a  diameter;  if  this  diameter  is  14,  tht- 
circumference  is  equal  to  21||-f^.     Suppose  a  number  of  radii  dn 
and  the  semi-circumference  developed  into  a  right  line ;  each 
the  circle  will  become  a  saw-shaped  figure  (Fig.  1)  ;  placing  these  \ 


half  I 


Fio.  i. 


Fra.  8. 


iM3 


gether,  we  should  have  a  rectangle,  Fig.  2,  of  equal  area  with  the  < 
This,  of  course,  leads   to  the  formula,  tst*  area  circle  =  2TTr*r^=^ 

i        1 

To  find  the  surface  of  the  sphere,  and  its  contents,  similar  methodal 
employed* 

The  following  sections  are  concerned  with  some  practical  qq 

as  the  determination  of  the  number  of  boards  which  can  be  cH 
prism  of  wood,  the  nnmber  of  measures  of  grain  in  a  mound,  and 
mulos  for  the  length  of  the  shadows  of  gnomons.     Sections  on  the  I 
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of  permutations  follow  which  are  sutficiently  obscure,  and  the 
treatise  concludes  with  the  neat  sentiment  that  **joy  and  happiness  is 
id<;ecl  ever  increasing  in  this  world  for  those  who  have  Lilivati  clasped 
to  their  throats.  .  .  ." 
Next  follows  the  "  Vija-Ganita,"  a  treati&e  on  algebra,  of  which 
loe  the  author  observeB :  "  Neither  is  algebra  consisting  in  sym- 
lis  Dor  are  the  several  sorts  of  it,  analysis.  Sagacity  alone  is  the 
lef  analysis :  for  vast  is  inference," 

The  methods  of  Hindoo  algebra  are  rude.  Positive  quantities  have 
sign,  while  negative  ones  are  distinguished  by  a  dot.  For  the  un- 
lown  quantities  the  different  colors  are  used,  and  the  initial  lettrcrs 
their  nanjes  are  placed  in  an  equation.  Eqtiality  must  be  expressed 
words,  for  the  sign  was  first  used  by  Robert  Recorde,  who  says, 
Kg  two  things  can  be  more  equal  than  a  pair  of  parallel  lines.'* — 

Equations  of  the  first  and  second  degree  are  treated  of,  but  with 
urity. 
is  noteworthy  that  at  least  two  references  are  made  in  this 
to  older  authors,  which  deserve  quotation  as  showing  the 
[re  of  problems  previously  proposed. 

Example,  by  ancient  authors.     Five  doves  are  to  be  had  for  three 
\nas ;  seven  cranes  for  five;  nine  geese  for  seven;  and  three  pea- 
Its  for  nine :  being  a  hundred  of  these  birds  for  a  hundred  drmnmas 
the  prince's  gratification*" 

*' Example  by  an  ancient  author.     What  number  multiplied  by 
and  having  one  added  to  the  product  becomes  a  cube :  and  the 
root  squared  and  multiplied  by  three  and  having  one  added,  be- 
A  square  ?  ** 

ngh  has  been  given  to  show  that  the  Hindoo  mind  was  apt  at 
kthemattcal  logic,  and  to  exhibit  the  characteristic  grace  of  fancy 
th  which  it  regarded  science. 

Arithmetic,  when  the  world  was  yonng,  was  not  inconsistent  with 
icy  and  with  enjoynient.  Algebra  was  regarded  with  a  certain 
le.  We  cannot  better  illustrate  this  than  by  one  more  quotation 
ftm  the  translation  by  Colelirooke  of  the  "  Vija-Ganita  :  " 
**  There  is  no  end  of  instances^  and  therefore  a  few  only  are  ex- 
cited* Since  the  wide  ocean  of  science  is  difficultly  traversed  by 
i  of  tittle  understanding,  and,  on  the  other  hand,  the  intelligent 
«  DO  occasion  for  copious  instruction,  a  particle  of  tuition  con- 
science to  a  comprehensive  mind,  and,  having  reached  it,  ex- 
Ift  of  itA  own  impulse.  .  .  .  The  rule-of-three  terms  conatitute 
tlimetie ;  and  sagacity,  algebra.^* 
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THE  STUDY  OF  SOCIOLOGY. 

Bt  bebbeet  bpenceb, 

XIL— 7^  Theological  Bias. 

W'HAT  a  log  for  hell-fire  1"  exclaimed  a  Wahabee,  on 
ing  a  corpulent  Hiudoo.  Tliis  illustration,  startling  hj  itfl 
Btreugth  of  expression,  wliicli  Mr,  Gifford  Palgrave  gives'  of  the  be- 
lief possessing  these  Mohammetlan  fanatics,  prepares  us  for  their  gen- 
eral mode  of  thinking  about  God  and  man.     Uere  is  a  sample  of  it: 

**  When  'AM-el-Lateef,  a  Wahftbee,  was  preaching  one  4ay  to  the  peopl* 
of  Riftd,  he  recounted  the  tradition  according  to  which  Habomet  deelar^  tbit 
hts  followers  aboiiJd  divide  into  aerentj-tbree  sects,  and  that  aeventj-^wo  wm 
destined  to  hell-^re,  and  one  only  to  Paradise.  *  And  what,  O  messeDger  of 
God,  are  the  Bigna  of  that  happy  sect  to  which  ia  insared  the  exclusiire  pcastf- 
aion  of  Paradijse  ?  *  Whereto  Mahomet  had  replied,  *  It  ia  those  who  shall  be  in 
all  contbrmaye  to  inyaelf  and  to  my  companions,'  *  And  that,"  added  ^Alxlnil* 
Lateef,  lowering  hi»  voice  to  the  deep  tone  of  conviction,  *  that,  by  the  mewj 
of  God,  are  we^  the  people  of  Riad.* "  ' 

For  present  purposes  we  are  not  so  pauoh  concerned  to  observe  the 
paralleliBm  betw^een  this  conception  and  the  conceptions  that  have 
been,  and  are,  current  among  sects  of  Christians,  as  to  observe 
effects  produced  by  such  conceptions  on  men^s  views  of  those 
have  alien  beliefs,  and  on  the  views  they  are  led  to  form  of  alien  i 
ties.  What  extreme  misinterpretations  of  social  facts  result 
the  theological  bias  may  be  seen  still  better,  in  a  case  even  mote 
markable. 

By  Turner,  by  Erskine,  and  by  the  members  of  the  United 
Exploring  Expedition,  the  characters  of  the  Samoans  are,  as  compft 
with  the  characters  of  the  uncivilized  generally,  very  favorably  < 
scribed.  Though,  in  common  with  savages  at  large,  they  are  said  1 
be  '*  indolent,  covetous,  fickle,  and  deceitful,"  yet  they  are  also  aaidl 
be  "  kind,  good*huraored,  .  .  .  desirous  of  pleasing,  and  very  hotp 
ble*  Both  sexes  show  great  regard  and  love  for  their  children;* 
age  is  much  respected*  "A  man  cannot  bear  to  be  called  stingy  I 
disobliging/'  The  women  "  are  remarkably  domestic  and  virtue 
Infanticide  after  birth  is  unknown  in  Samoa,  **  The  treatment  of  1 
sick  was  ,  .  .  invariably  humane  and  all  that  could  be  expects 
Observe,  next,  what  is  said  of  their  cannibal  neighbors,  the  FijiJ 
Tliey  are  indifferent  to  human  life  ;  they  live  in  perpetual  dread  of  <i 
another ;  and^  according  to  Jackson,  treachery  is  considered  by  ib^ 
'  aji  accomplishment.     **  Shedding  of  blood  is  to  him"  (the  Fijian)  ' 

'  "  Journey  through  Ceninl  and  Eastern  Arabia,"  vol  B.,  p.  B70. 

•  n>id,,  voi.  ii..  p.  aa. 
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rinae,  but  a  glory,"    They  kill  tbe  decrepit,  maimed,  and  sick*    While, 
m  the  one  hand,  infanticide    covers  nearer  two-thirds  than  one-half 
Df  the  births,  on  the  other  hand,  **  one  of  the  first  lessons  taught  the 
infant  is,  to  etrike  its  mother  : "  anger  and  revenge  are  fostered.     In- 
tenors  are  killed  for  neglecting  proper  salutes  ;  shives  are  buried  alive 
with  the  posts  on  which  a  king's  house  stands  *  and  ten  or  more  men 
are  slaughtered  on  the  decks  of  a  newly-launched  canoe,  to  baptize  it 
with  their  blood.     A  chiefs  wives,  courtiers,  and  aides-de-camp,  are 
strangled  at  his  death — being  thereby  honored.     Cannibalism  is  so 
itmpant  that  a  chief,  praising  his  deceased  son,  wound  up  his  eulogy 
^^ging  that  he  would  **  kill  his  own  wives  if  they  oftended  him,  and 
^^Kboi  afterward.''     Victims  were  sometimes  roasted  alive  before 
BBSg  eaten  ;  and  Tanoa,  one  of  their  chiefs,  cut  off  a  cousin's  arm, 
Pbank  the  blood,  cooked  the  arm  and  ate  it  in  presence  of  the  owner, 
who  was  then  cut  to  pieces.     Their  gods,  descril>ed  as  having  like 
characters^  commit  like  acts.     They  eat  the  souls  of  those  who  are  de- 
voured by  men,  having  first  "  roasted  "  them  (the  "  souls  "  being  sim- 
ply material  duplicates).     The  Fiji  gods  "  are  proud  and  revengeful, 
_ind  make  war,  and  kill  and  eat  each  other;"  and  among  their  names 
Pfe  "  the  adulterer,"  "  the  woman-stealer,"  "  the  brain-eater,"  "  the 
ttttirderer."     Such  being  the  account  of  the  Samoans*  and  such  the 
account  of  the  Fijians,  let  ns  ask  what  the  Fijians  think  of  the  Sarao- 
|p».    "  The  Feegeeans  looked  upon  the  Samoans  with  horror,  because 
Bkey  had  no  religion,  no  belief  in  any  such  deities"  (as  the  Feegeean), 
poor  any  of  the  sanguinary  rites  which  prevailed  in  other  islands"  ^ — a 
'^t  quite  in  harmony  with  that  narrated  by  Jackson,  who,  having  be- 
J»ved  disrespectfully  to  one  of  their  gods,  was  angrily  called  by  them 
Pthe  white  infidel" 

■    Any  one  may  read,  while  running,  the  lesson  conveyed;  and,  with- 

Bn  stopping  to  consider  much,  may  see  its  application  to  the  beliefs 

l«4  sentiments  of  civiliKcd  races.     The  ferocious   Fijiau   doubtless 

Wnks  that,  to  devour  a  human  victim  in  the  name  of  one  of  his  can- 

ftih&l  gods,  is  a  meritorions  act  j  while  he  thinks  that  his  8amoan 

J^ighhor,  wlio  makes  no  sacrifices  to  these  cannibal  gods,  but  is  just 

^<3  kind  to  hi**  fellows,  thereby  shows  that  meanness  goes  along  with 

Wp'  shocking  irreligion.     Construing  the  facts  in  this  way,  the  Fijian 

•to  form  no  rational  conception  of  Samoan  society.     With  vices  and 

BwtueR  interchanged  in  conformity  with  his  creed,  the  benefits  of  cer- 

Wn  social  arrangements,  if  he  thinks  about  them  at  all,  must  seem 

Bill  and  the  evils  benefits. 

B  Speaking  generally,  then,  each  system  of  dogmatic  theology,  with 
^fc  sentiments  that  gather  round  it,  becomes  an  impediment  in  the 
Hly  of  Social  Science,  The  sympathies  drawn  out  toward  one  creed 
■hi  the  correlative  antipathies  aroused  by  other  creeds,  distort  the  in- 
kpretations  of  all  the  associated  facts.     On  these  institutions  and 

H  *  Lubbock's  <*  FreLi^torJc  Tiroes,^'  accond  edition,  p.  WL 
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their  results  the  eyes  are  turned  with  a  readine««8  to  ob&erre  ereETj 
thing  that  is  good,  and  on  those  with  a  readiness  to  observe  every 
thing  that  ifi  bad.  Let  us  glance  at  Bome  of  the  consequent  per^^ 
fiioBB  of  opinion. 

Already  we  bave  seen  by  iniplication  that  the  theological  element 
of  a  <ireed,  subordinating  the  ethical  element  as  it  does  completely  in 
early  stages  of  civilization  and  very  considerably  in  later  stages,  niiiin- 
tains  a  standard  of  right  and  wrong,  relatively  good  perhaps,  hut  per* 
haps  ab^iolutely  bad^ — good,  that  is,  as  measured  by  the  requiremenli 
of  the  place  and  time,  bad  as  measured  by  the  requirements  of  an  idejil 
society.  And,  sanctifying,  as  an  associated  theology  may  thus  do, 
false  conceptions  of  right  and  wrong,  it  falsifiefl  the  measures  by  which 
the  effects  of  institutions  are  to  be  estimated.  Obviously  the  sociologi- 
cal conclusions  must  be  vitiated  if  beneticial  and  detrimental  effects 
are  not  respectively  recognized  as  such.  An  illustration  enforciog 
this  is  worth  giving.  Here  is  Mr,  Palgrave's  account  of  Wahabf« 
morality,  as  disclosed  in  answers  to  his  questions : 

"  *  Tb6  first  of  the  great  sma  is  the  giving  divine  honors  to  a  creature.' 

**  *  Of  course/  I  replied,  *  tlie  enonnity  of  such  a  sin  is  beyond  all  dool 
But  if  this  be  the  first,  there  must  be  a  second  ;  what  is  it  ? ' 

"  ^  Driaking  the  shamefiil,^  in  English,  ^  smoking  tobacco,^  was  the  i 
tating  answer. 

**  *  And  murder,  and  adultery,  and  false  witness? '  I  suggested. 

^*  *  God  is  merciful  and  forgiving,*  r^oined  my  friend  ;  *  that  ]m^  tbew  i 
merely  little  ains.' 

*•*•  *■  Hence  two  sins  alone  are  great,  polytheism  and  smokingf*  I  coDtinoi 
though  hardly  able  to  keep  countenance  any  longer.    And  'Abd-el-Ka 
with  the  most  serious  asseveration,  replied  that  such  was  really  the  c*»^  *'  * 


Clearly  a  creed  which  makes  smoking  one  of  the  blackest  cr 
and  has  only  mild  reprobation  for  the  worst  acts  commilted  by  i 
against  man,  negatives  any  thing  like  Social  Science.    Habits  and  in 
tutions  not  being  judged  by  the  degrees  in  which  they  coDdnce  toi 
"welfare,  the  ideas  of  better  and  worse,  as  applying  to  social  ar 
ments,  cannot  exist ;  and  such  notions  as  progress  and  retr 
are  excluded.     But  that  which  holds  so  conspicuously  in  this 
holds  more  or  less  in  all  cases.     At  the  present  time,  as  in  past  tin 
and  in  our  owti  society  as  in  other  societies,  public  acts  are  judged  1 
two  tests — ^the  test  of  supposed  divine  approbation,  and  the  test< 
conduciveness  to  human  welfare^     Though,  as  civilization  advau 
there  grows  up  the  belief  that  the  second  test  is  equivalent  to 
first,  though,  consequently,  conduciveness  to  human  welfare  comes  t 
be  more  directly  considered,  yet  the  test  of  supposed  divine  appr 
tion,  as  inferred  from  the  particular  creed  believed,  continues  to  1 
very  generally  used.     The  wrongoess  of  conduct  is  conceived  afl 

'  "  JourDey  through  Ceatrad  audi  Easteru  Arabiis''  toL  iL,  p.  1L 
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HpB^  in  the  implied  disobedience   to  the  supposed  coramandg,  and 

In  jia  consisting  in  its  ititrinsic  character  as  causing  sutFeFiiig  to 
othera  or  to  selt  Inevitably  the  effect  on  sociological  tliinking  is, 
that  iii8titutioo9  and  actions  are  judged  more  by  their  apparent  con- 
gmity  or  incongruity  with  the  established  cult  than  by  their  tenden- 

bies  to  further  or  to  hinder  well-bciug. 

'  This  effect  of  the  theological  biaa^  manifest  enough  everywhere, 
liu  been  forced  on  my  attention  by  one  whose  mental  attitude  often 

C plies  me  with  matter  for  speculation — an  old  gentleman  who  unites 
religion  of  amity  and  the  religion  of  enmity  in  startling  contrast, 
Oq  the  one  hand,  getting  up  early  to  his  devotions,  going  to  church 
eren  at  great  risk  to  his  feeble  health,  always  staying  for  the  sacra- 
Qeni  when  there  is  one,  he  displays  what  ij*  ordinarily  regarded  as  an 
eseniplaiy  piety.  On  the  other  iiand,  his  thoughts  ever  tend  in  the 
diifction  of  warfare :  fights  on  sea  and  laud  furnish  topica  of  undying 
inia^st  to  him ;  he  revels  in  narratives  of  destruction ;  his  talk  is  of 
fcnuitn  To  say  that  he  divides  his  reading  between  the  Bible  and 
HiiOD,  or  some  kindred  book,  is  ^n  exaggeration ;  but  still  it  serves 
to  convey  an  idea  of  his  state  of  feeling*     Now  yon  may  hear  him 

Cling  wroth  over  tlie  diseatablishment  of  the  Irish  Church,  which  he 
ks  ujK>n  as  an  act  of  sacrilege ;  and  now,  when  the  conversation 
turns  on  works  of  art,  he  names,  as  engravings  which  above  all  others 
^  admires,  CcBur-de-Lion  fighting  Saladin,  and  Wellington  at  Water- 
Mi,  Or,  after  manifesting  some  kindly  feeling,  which,  to  give  him  hig 
■Lbe  frequently  does,  he  will  shortly  pass  to  some  bloody  encounter, 
Hurration  of  which  makes  his  voice  tremulous  with  delight.  Mar- 
Hling  though  I  did  at  first  over  these  ineongruities  of  sentiment  and 
Hid^  the  eicplanatioD  was  reached  on  ob.Hcrving  that  the  subordination* 
Mfteiit  of  hi^s  creed  was  far  more  dominant  in  hii;  consciousness  than 
■e  morfti  element  Watching  the  movements  of  his  mind  made  it 
lur  that,  to  his  imagination,  God  was  Bymboltzed  as  a  kind  of  tran- 
Mldeotly  powerful  sea-captain,  and  made  it  clear  that  he  went  to 
■ildl  from  a  feeling  akin  to  that  with  which,  as  a  middy,  he  went  to 
klltr.  On  perceiving  that  this,  which  is  the  sentiment  common  to 
■  neligions,  whatever  be  the  name  or  ascribed  nature  of  the  deity 
Hiiiipped,  was  supreme  in  him,  it  ceased  to  be  inexplicable  that  the 
H^MHI  to  which  the  Christian  religion  specially  appeals  should  be 
^^Hilj  overridden.  It  became  easier  to  understand  how,  when  the 
^^^B^rk  riots  took  place,  he  could  wii^h  that  we  had  Louis  Napoleon 
^^H^  to  shoot  down  the  mob,  and  how  he  could  recall,  with  more 
^^Aof  efaadding,  the  deeds  of  press-gangs  in  his  early  days. 
HHm  |Ii#  theological  bias,  thus  producing  conformity  to  moral  prln- 
Hii  frooi  motives  of  obedience  only,  and  not  habitually  insisting  on 
Bh  pffiaoipks  because  of  their  intrinsic  value,  obscures  sociological 
■^^  vill  sow  not  be  difficult  to  see.  The  tendency  is  to  substitute 
^^^^vcognitioos  of  such  principles  for  real  recognition n.     Bo  long 
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aa  they  are  not  contravened  directly  enough  to  suggest  dUobedieno^l 
they  may  be  readily  contravened  indirectly  ;  for  the  reason  that  tbet^ 
has  not  been  cultivated  the  habit  of  contemplating  coneequences  as 
they  work  out  in  remote  ways.     Hence  it  happens  that  social  arraoge- 
menta  essentially  at  variance  with  the  ethics  of  the  creed  give  no  of- 
fence to  those  who  are  profoundly  offended  by  whatever  seems  at  vari- 
ance with  its  theology.     Maintenance  of  the  dogmas  and  forms  of  th^l 
religion  becomes  the  primary,  all-essential  thing ;  and  the  secondaifH 
thing,  often  sacrificed,  is  the  securing  of  those  relations  among  men 
which  the  spirit  of  the  religion  requires.     How  conceptions  of  good 
and  bad  in  social  tiflfairs  are  thus  warped,  the  pending  controversy 
about  the  Athanapian  creed  shows  us.     Here  we  have  theologians  wbo 
believe  that  our  national  welfare  will  be  endangered,  if  there  is  not  in 
all  churches  an  enforced  repetition  of  the  dogmas  that  Father,  Son, 
and  Holy  Ghost,  are  each  of  them  Almighty ;  that  yet  there  are  not 
three  Almighties,  but  one  Almighty ;  that  one  of  the  Almighties  sof* 
fered  on  the  cross  and  descended  into  hell  to  pacify  another  of  them; 
and  that,  whoever  does  not  believe  this,  *'  without  doubt  shall  periih 
everlastingly.'*    They  say  that,  if  the  Slate  makes  its  priests  threJitea_ 
with  eternal  torments  all  who  donbt  these  doctrines,  things  will 
well ;  but,  if  those  priests,  who,  in  this  threat,  perceive  the  devil-wa 
ship  of  the  savage  usurping  the  name  of  Christianity,  are  allowed 
I  pass  it  by  in  silence,  woe  to  the  nation  !   Evidently  the  theological  1 
leading  to  such  a  conviction  entirely  excltides  Sociology,  considered  1 
a  science. 

Under  its  special  forms,  as  well  as  oiider  its  general  form,  the  th«| 
logical  bias  brings  errors  into  the  estimates  men  make  of  societies  \ 
institutions.     Sectarian  antipathies,  growing  out  of  ditferences  of  do 
trine,  disable  the  members  of  each   religious  coram imity  from  faiil 
judging  other  religious  communities.     It  is  always  difficult,  and  ofl 
impossible,  for  the  zealot  to  conceive  that  his  own  religious  system  i 
his  own  zeal  on  its  behalf  may  have  but  a  relative  trnth  and  a  relatJ 
value ;  or  to  conceive  that  there  may  be  relative  truths  and  relatil 
values  in  alien  beliefs  and  the  fanaticisms  which  maintain  them.  Thoa 
the  adherent  of  each  creed  has  continually  thrust  on  his  attention 
fact  that  adherents  of  other  creeds  are  no  less  confident  than  he  i» 
though  he  can  scarcely  fail  sometimes  to  reflect  that  these  adbereo 
of  other  creeds  have,  in  nearly  all  cases,  simply  accepted  the  do 
current  in  the  places  and  families  they  were  bom  in,  and  that  he 
done  the  like — yet  the  special  theological  bias  which  his  education  \ 
surroundings  have  given  him,  makes  it  almost  beyond  imagination  1 
these  other  creeds  may,  some  of  them,  have  justifications  as  good 
if  not  better  than,  his  own,  and  that  the  rest,  along  with  oer 
amounts  of  absolute  worth,  may  have  their  special  fitnesses  to 
people  holding  them. 
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^pnnot  doubt,  for  mstance,  tljat  tlie  feeling  with  wliich  Mr. 
tf  or  Mr.  Newdegate  regards  Roman  Catholicism  must  cause 
b  reluctance  to  admit  the  services  which  Roman  Catholicism 
id  to  European  civilization  in  the  past  5  and  must  make  almost 
Ible  a  patient  bearing  of  any  one  who  tliinks  that  it  renders 
BTTlcefl  now.  Whether  great  benefit  iJid  not  arise  in  early  times 
be  tendency  toward  uniiication  produced  within  each  congeries 
iU  societies  by  a  common  creed  authoritatively  imposed  ? — 
If  papal  power,  supposed  to  be  divinely  deputed,  and  therefore 
I  to  gobordinate  the  political  authorities  during  turbulent  teudal 
id  not  serve  to  curb  warfare  and  further  civilization  ? — whether 
»ng  tendency  shown  by  early  Chriatianily  to  lapse  into  separate 
igaoisms,  was  not  beneficially  cliecked  by  an  ecclesiastical  sys- 
▼ing  a  single  head  supposed  to  be  infallible? — whether  morals 
rot  improved,  manners  softened,  slavery  ameliorated,  and  the 
on  of  women  raised,  by  the  influence  of  the  Church,  notwith- 
ig  all  its  superstitions  and  bigotries  ? — are  r|uestions  to  which 
mming,  or  other  vehement  opponent  of  popery,  could  not  bring 
|i|eeQ  to  conviction.  Similarly,  it  is  beyond  the  power  of  the 
^^tholic  to  see  the  meaning  of  Protestantism,  and  recognize  its 
To  the  Ul tramontane,  holding  that  the  temporal  welfare  no 
tn  the  eternal  salvation  of  men  depends  on  submission  to  the 
I,  it  is  incredible  that  Church-authority  has  but  a  transitory 
ind  that  the  denials  of  authority  which  have  come  along  with 
dation  of  knowledge  and  change  of  sentimetit,  mark  steps  from 
►  social  rhgime  to  a  higher,     Naturally,  to  the  sincere  Papist, 

t crime,  and  books  that  throw  doubt  on  the  established  be- 
iursed.  Nor  need  we  wonder  when  from  such  a  one  there 
l^iayrng  like  that  of  the  Mayor  of  Bordeaux,  so  raueli  applauded 
Oomte de Chambord,  that  *'  the  Devil  was  the  first  Protestant;" 
1^  idong  with  this,  there  goes  a  vilification  of  Protestants  too 

Kko  l>e  repeated.  Clearly,  with  such  a  theological  bins,  fos- 
h  ideas  respecting  Protestant  morality,  there  must  be  ex- 
f  false  estimates  of  Protestant  iustitutiona,  and  of  all  the  insti- 
^MDg  along  with  them. 

^P  Hriking  ways,  but  still  in  ways  sufficiently  marked,  the  spe- 
*o!ogical  bias  warps  the  judgtnents  of  Conformists  and  Noncon- 
•  among  ourselves.  A  fair  estimate  of  Xlui  advantages  which 
lie-Church  has  yielded  is  not  to  be  expected  from  the  zealous 
Br:  he  sees  only  the  disadvantages.  Whether  voluntaryism 
li«ve  done  centuries  ago  all  that  it  can  do  now  ? — whether  a 
Bpported  Protestantism  was  not  once  the  best  thing  practicable? 

Kllions  which  ho  is  unlikely  to  discuss  without  prejudice.  Con- 
the  churchman  is  reluctant  to  believe  that  the  union  of  Church 
lHa  b  beneficial  only  during  a  certain  phase  of  progress,  lie 
ibat  within  the  Establishment  divisions  are  daily  increasing, 
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while  voluntary  agency  is  daily  doing  a  larger  ebare  of  the  work  origi- 
nally undertaken  by  the  State  j  but  he  does  not  join  this  with  the  fact 
that  outside  the  Establishment  the  power  of  Dissent  is  growbg :  he 
re^it^ts  the  inference  that  these  ebanges  are  parts  of  a  general  change 
by  which  the  political  and  religious  agencies^  which  have  been  differ- 
eutiatiiig  from  the  beginning,  are  being  separated  and  specialized.  He 
is  iiverse  to  the  conception  that  just  as  Protestantism  at  large  wus  a 
rebellion  agninst  an  Ecclesiaaticism  which  dominated  over  Europe,  so 
Dissent  among  ourselves  is  a  rebellion  against  an  EcclesiaBticism  which 
dominates  over  England ;  and  that  the  two  are  but  successive  stages 
of  the  same  beneficial  development.  That  is  to  say,  his  bias  prevents 
him  from  contemplating  the  facts  in  a  way  favorable  to  scientific  iater- 
pretalions  of  them. 

Everywhere,  indeed,  the  special  theological  bias  accompanyiDg  a 
special  set  of  doctrines  inevitably  prejudges  many  sociological  qaefr 
tions.  One  who  holds  a  creed  as  absolutely  true,  and  who  by  implies* 
tion  holds  the  multitudinous  other  creeds  to  be  absolutely  false  in  bo 
far  as  they  differ  from  bis  own,  cannot  entertain  the  supposition  tbit 
the  value  of  a  creed  is  relative.  That  a  particular  religious  system  is, 
in  a  general  sense,  a  natural  part  of  the  particular  society  in  which  it 
is  found,  is  an  entirely  alien  conception ;  and,  indeed,  a  repugnant  < 
The  dogmatic  tlieology  which  he  holds  unquestionably  true>  h©  1 
good  for  all  places  and  all  times.  He  does  not  doubt  that,  when  1 
planted  to  a  liorde  of  savages,  it  will  be  duly  understood  by  ihM 
duly  appreciated  by  them,  and  work  on  them  results  such  as  th€l 
he  experiences  from  it.  Thus  prepossessed,  he  passes  over  the  pr 
which  recur  everywhere,  that  a  people  is  no  more  capable  of  sudde 
receiving  a  higher  form  of  religion  than  it  is  capable  of  suddenly  I 
ceiving  a  higher  form  of  government ;  and  that  inevitably  inilh  SQ 
religion,  as  with  such  government,  there  will  go  on  a  degradation  th 
presently  reduces  it  to  one  differing  but  nominally  from  that  wl 
previously  existed.  In  other  words,  his  special  theological  bias  hll 
him  to  an  important  class  of  sociological  truths. 

The  effects  of  the  theological  bias  need  no  further  elucidadoiu 
will  turn  our  attention  to  the  distortions  of  judgment  caused  by  i 
anti-theological  bias.  Not  only  the  actions  of  religious  dogmaSi] 
also  the  reactions  against  them,  are  disturbing  inffuences  we  havtl 
beware  of.  Let  us  glance  lirst  at  an  instance  of  that  indignati 
against  the  established  creed,  which  all  display  more  or  te^s  wfc 
they  emancipate  themselves  from  it. 

**  A  Nepaiil  king.  Rum  Bahadur,  whose  beantifiil  qtieen,  finding  thtt ! 
lovely  face  had  been  disfigured  by  gmall-poi,  poisoned  herself,  *  cursed  bUl 
dom,  her  doctors^  *ind  the  (^od§  of  Xepaol,  vowing  vengeance  on  all/     Hil( 
ordered  the  doctors  to  be  flopjged^  and  the  right  ears  and  nose  of  each  to  li«^ 
off,  *he  then  wreaked  his  vengeance  on  the  gods  of  Nepaul,  and,  after  i 
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tliexxi  in  the  most  ^osa  wa;^,  he  ficcuaeil  them  of  h&Fing  obtained  from  Mm 

tv^lve  thousand  goats,  some  hundred- wtiight  of  sweetmeMBf  two  thousand  gal- 

\oTis  of  milk,  etc.,  under  false  j^retences,*  *  •  .  Ho  then  ordered  all  the  artillery^ 

^trying  from  three-  to  twelve-pound  era,  to  be  brought  in  front  of  the  palace. 

,  ♦  •  All  the  gnn3  were  then  loaded  to  the  muzzle,  and  down  he  marched  to  the 

"hewlquarterB  of  the  Nepaal  deities.  .  ,  ,  Allth©  guns  were  drawn  up  in  front 

of  tbe  fiereral  deities^  honoring  the  most  saered  with  the  heaviest  metah    When 

l\ie  order  to  fire  was  given,  many  of  the  chiefs  and  soldiers  ran  awaj  pnnic- 

•tnoken,  and  othora  hesitated  to  obey  the  sacrilegious  order ;  and  not  until  sev- 

tral  gunners  hud  been  ent  down,  were  the  guns  opened.    Down  came  the  gods 

t&d  goddesses  from  their  hitherto  sacred  positions ;  and,  after  six  hoars^  heavy 

QULQoaading,  not  a  vestige  of  the  deities  remained,^'  ^ 


I 


I 


This,  which  is  one  of  the  most  remarkable  pieces  of  iconoclasm  on 
record,  exhibits  in  an  extreme  form  the  reactive  antagonism  usually 
accompanying  abandonment  of  an  old  belief— an  antagonism  that  is 
^ig^  in  proportion  as  the  previous  submission  has  been  profound.  By 
stabling  their  horses  in  cathedrals  and  treating  the  sacred  places  and 
symbols  with  intentional  insult,  the  Puritans  displayed  this  feeling  in 
4 marked  manner;  as  again  did  the  French  revolutionists  by  pulling 
4om  sacristies  and  a! tar-table s,  tearing  mass-books  into  eartritlge- 
papers,  drinking  brandy  out  of  clialices,  eating  mackerel  off  ]>atenas, 
making  mock  ecclesiastical  processions,  and  holding  drunken  revels  in 
cburches.  Though  in  our  day  the  breaking  of  bonds  less  rigid,  effect- 
ed bj  Btruggies  less  violent,  is  followed  by  a  less  excessive  opposition 
andhntred,  yet  habitually  the  thro  wing-off  of  the  old  form  implies  a 
f^pUcing  of  the  previons  sympathy  by  more  or  less  of  antipathy  *  per- 
^'^fsion  of  judgment  caused  by  the  antipathy  taking  the  place  of  that 
<i*08€d  by  the  sympathy.  What  before  was  reverenced  as  wholly  true 
^  now  scorned  as  wholly  false  ;  and  ivhat  was  regarded  as  invaluable 
*»  now  rejected  as  of  no  value  at  all. 

In  some,  this  state  of  sentiment  and  belief  continues.  In  others, 
^^?  reaction  is  in  course  of  time  followed  by  a  re-reactiom  To  carry 
^t  the  Carlylean  figure,  the  old  clothes  that  had  been  outgrown  and 
^ere  finally  torn  off  and  thrown  aside  with  contempt,  come  presently 
^  ^  looked  back  upon  with  more  calmness  and  with  the  recognition 
^^atthey  did  good  service  in  their  time — nay,  perhaps  with  the  doubt 
whether  they  were  not  thrown  off  too  soon.  This  re-reaction  may  be 
[■seble  or  may  be  strong ;  but  only  when  it  takes  place  in  due  amount 
w  there  a  possibility  of  balanced  judgments  either  on  religious  qnes- 
lions  or  on  those  questions  of  Social  Science  into  which  the  religious 
Wement  enters. 

Here  we  have  to  glance  at  the  sociological  errors  into  which  the 
^nti-theological  bias  betrays  tliose  in  whom  it  does  not  become  quali- 
iiei  Thinking  only  of  what  is  erroneous  in  the  rejected  creed,  they 
the  truth  for  which  it  stands ;  contemplating  only  its  mischiefs, 

I ''  Fn  e  Tears*  Residence  in  NepAuy^  by  Captain  Thomaa  Smith,  voL  i«,  p,  \^%. 
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they  overlook  its  benefits ;  andj  doing  this,  they  think  that  notbmg  b^f 
good  would  result  from  its  general  abandonment.  Let  us  obeerve  the 
tacit  assumptions  made  in  drawing  this  eonclusioiL 


co!^n 


It  18  assumed,  in  the  first  place,  that  adequate  goidaBce  for 
duct  in  life,  private  and  public,  could  be  had  j  and  that  a  moral  code, 
rationally  elaborated  by  men  as  they  now  are,  would  be  duly  operative 
upon  them.  Neither  of  thene  propositions  commends  itself  whemre 
come  to  examine  the  evidence.  We  have  but  to  observe  human  mo- 
tion as  it  meets  us  at  every  turn,  to  see  that  the  average  intcllig<inc«, 
incapable  of  guiding  conduct  even  in  simple  matters,  where  but  a  verj 
moderate  reach  of  reason  would  suffice,  must  fail  in  apprehending 
with  due  clearneas  the  natural  sanctions  of  ethical  principles.  The 
unthinking  ineptitude  with  which  even  the  routine  of  life  is  carried 
on  by  the  mass  of  men,  shows  clearly  that  they  have  nothing  like  the 
insight  required  for  t^elf-guidance  in  the  absence  of  an  authoritative 
code  of  conduct.  Take  a  day's  experience,  and  observe  the  lack  of 
thouf^ht  indicated  from  hour  to  hour. 

You  rise  in  the  morning,  and,  while  dressing,  take  up  a  phial  coni 
iDg  a  tonic,  of  which  a  little  has  been  prescribed  for  you ;  but, 
the  first  few  drops  have  been  counted^  succeeding  drops  run  down 
side  of  the  phial— all  because  the  lip  is  shaped  without  regard  to  tb 
requirement.     Yet  millions  of  such  phials  are  annually  made  by  g1 
makers,  and  sent  out  by  thousands  of  druggists ;  so  small  being 
amoimt  of  sense  brought  to  bear  on  business.     Now,  turning  to 
looking-glass,  you  find  that,  if  not  of  the  best  make,  it  fails  to 
serve  the  attitude  in  which  you  put  it ;  or,  if  what  is  called  a  " 
looking-glass,  you  see  that  the  maintcuance  of  its  position  is  insi 
by  an  expensive  appliance  that  would  have  been  superfluous  \\\ 
little  reason  been  used.     Were  the  adjustment  such  that  the  centre 
gravity  of  the  glass  came  in  the  line  joining  the  points  of  sup] 
(which  would  be  quite  as  easy  an  adjustment),  the  glass  would  rei 
steady  in  whatever  attitude  you  gave  it.     Yet  year  after  year  tcn»i 
thousands  of  looking-glasses  are  made  without  regard  to  so  simpl 
need.     Presently  you  go  down  to  breakfast,  and,  taking  &ome 
or  other  sauce  with  your  fish,  find  the  bottle  has  a  defect  like 
which  you  found  in  the  phial ;  it  is  sticky  from  the  drops  which  tri( 
down,  and  occasionally  stain  the  table-cloth.    Here  are  other  group^^ 
traders,  similarly  so  economical  of  thought  that  they  do  nothing  to 
tify  this  obvious  inconvenience.     ITaving  breakfasted,  you  take  up 
paper,  and,  before  sitting  down,  wish  to  put  some  coal  on  the 
But  the  lump  you  seize  with  the  tongs  slips  out  of  them,  and,  if 
you  make  several  attempts  before  you  succeed  in  lifting  it — all 
the  ends  of  the  tongs  are  smooth,     leakers  and  venders  of  fi: 
go  on,  generation  after  generation,  without  meeting  this  evil  by 
wnple  remedy  of  giving  to  these  smooth  ends  some  projecting  poi 
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even  ronglieuing  them  by  a  few  burrs  with  a  chiseh  Having  at 
agth  g:raspe<l  the  lamp  aod  put  it  on  tho  tire,  you  begin  to  read ;  but, 
k'fore  you  have  got  through  the  tirst  column^  you  are  reminded,  by 
tbe  changes  of  position  which  your  sensaliona  prompt,  that  men  still 
fail  to  make  easy-chairs.  And  yet  the  guiding  principle  is  simple 
enough.  Jast  that  advantage  secured  by  uaing  a  soft  seat  in  place 
<rfa  hard  one— the  advantage,  namely,  of  spreading  over  a  larger  area 
the  prepare  of  the  weight  to  be  borne,  and  so  making  the  pressure 
l«ft8  intense  at  anyone  point — \%  an  advantage  to  be  sought  in  the 
form  of  the  chair.  Ease  is  to  be  gained  by  making  the  shapes  and 
relative  iocllnatlong  of  scat  and  back  such  as  will  evenly  distribute 
the  weight  of  tbe  trunk  and  limbs  over  the  widest  possible  supporting 
"urface,  and  with  the  least  straining  of  the  parts  out  of  their  natural 
ittitudes.  And  yet  only  now,  after  thuse  thousands  of  years  of  civili- 
KitioD^  are  there  being  reached  (and  that  not  rationally  but  cmpiri- 
cally)  approximations  to  the  structure  required. 

Such  are  the  experiences  of  the  first  hour;  and  so  they  continue 
*ill  tbe  ilay  tlirough*  If  you  watch  and  criticise,  you  may  see  that  the 
immease  majority  bring  to  bear,  even  on  those  actions  which  it  is  the 

I  IttBifleai  of  their  lives  to  carry  on  effectually,  an  extremely  small 
toioant  of  faculty.  Get  a  workman  to  do  something  for  you  that  is 
more  or  less  new,  and  not  the  clearest  explanations  and  sketches  will 
prevent  him  from  blundering  ;  andj  to  any  expression  of  surprise,  he 
^1  reply  that  he  was  not  brought  up  to  it ;  scarcely  ever  betraying 
Ihe  sliifhtest  shame  in  confessing  that  he  cannot  do  a  thing  he  was  not 

[  **ught  to  do*     Similarly  throughout  the  higher  grades  of  activity. 

'  Rerneoiber  how  generally  imjuovements  in  manufactures  come  from 

i  oatsiilena,  and  you  are  at  once  shown  with  what  mere  unintelligent  rou- 
tioe  manutactnres  are  commonly  carried  on.  Examine  into  the  man- 
%emettt  of  mercantile  concerns,  and  you  perceive  that  those  engaged 

hz^  them  mostly  do  nothing  more  than  move  in  the  ruts  that  have 
ptdaally  been  made  for  them  by  the  process  of  trial  and  error  during 
•  long  succession  of  generations.  Indeed,  it  almost  seems  as  though 
to08t  men  made  it  their  aim  to  get  through  life  with  the  least  possible 
^ponditure  of  thought. 

Dow,  then,  can  there  be  looked  for  such  power  of  self-guidance  as, 
'''the  absence  of  inherited  authoritative  rules,  would  require  thein  to 
'^oderstand  why,  in  the  nature  of  things,  these  modes  of  action  are  in- 

I  i'lrioui  and  those  modes  beneficial — would  require  them  to  pass  be- 

f  Jonii  proximate  results,  and  see  clearly  the  involved  remote  results  as 
''^wked  out  on  self,  on  others,  and  on  society  ? 
The  incapacity  need  not,  indeed,  be  inferred  ;  it  may  be  seen,  if  w© 

^^0  bat  take  an  action  concerning  which  the  sanctified  code  is  silent, 
iittn  to  a  conversation  about  gambling ;  and,  whore  reprol>ation  is 
'Xpreftsed,  note  the  grounds  of  the  reprobation.     That  it  tends  toward 
' ;  that  it  risks  the  welfare  of  family  and  friends  j., 
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that  it  alienates  from  business^  and  leads  into  bad  company — ^thflfl 
and  such  as  these,  are  the  reasons  given  for  condemning  the  practlH 
Rarely  is  there  any  recognition  of  the  fundamental  reason,     RarelyH 
gambling  condemned  because  it  is  a  kind  of  action  by  which  pleas^J 
is  obtained  at  the  cost  of  pain  to  another.     The  normal  obtainnient  fl 
gratification,  or  of  the  money  which  purchases  it,  implies,  in  the  filB 
place,  that  there  has  been  put  forth  equivalent  effort  of  a  kind  whicll, 
in  some  way,  furthers  the  general  good ;  and  implies,  in  the  sccoa^ 
place,  that  those  from  whom  the  money  is  received,  get,  directly  orH 
directly,  equivalent  satisfactions.     But  in  gambOng  the  opposite  hnp- 
pens.     Benefit  received  does  not  imply  effort  put  forth ;  and  the  happi- 
ness of  the  winner  involves  the  misery  of  the  losen     This  kind  of 
action  is  therefore  essentially  anti-social — sears  the  sympathies,  culti- 
vates a  hard  egoism,  and  so  produces  a  general  deterioration  of  cb«^ 
acter  and  conduct. 

Clearly,  then,  a  visionary  hope  misleads  those  who  think  that  in  tn 
imagined  age  of  reason,  which  might  forthwith  replace  an  age  of  be- 
liefs but  partly  rational,  conduct  would  be  correctly  guided  by  a  code 
directly  based  on  considerations  of  utility.  A  utilitarian  system  of 
ethics  cannot  at  present  be  correctly  thought  out  even  by  the  select 
few,  and  is  quite  beyond  the  mental  reach  of  the  many.  The  value  of 
the  inherited  and  theologically-enforced  code  is  that  it  formulates,  wiA 
some  approach  to  correctness,  the  accumulated  results  of  past  humia 
experience.  It  has  not  arisen  rationally  but  empirically.  During  aQ 
past  times  mankind  have  eventually  gone  right  alter  trying  all  pa> 
silile  ways  of  going  wrong.  The  wrong-goings  have  been  Ijabitually 
checked  by  disaster,  and  pain,  and  death ;  and  the  right-goingis  bsT« 
been  continued  because  not  thus  checked.  There  has  been  a  growth 
of  beliefs  corresponding  to  these  good  and  evil  results.  Hence  U»o 
code  of  conduct,  embodying  discoveries  slowly  and  almost  uncoo* 
Bcionsly  made  through  a  long  series  of  generations,  has  transceodcDl 
authority  on  its  side, 

Kor  is  this  all  Were  It  possible  forthwith  to  replace  a  traditia»» 
ally-established  and  supematurally-warranted  system  of  rules  by  i 
system  of  rules  rationally  elaborated,  no  such  rationally-elabonit«d 
eystem  of  rules  would  be  adequately  operative.  To  think  that  il 
would  implies  the  thought  that  men-s  beliefs  and  actions  are  througll" 
out  determined  by  intellect ;  whereas  they  are  in  much  larger  detrretfl 
determined  by  feeling. 

There  is  a  wide  difference  between  the  formal  assent  men  give  to  i 
proposition  they  cannot  gainsay,  and  the  efficient  belief  which  \f^ 
duces  active  conformity  to  it.     Often  the  most  conclusive  aru"""'  "* 
fails  to  produce  a  conviction  capable  of  swaying  conduct;  an  ! 
rnere  assertion,  with  great  emphasis  and  signs  of  confidence 
oart  of  the  utterer,  will  produce  eflicient  conviction  where  thti 
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ptdence^  and  even  in  spite  of  adverse  evidence.     Especisilly  is  this  so 
among  those  of  liille  culture.     Not  only  may  we  see  thiit  strengtli  of 
aiEonation  aud  an  authoritative  mauiier  cretite  faith  in  them,  btit  we 
may  see  that  their  faith  sometimes  actually  decreases  if  explanation  is 
given.    The  natural  language  of  belief  in  another  is  that  which  gen- 
erates their  belief — not  the  logically-conclusive  evidence.     The  depend- 
hcicfl  of  tills  they  cannot  clearly  follow  \  andj  in  trying  to  follow  it, 
Bey  BO  far  lose  themselves  that  premisses  and  conclusion,  not  perceived 
H^ stand  in  necessary  relation,  are  rendered  Kss  eoherent  than  by  put- 
tiiig  them  in  juattaposition  and  strcngtheiiing  their  connection  by  a 
wave  of  the  emotion  which  emphatic  affirmation  raises. 

Nay,  it  is  even  true  that  the  most  cultivated  intelligences,  capable 
of  critictsing  evidence  and  valuing  arguments  to  a  nicety,  are  not 
tbereby  made  rational  to  the  extent  that  they  are  guided  by  intellect 
J^part  from  emotion.  Continually  men  of  the  widest  knowledge  de- 
liberately do  things  they  know  to  be  iujnrioutt;  suffer  the  evils  that 
traiisgression  brings  ;  are  deterred  a  while  by  the  vivid  remembrance 
of  them ;  and,  when  the  remembrance  has  become  faint,  transgress 
agam.  Often  the  emotional  consciousness  overrides  the  intellectual 
cotisciousncss  absolutely,  as  hypochondriacal  patients  show  us.  A  suf- 
ferer from  depressed  spirits  may  have  the  testimony  of  bin  physicians, 
Verified  by  numerous  past  experiences  of  his  own,  showing  that  his 
gloomy  anticipations  are  ilkisions  cansed  by  his  bodily  state ;  and  yet 
the  coaelusive  proofs  that  they  are  irrational  do  not  enalde  him  to  get 
lid  of  them;  he  continues  to  feel  sure  that  disasters  are  coming  on 
him. 

An  which,  and  many  kindred  facts,  make  it  certain  that  the  opera- 
liveness  of  a  moral  c-ode  depends  much  more  upon  the  emotions  called 
fonb  by  its  injunctions  than  on  the  consciousness  of  the  utility  of 
obeying  such  injunctions.  The  feelings  excited  during  early  life  tow- 
ard moral  principles,  by  witnessing  the  social  sanction  and  the  religious 
•auction  they  possess,  influence  conduct  far  more  than  the  perception 
that  conformity  to  such  principles  conduces  to  welfare.  And,  in  the 
ibience  of  the  feelings  which  manifestations  of  these  sanctions  arouse, 
the  utilitarian  belief  alone  would  be  inadequate  to  produce  conformity. 
It  \A  true  that  the  sentiments  in  the  higher  races,  aud  especially  in 
superior  members  of  the  higher  races,  are  now  in  considerable  degrees 
adjusted  to  these  principles  ;  the  sympathies  that  have  become  organic 
in  the  most  developed  men  produce  some  spontaneous  conformity  to 
altruistic  precepts.  Even  to  such,  however,  the  social  sanction,  which 
w  ia  part  derived  from  the  religious  sanction,  is  important  as  streugth- 
ttiing  the  influence  of  such  precepts.  And,  to  those  endowed  with  less 
of  moral  sentiment,  these  sanctions  are  still  more  important  aids  to 
guidance. 

Thus  the  anti*theological  bias  leads  to  serious  error,  both  when  it 
ftores  the  essential  share  hitherto  taken  by  religious  s^^lema  Va 
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giving  forca  to  obtain  principles  of  action,  in  part  absolutely  gooc 
and  in  part  good  relatively  to  the  needs  of  the  time,  and  again  when 

it  prompts  the  notion  that  now  these  principles  might  be  &o  established 
on  rational  bases  as  to  nile  men  e^ectuall  j  through  their  eulighte 
intellects. 


1 


These  errors,  however^  Tvhich  the  anti-theological  bias  prod ucea,  are 
superlieial  compared  with  the  error  that  remains.  The  antagonism  to 
superstitious  beliefs  h^ibitually  leads  to  entire  rejection  of  them«  Tiie; 
are  thrown  aside  with  the  assumption  that,  along  with  so  much  that  i& 
wrong,  there  is  nothing  right.  Whereas  the  truth,  reeognisiable  only 
after  antagonism  has  spent  itself,  is,  that  the  wrong  beliefs  rejected  ire 
superficial,  and  that  a  right  belief  hidden  by  them  remains  when  they 
have  been  rejected.  Those  who  defend^  equally  with  those  whoasaail, 
religions  creeds,  suppose  that  every  thing  turns  on  the  maintenance  of 
the  particular  dogmas  at  issue ;  whereas  the  dogmas  are  but  temponry 
forms  of  that  which  is  permanent. 

The  i^rocess  of  Evolution  which  has  progressively  modified  and 
advanced  men*8  conceptions  of  the  Universe,  will  continue  to  modi^ 
and  advance  them  during  the  future.  The  ideas  of  Cause  and  Origifli 
which  have  been  gradually  changing,  will  change  still  further.  But 
no  changes  in  them,  even  when  pushed  to  the  extreme,  w^ill  expi4  tliem 
from  consciousness  J  and  there  can,  therefore,  never  be  an  exf 
of  the  correlative  sentiments.  No  more  in  this  than  in  othei  il,, 
will  Evointlou  alter  its  general  direction :  it  wUI  continue  along  lh0 
same  lines  as  hitherto.  And,  if  we  wish  to  see  w^hither  it  tends, 
have  but  to  observe  how  there  has  been  thus  far  a  decreasing  conci 
ness  of  the  consciouHness  to  which  the  religious  sentiment  is  reli 
to  infer  that  hereafter  this  concreteness  will  further  diminish :  le*' 
behind  a  substance  of  cooscionsuess  for  which  there  is  no  adeqi 
form,  but  which  is  none  the  less  persistent  and  powerful. 

Without  seeming  so,  the  development  of  religious  sentimeot 
been  continuous  from  the  beginning ;  and  its  nature  when  a  germ  ' 
the  same  as  is  its  nature  when  fully  developed.     The  savage  lirst  sb( 
it  in  the  feeling  excited  by  some  display  of  power  in  another  ex 
his  own  power — some  skill,  some  sagacity,  in  his  chief,  leading  to  a 
suit  he  does  not  understand — something  which  has  the  element  of 
tery  and  arouses  his  wonder.     To  his  unspecul alive  intelk'ct  tbei 
nothing  wonderful  in  the  ordinary  course  of  things  around-    The 
lar  sequences,  the  constant  relations,  do  not  present  themselves  to 
as  problems  needing  interpretation.     Only  anomalies  in  that  cm 
causation  which  he  know^s  most  intimately,  namely,  human  will 
power,  excite  his  surprise  and  raise  questions.     And  only  when 
periences  of  other  classes  of  phenomena  become  multiplied  enougk 
generalization,  does  the  occurrence  of  anomalies  among  these 
arouse  the  same  idea  of  mystery  and  the  same  sentiment  of  wi 
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f  one  kind  of  fetichism.     Passing  over  all  intermediate  stages,  tlie 

I  la  be  noted  is,  that  as  fast  as  explaoation  of  the  anomalies  dissi- 

itee  the  wonder  they  exctled,  there  grows  np  a  wonder  at  the  uni- 

nitieg — there  arises  the  question  how  come  they  to  be  unifonnities? 

,  as  Science  transfers  more  and  more  things  from  the  category 

f  irregularities  to  the  category  of  regularities,  the  mystery  that  once 

ched  to  the  superstitious  explanations  of  them  becomes  a  mystery 

t  attaches  to  the  scientific  explanations  of  them  :  there  is  a  merging 

Fmaay  special  mysteries  in  one  general  myBtery.     The  astronomer, 

iTing  shown  that  the  motions  of  the  Solar  System  imply  a  uniform 

infariably-acting  force  he  calls  gravitation,  finds  himself  abso- 

ely  incapable  of  conceiving  the  force.     Though  he  helps  himself  to 

ok  of  the  Sun's  action  ot\  the  Earth   by  assuming  an  intervening 

,  and  finds  he  must  do  this  if  he  thinks  about  it  at  all  j  yet  the 

reappears  when  he  asks  what  is  the  constitution  of  this  me- 

6ra.     Though  compelled  to  use  units  of  ether  as  symbols,  he  sees 

,  they  can  be  but  symbols.     Similarly  with  the  physicist  and  the 

at.     Though   the   hypothesis  of  atoms   and   molecules   enables 

i  to  work  out  mnltitudinoua  interpretations  that  are  verified  by 

nent,  yet  the  ultimate  unit  of  matter  admits  of  no  consistent 

epdon.     Instead  of  the  particular  mysteries  presented  by  those 

ons  of  matter  they  have  explained,  there  rises  into  prominence  the 

ery  which  matter  universally  presents,  and  which  proves  to  be 

olnte     So  that,  beginning  with  the  germinal  idea  of  mystery  which 

» savage  gets  from  a  display  of  power  in  another  transcending  bis 

,  and  the  germioal  sentiment  of  awe  accompanying  it,  the  progress 

^irard  an  ultimate  recognition  of  a  mystery  behind  every  act  and 

imnce,  and  a  transfer  of  the  awe  from  something  special  and  oc- 

Dal  to  something  universal  and  unceasing^ 

Hd  one  need  expect,  then,  that  the  religious  consciousness  will  die 

f ,  or  will  change  the  lines  of  its  evolution.     Its  specialties  of  form, 

}  ilrongly  marked  and  becoming  less  distinct  during  past  mental 

,  will  continue  to  fade ;  but  the  substance  of  the  consciousness 

That  the  object-matter  can  be  replaced  by  another  object- 

SQpposed  by  those  who  think  the  *'  Religion  of  Humanity  ** 

)  the  religion  of  the  future,  is  a  belief  countenanced  neither  by 

ion  nor  by  deduction.      However  domitmnt   may  become  the 

I  ientiment  enlisted  on  behalf  of  Humanity,  it  can  never  exclude 

acnt,  alone  properly  called  religions,  awakened  by  that  which 

Humanity  and  behind  all  other  things.     The  child,  by  wrap- 

i  hettd  in  the  bedclothes,  may  for  a  moment  get  rid  of  the  dis- 

eonsrioQflneiis  of  surrounding  darkness ;  but  the  consciousness, 

rendered  less  vivid^  survives,  and  imagination  persists  in  occu- 

^g^  ilnelf  witl)  that  which  lies  beyond  perception.     No  such  thing 

'  Religion  of  Humanity"  can  ever  do  more  than  temporarily  shut 

)  the  tboiigbl  of  a  Power  of  which  Humanity  is  but  a  small  and 
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fugitive  product^ — which  was  in  course  of  eTer-changing  manifetli^H 
before  Humanity  was,  and  will  continue  through  other  matiifefttatioiii 
when  Humanity  has  ceased  to  be. 

To  recognitions  of  this  order  the  anti-theological  bias  is  a  hindrance. 
Ignoring  the  truth  for  which  religions  stand,  it  undervalues  religious 
institutions  in  the  past,  thinks  they  are  needless  in  the  present,  and 
expects  they  will  leave  no  representatives  in  tne  future.  Hence  many 
errors  in  sociological  reasonings. 

To  the  various  other  forms  of  bias,  then,  against  which  we  must 
guard  in  studying  the  Social  Science,  has  to  be  added  the  bias,  ] 
haps  as  powerful  and  perverting  as  any,  which  religious  beliefs 
sentiments  produce.     This,  both  gt?nerally  under  the  form  of  the 
cal  bigotry,  and  specially  under  the  form  of  sectarian  bigotry,  i 
the  judgments  about  public  affairs ;  and  reactions  against  it  give 
judgment  an  opposite  warp. 

The  theological  bias,  under  its  general  form,  tending  to  maint 
dominance  of  the  subordination-element  of  religion  over  its  ethical  i 
ment — tending,  therefore,  to  measure  actions  by  their  formal  eon 
with  a  creed  rather  than  by  their  intrinsic  congruity  with  human ' 
fare — is  unfavorable  to  that  estimation  of  worth  in  social  arrangeroea 
which  ia  made  by  tracing  out  results.     And,  while  the  general 
logical  bias  brings  into  Sociology  an  element  of  distortion,  by  using 
kind  of  measure  foreign  to  the  science  properly  so  called,  the 
theological  bias  brings  in  further  distortions,  arising  from  the  f  p 
measures  of  this  kind  which  it  uses.     Institutions,  old  and  new,  ho 
and  foreign,  are  conBidered  as  congruous  or  incongruous  with  a 
ticular  set  of  dogmas,  and  liked  or  disliked  accordingly:  the  obvio 
result  being  that,  since  the  sets  of  dogmas  differ  in  all  times 
places,  the  sociological  judgments  affected  by  them  must  inevitably  I 
wrong  in  all  cases  but  one,  and  probably  in  all  cases. 

On  the  other  hand,  the  reactive  bias  distorts  conceptions  of  i 
logical  phenomena  by  undervaluing  religious  systems.     It  gene 
an  unwillingness  to  see  that  a  religious  system  is  a  normal  and  i 
tial  factor  in  every  evolving  society ;  that  the  specialties  of  it  \ 
certain  fitnesses  to  the  social  conditions;  and  that,  while  its  formii 
temporary,  its  substance  is  permanent.     In  so  far  as  the  anti-thcol< 
cal  bias  causes  au  ignoring  of  these  truths,  or  an  inadequate  appr 
tion  of  them,  it  causes  misinterpretations. 

To  maintain  the  required  equilibrium,  amid  the  conflicting  i 
thies  and  antipathies  which  contemplation  of  religious  beliefs  ilievll 
bly  generates,  is  difRcult.     In  presence  of  the  theological  thaw  %o 
on  BO  fast  on  all  sides,  there  is  on  the  part  of  many  a  fear,  and  on 
part  of  some  a  hope,  that  nothing  will  remain.     But  the  hopes  and  1 
fears  are  alike  groundless ;  and  must  be  dissipated  before  balao 
aents  in  Social  Science  can  be  formed*    Like  the  transfor 
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lit  liave  sncceeded  one  another  hitberto,  the  transformation  now  in 
esB  is  but  an  advance  from  a  lower  form,  no  longer  fit,  to  a  kigher 

Dd  fitter  form ;  and  neither  will  this  traimformation,  nor  kindred  trana- 
forraationfl  to  c^me  hereafter,  destroy  that  which  is  transformed  any 
Dore  than  past  transformations  have  destroyed  it. 


TENUS    ON   THE    SUN'S    FACE. 

Bt  E.  A.  PBOCTOK,  B.  A., 

lACH  evening  during  the  month  of  April  the  planet  of  Love  conld 

be  seen  in  the  west  for  a  few  hours  after  sunset*     She  set  earlier 

I  e-arlier  each  successive  night^ — overtaking  the  sun,  as  it  were — and 

the  end  of  April  she  could  no  longer  be  detected.     On  the  5th 

'  she  had  overtaken  the  sun,  passing  him  at  a  distance  of  about 

aes  his  own  breadth  above  or  to  the  north  of  his  disk.     When 

lines  appear  she  will  be  a  morning  star.     This  passage  by  the 

is  the  last  made  by  Venus  (at  least  when  on  the  hither  side  o£( 

ii)  before  the  long-desired  and  now  famous  transit  of  December  9, 

74,  when,  instead  of  pa?^sing  hj  the  sun,  either  above  or  below  his 

^  as  she  usually  does,  she  will  pans  right  across  his  face, 

'  8o  mneh  has  been  said  of  late  respecting  this  ap[>roachjng  phe- 

enon,  and  so  much  importance  is  deservedly  attached  to  it,  that 

'  leaders  will  probably  be  interested  by  a  brief  and  simple  account 

(At  matter.     In  particular,  some  may  desire  to  know  what  has  been 

bipedal  aim  of  the  controversy  recently  and  still  in  progress.     Be- 

entering  on  these  matters,  I  shall  make  a  few  remarks  on  the 

of  former  transits. 

^  Tlbe  first  occasion  on  which  Venus  was  ever  seen  on  the  sun^s  face 

ion  November  24,  163&  (Old  Style),  corresponding  to  December  4th 

'Style)*     It  is  rather  singular  that  then,  somewhat  as  at  present, 

ibU  had  arisen,  owing  to  a  difference  of  opinion  between  an  aatron- 

of  established  reputation  and  one  less  known  to  the  scientific 

The  Belgian  astronomer  Lansberg  liad  slated  in  his  "Tables 

t Motion  of  Venus"  that  no  transit  would  occur  in  1639.     Young 

»x,  while  preparing  himself  for  practical  observation,  undertook 

ntljr  from  sheer  love  of  science)  the  computation  of  Venns's 

from  the  tables  of  Lani^berg.     These  tables  wore  so  highly 

by  their  author  that  he  had  spoken  of  them  as  superior  to  all 

-**qaantnm  h'nta  solent  inter  viburna  cupressi,"     But  Horrox 

aised  many  imperfections  in  them,  and  at  length,  as  he  says, 

I  air  the  aseless  computation,  resolved  for  the  future  with  my 

i€Te«  to  obeerve  the  positions  of  the  stars  in  the  heavens;  but, 
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lest  80  many  hours  should  be  entirely  thrown  away,"  he  made  use  ci 
his  results  to  predict  the  positions  of  the  planets.     "  While  thus  en- 
gaged, I  received,"  he  proceeds,  "  my  first  intimation  of  the  remark- 
able conjunction  of  Venus  and  the  sun  ;  and  1  regard  it  as  a  very  for- 
tunate occurrence,  insomuch   as  about  the  beginning  of  October  ii 
induced  me,  in  eipectalion  of  so  grand  a  spectacle,  to  observe  with 
increased  attention."     Nevertheless,  his  lieart  was  wroth  within  bim 
against  Lansberg,  insomnch  that  he  could  not  refrain  from  the  extreme 
step  of  *'  forgiving  "  him  in  the  following  agreeable  terms :  **  I  pardon, 
in  the  mean  time,  the  miserable  arrogance  of  the  Belgian  astronomer 
who  lias  overloaded  his  useless  tables  with  such  unmerited  praise,  ai»d 
cease  to  lament  the  misapplication  of  my  own  time,  deeming  it  a  s^l 
cient  reward  that  I  was  thereby  led  to  consider  and  foresee  the  S^ 
pearance  of  Venns  in  the  snn.     But,  on  the  other  hand,  may  Lansbtig 
forgive  me  "  (this  is  exquisite)  "  that  I  hesitated  to  trust  him  in  ai» 
servation  of  such  importance,  and  from  having  been  so  often  decer 
by  his  pretensions  to  universal  accuracy  that  I  disregarded  the  geni 
reception  of  his  tables*  .  .  .  Lest  a  vain  exultation  should  deceive  me^^ 
he  proceeds,  *^  and  to  prevent  the  chance  of  disappointment,  I  not  only 
determined  diligently  to  watch  the  important  spectacle  myself,  bai 
exhorted  others  whom  I  knew  to  be  fond  of  astronomy  to  follow  my 
example ;  in  order  that  the  testimony  of  several  persons,  if  it  shoald 
so  happen,  might  the  more  effectually  promote  the  attainment  of  truth, 
and  because  by  observing  in  different  places  our  purpose  would  be 
less  likely  to  be  defeated  by  the  accidental  interposition  of  clouds,  or 
any  fortuitous  impediment."     He  was  particularly  anxious 
Jupiter  and  Mercury  seemed  by  tlieir  positions  to  threaten  bad 
er.     *'  For,"  says  he,  "  in  such  apprehension  I  coincide  with  the 
ion  of  the  astrologers,  because  it  is  confirmed  by  experience;  bul 
other  respects  I  cannot  help  despising  thi.^ir  puerile  vanities,'^    Ain< 
the  astronomers  to  whom  he  wrote  was  his  friend  Crabtree,* 

Horrox  calculated  that  the  transit  would  begin  at  three  o'clock 
the  afternoon  of  November  24th  ;  but  **  being  unwilling  to  dcpead 
tinely  on  his  own  opinion,"  he  began  his  watch  on  Saturday,  Kove] 
2ad.     On  Sunday  morning  he  resumed  it^only  interrupting  it  to  go 
church — so,  at  least,  I  interpret  his  remark  that  he  "  waa  called  ai 
by  business  of  the  highest  importance,  which,  for  these  omamei 
pursuits,"  he  "  could  not  with   propriety  neglect.  ,  ,  ,  Aboat 

'  Both  theae  Ardent  students  of  Astronomy  died  f  oung.     Horrox  (or  Horroeks,  lil 
name  i«  now  more  commcmly  Hpelled)  w&s  but  twentj  rears  old  when  lie  finlonlitftJC 
tmnslt,  Ro  that  hU  feat  maj  not  inaptly  be  compAred  to  that  of  Adaitui  tn  OAleitlAyB|l 
place  of  the  ynknowii  plan  el  Neptune  within  a  few  mootba  of  tAking  hU  degree. 
iufltanct;  of  an  CArly  mastery  of  difficult  problemfl  was  fated  to  meet  with  n«gkct;  | 
Horrox  died  before  justice  had  been  done  bim,     Adams  was  quickly  Able  to  prc^fi  i 
bifl  wnrk  was  gound,  notwithstanding  the  coolness  with  which  it  had  been  : 
the  Astmnomer  RoyaL     Dorrock?  died  in  1641^  in  his  twenty-fecond  year, 
\  supposed  to  have  been  killed  at  the  Imttle  of  Naseby  Field. 
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minates  past  three/*  he  proceeds,  "  when  I  was  again  at  liberty  to 
ooRtinoe  my  labors,  the  clouds,  as  if  by  divine  interposition,  were  en- 
tirely dispersed^  and  I  was  once  more  invited  to  the  grateful  ta?k  of 
f^pe^ting  my  observations,     I  then  beheld  a  most  agreeable  spectacle, 
the  object  of  my  sanguine  wishes,  a  spot  of  unusnal  magnitude  and 
of  a  perfectly  circular  shape,  which  had  already  fully  entered  upon 
lJ»e  8an's  disk  on  the  left,  so  that  the  edges  of  the  sun  and  Venus 
perfectly  coincided,  forming  an  angle  of  contact."     I  pass  over  his 
observations,  to  quote  his  account  of  the  feelings  with  which  Crabtrce 
witnessed  the  spectacle  of  "  Venus  on  the  sun's  face."     "  I  bad  writ- 
ten,*' he  says,  "to  my  moat  esteemed  friend  William  Crabtree,  a  per- 
vm  who  has  few  superiors  in  mathematical  learning,  inviting  him  to 
be  present  at  this  Uranian  banquet,  if  the  weather  permitted ;  and  my 
letter,  which  arrived  in  good  time,  found  him  ready  to  oblige  me,  .  ,  . 
Bat  the  sky  was  very  unfavorable,  being  obscured  during  the  greater 
I  pirt  of  the  day  with  thick  clouds  ;  and,  as  he  was  unable  to  obtain  a 
▼Ww  of  the  sun,  he  despaired  of  making  an  observation,  and  resolved 
to  take  DO  further  trouble  in  the  matter.     But  a  little  before  sunset — 
I  mmely,  about  thirty-five  minutes  past  three — ^the  sun  bursting  forth 
from  behind  the  clouds,  he  at  once  began  to  observe,  and  was  grati- 
lied  by  beholding  the  plea-sing  spectacle  of  Venus  upon  the  sun's  disk, 
Ba|>t  in  contemplation,  he  stood  for  some  time  motionless,  scarcely 
tmgting  his  own  senses,  through  excess  of  joy  j  for  we  astronomers 
I  li»ve»  as  it  were,  a  womanish  disposition,  and  are  overjoyed  with  iri- 
[  Jei,  and  such  small  matters  as  scarcely  make  an  impression  upon 
I  others;  %  susceptibility  which  those  who  will  may^^deride  with  impu- 
I  aity,  even  in  my  own  presence ;  and,  if  it  gratify  them,  I  too  will  join 
I  in  the  merriment.     One  thing  I  request ;  let  no  severe  Cato  be  sen* 
I  vm\j  offended  with  our  follies ;  for,  to  speak  poetically,  what  young 
f  man  un  earth  would  not,  like  ourselves,  fondly  admire  Venus  in  c-on- 
I  joaction  with  the  %\m^  pulchritudinem  divitiU  conjunctafnf'*^ 
I      Ibiij  years  passed  before  another  transit  of  Venus  took  place. 
iHlit  was  the  transit  of  1761,  and  it  affords  striking  evidence  of  the  in- 
lltrest  with  which,  even  at  this  early  epoch,  astronomers  regarded  the 
I  tnLimits  of  Venus,  that  Dr.   Halley,  the  first  Astronomer  Royal,  pre- 
■ttid  a  dissertation  on  the  subject  of  the  transit  of  1761  forty-tive 
^B^  before  it  t^ok  place.    Considering  all  the  circumstances,  he  made 
Brory  fair  prediction — in  fact,  the  calculated  time  when  Venut*  was  to 
Lfcf  at  her  nearest  to  the  middle  of  tlie  sun's  face  was  only  about  half 
k  boor  ID  error,  whereas  the  epochs  first  announced  by  our  present 
lAitronomer  Royal  for  the  entrance  and  exit  of  Venus  dnring  the  tran- 
bit  of  !fi74  were  one  hour  and  threc-quartei-a  of  an  hour,  respectively,  in 
kror*     1  do  not  propose  here,  however,  to  touch  on  any  of  the  matho- 
■l^al  matters  dealt  with  by  Halley,  and  I  shall  content  myself  with 
^IpBg  Ibe  remarks  wliich  he  made  on  the  importance  of  observing 
▼ilJi  due  care  for  the  sake  of  determining  the  sun's  distance: 
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*^  I  colli d  wish,^*  be  sajs  (I  follow  Fergosoa^B  translation)^  ^*  that  manj  S 
Borvattons  of  the  siune  pbeQomenon  might  be  taken  bj  di^erent  perdona  at  wR 
eral  places,  both  that  we  might  arriTe  at  a  greater  degree  of  certainty  by  tboii 
agreement,  and  also  lest  any  single  observer  should  be  deprived  by  the  inter- 
vention of  clouds  of  a  sight  which  I  know  not  whether  any  man  living  in  thia 
or  the  next  age  will  ever  see  again,  and  on  which  depends  the  certain  and  ade^ 
qnate  solntion  of  a  problem  the  most  noble^  and  at  any  other  time  not  to  be  at* 
tained  to.  I  reoonunend  it^  therefore,  again  and  again  to  thoae  cnrions  astrono- 
mera  who  (when  I  am  dead)  will  have  an  opportunity  of  observing  tbe^  thinga, 
that  they  would  remember  this  mj  admonitioO}  and  diligently  apply  them- 
aolvea  with  all  their  might  to  the  making  thi»  observation ;  and  I  earnestly 
wish  them  all  imaginable  sncGesa  -  in  the  first  place^  that  they  may  Dot^  by  the 
nn»easonftble  obscurity  of  a  cloudy  sky,  be  deprived  of  this  most  desirable  sight; 
and  then  that,  having  ascertained  with  more  exactness  the  magnitndes  of  tb« 
planetary  orbits,  it  may  redound  to  their  immortal  fame  and  glory."  fl 

A  few  years  before  the  transit  of  USl^Delisle,  the  French  astrono- 
mer, undertook  a  careful  analysis  of  all  the  eireumstances  of  the  ap 
proaching  phenomenon.     It  had  been  ascertained  that  the  transit  of 
1761  was  only  the  tirst  of  a  pair  of  transits,  the  second  occurring  in 
1769;  and  it  was  found  that  the  method  by  which   Hal  ley  had  pn 
posed  to  utiUze  the  earlier  transit  would  not,  on  thiB  occasion,  be  all 
gether  suitable,     I  shall  preeently  describe  the  methods  respective 
suggested,  but  it  m  necessary  to  mentioo  them  here,  in  order  that  tt 
chronological  sequence  of  the  events  may  be  recognissed.     For  many 
who  have  heard  Delislu's  method  lately  spoken  of  and  insisted  ap(% 
(as  in  Parliament  by  Mr.  Goscheii)  ha%^e  been  led  to  imagine  that  hfl 
a  recent  invention,  and,  £i^g&)n,  that  it  possesses  great  advantages  olfl 
Halley's,  whereas  it  was  known  and  discussed  before  the  transit*  fl 
1761  and  1769,,  and,  while  very  properly  adopted  for  the  first  tranv 
was  as  properly  siii>er6eded  by  Ilalley's  in  the  case  of  the  second,     m 

The  transit  of  1761  (like  that  which  will  occur  on  December  ■ 
1862)  was  partially  visible  in  England.  It  was  observed  at  GrMfl 
wich  by  the  Rev.  M.  Bliss,  Astronomer  Royal,  and  at  Savile  Hoofl 
near  London,  by  Mr,  Short,  *'  in  presence,"  says  the  account,  "  of  !■ 
Royal  Higljuess  the  Duke  of  York,  accompanied  by  their  Royal  Hlgl 
nesses  Prince  William,  Prince  Henry,  and  Prince  Frederick.*'  A  grifl 
number  of  observations  *  were  made  also  in  different  parta  of  the  wodH 
and  a  sufficiently  satisfactory  determination  of  the  sun^a  distance  vfl 
deduced  therefrom,  fl 

It  was,  however,  in  1 769,  that  the  real  attack  was  made.  It  ivfl 
then  that  the  famous  expedition  of  Captain  Cook,  in  the  EndeavH 
was  made,  England  being  the  only  country  which  had  a  station  iu  dl 
Pacific.  The  arctic  regions  were  visited  also,  a  station  being  aeleiotfl 
at  Wardhus,  in  North  Lapland,  where  the  following  notable  peculifl 

'  Then3  wore  68  obienrlng-BtatioaB  in  all,  tfatis  diBtributed  :  13  m  Korth  Europf*  tl 
Engktidf  10  in  Frmnoe,  0  in  Spaiiii  Portugal,  and  Italy,  10  in  Garmanjr,  and  I  ia  oiH 
placea.  S 
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Hy  WM  presented — ^tho  beginning  of  the  transit  was  observed  before 
simset,  and  the  end  after  sunrise.  There  were  also  stntions  at  Kola, 
Tdcutsk  in  Siberia,  Peking,  Manila,  Bat  a  via,  Hudson's  Bay,  St.  Peters- 
burg, St.  Joseph  in  California,  and  many  other  places.  In  all  there 
Vtire  no  less  than  74  observing-stations,  whereof  60  were  in  Europe. 

The  leader  need  hardly  be  reminded  that  the  determination  of  the 
son'a  distance  which  was  until  lately  in  use  in  our  text-books  of  as- 
tronomy was  based  on  the  observations  made  during  the  transit  of 
Venus  in  1769.  Nevertheless  it  has  been  shown  that  those  observa- 
tions, rightly  interpreted,  give  a  determination  of  the  sun's  distance 
liooording  well  with  those  which  have  been  obtained  by  the  best  mod- 
em methods,  whether  these  have  depended  on  observations  of  the  sun 
lumself^  or  the  moon,  or  Mara — or,  lastly,  of  the  swifl  flight  of  light. 
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rm  IVIr.  Herbert  Spencer  I  have  much  sympathy,  and  yet  I  can 
not  be  content  to  stay  at  the  end  at  which  he  arrives  and  stays, 
I  thoroughly  sympathize  in  his  belief  that  all  true  philosophical  reason- 
iflghai  ix%  end  in  unity — that  there  are  abundant  proofs  of  this  unity, 
in  matter  and  spirit,  in  things  visible  and  things  invisible — that  the 
tmths of  science  and  religion  find  reconciliation  in  this  unity,  I  reject, 
uhe  does,  a  purely  spiritualistic  view  of  things  no  less  than  a  purely 
njaU'rialistic  view.  But  I  cannot  agree  with  him  in  believing  in  in- 
<b€]ute  evolution.  Nor  can  I  agree  with  him  in  believing  that  life 
md  mind  are  to  be  interpreted  in  terms  of  matter,  motion,  and  force, 
wen  tlioQgh  this  interpretation  be  taken  as  only  symbolizing  pro- 
iriiionally  arbitrary  aspects  of  an  Unknown  Reality ;  and  least  of  all 
CMS  I  agree  with  him  in  believing  that  the  principle  of  unity,  underly- 
ij)g  matter  and  spirit  alike,  is  merely  an  Unknown  Cause,  the  Un- 
bowable,  a  Power  without  limits  of  either  time  or  space,  of  which  the 
nitur^  ever  remains  inconceivable.  Much,  no  doubt,  is  of  nucesKity 
ttnksowable,  but  I  would  not  place  the  limits  of  thought  where  Mr. 
Sfwncer  would  place  them.  On  the  contrary,  I  would  hold  that  there 
if  ncithing  unr^Msonable  in  widening  these  limits  so  as  to  bring  within 
thfin  tin  'Ktnal  God,  even  the  God  of  the  Scriptures,  and  that  by  so 
^^.irig  a  much  more  reasonable  realization  of  unity  is  to  be  found  than 
tliat  which  can  be  found  in  an  Unknown  Reality,  I  would  hold,  in- 
«i<ftd,  thmt  the  nature  of  the  Unknowable  is  to  be  encroached  upon  in 
tbtt  way,  and  to  this  extent,  by  the  power  of  the  reason,  and  also  that 

'  r^n  of  lecture  dellYcred  before  the  Rovftl  Collf>ge  of  FhjBiciJUti,  Uarcb,  1878, 
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there  U  notbiog  in  the  gpecalations  to  which  I  am  now  refemDg  whk 
can  stamp  as  unrcmonabU  that  partictilar  view  of  mind  and  hod 
which  it  is  the  object  of  this  lecture  to  set  forth  cursorily. 

But  what  of  that  view  of  mind  which  arises  out  of  the  doctrii 
with  which  the  name  of  Mn  Darwin  is  at  present  especially  connecte 
— a  name  which  must  always  command  the  highest  respect  of  all  rwi 
wuLuU  f  Is  not  the  view  arising  out  of  the  doctrine  of  evolution  a 
together  at  variance  with  that  which  1  have  been  led  to  take  in  tlii 
lecture  ?  Unquestionably  so.  It  is  simply  impossible  to  reconcile  Ui 
two  views  ;  and  it  is  also  certain  that,  if  that  which  arises  out  of  th' 
doctrine  of  evolution  be  rights  the  other  mu^t  be  abandoned*  What 
then,  are  the  facts  upon  which  this  doctrine  of  evolution  is  based 
This  is  the  question.  Are  they  to  be  read  only  in  favor  of  this  doc 
trine,  or  is  there  another  reading?  I  venture  to  think  that  thtjreii 
another  reading ;  but  how  can  I  make  good  this  statement  with  th< 
hands  of  the  clock  standing  where  they  do  I  At  most  I  can  only  thro* 
out  a  hint  or  two  of  what  I  might  say  on  the  subject  if  I  had  the  tim^ 
and  this  is  all  I  propose  to  do. 

No  one  can  believe  more  tiimly  than  I  do  that  there  is  a  commoi 
plan  in  aU  animals  and  in  all  parts  of  animals,  as  well  as  in  all  pUnti 
and  in  all  parts  of  plants,  or  that  there  is  a  common  unity  for  ih 
whole  organic  world,  plant  and  animal  alike.  No  one  can  belifW 
more  firmly  than  I  do  that  there  are  manifestations  of  mind,  not  dii 
similar  in  kind  to  human  mind,  in  the  brute  creation,  and  that  the  Ian 
of  mind  is  one  and  the  same  everywhere.  But  it  does  not  follow  froi 
this  belief  in  unity  that  I  should  believe  that  one  organ  should  be 
veloped  into  another  organ,  or  one  animal  or  plant  into  another 
imal  or  plant.  The  doctrine  of  unity  is  quite  consistent  with  a 
that  there  are  certain  fixed  differences  in  organs  or  organisms ;  it 
nothing  to  do  with  the  doctrine  of  evolution,  except,  perhapi 
making  its  acceptance  a  little  less  difficulty  for  it  is  a  little  more  1 
to  suppose  that  a  higher  creature  maybe  evolved  from  a  lower  if  i 
be  the  same  archetypal  unity  of  plan  underlying  the  two ;  more  I 
this  it  cannot  do. 

I  cannot  doubt  that  in  the  embryonic  life  of  the  higher 
there  is  a  process  of  development  at  work  by  which  the  embryo 
arriving  at  maturity  passes  through  certain  stages  which  seen 
shadow  forth  certain  permanent  states  of  being  lower  down  in 
scale  of  life*  I  cannot  donbt  that  in  this  case  the  more  perfect  is 
ceded  by  the  more  crude,  and  that  there  is  a  process  of  evolutioi 
work  np  to  a  given  point.  But  what  follows  ?  Certainly  not  tb 
that  these  resemblances  are  realities,  that  the  embryo  of  a  higher 
mal,  in  developing  to  maturity,  passed  through  a  succcssIod  of  dilBol 
animals  each  one  a  little  more  perfect  than  its  predecessors.  Certi 
not  more  than  this — that  the  higher  animal  in  the  embryonic 
nf  its  hiMlory,  without  ever  ceasing  to  be  itself,  passes  through 
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sUges  of  development  in  which  there  are  certain  likenesses^  never  very 
doie^  to  certain  forms  of  animal  life  lower  down  than  itself  in  the 
•oite  of  being — likenesses  which  simply  bear  witness  to  the  unity  of 
plm  in  all  forms  of  animal  life. 

lalso  find  it  difficult  to  twist  the  marvellous  improvabi!ity  of  man 
into  an  argument  for  the  doctrine  of  evolution.  Who  shall  say  tliat 
this  improvability  is  not  restricted  within  certain  prescribed  limits ? 
As  yet  man,  in  hia  struggle  for  life,  has  never  turned  bis  opportunities 
Ibr  natural  selection  so  far  to  account  as  to  make  even  the  slightest 
advance  toward  physical  improvement.  And  it  is  possible  that  the 
change  for  the  better  which  is  actually  witnessed  in  man  may  have  to 
be  explained  in  accordance  with  the  Scriptures  rather  than  in  accord- 
ance with  the  doctrine  of  evolution. 

Nor  can  I  rest  satisfied  with  what  may  be  spoken  of  as  the  more 
fsfmal  evidence  in  favor  of  evolution.  The  pigeon,  by  developing 
Oder  cultivation  into  what  may  be  considered  as  improved  varieties 
of  pigeon,  may  at  first  seem  to  be  the  subject  of  evolution ;  but  the 
changes  produced  in  this  way  are  never  more  than  those  minor  cbangt^s 
wliicb  go  to  make  up  the  differences  called  varieties^  never  so  great  as 
io  constitute  another  species  of  bird.  JHoreover,  only  let  the  varieties 
thus  produced  be  let  alone  for  a  few  generations,  and  the  inevitable 
ttmlt  is  a  return  to  the  original  form  of  the  common  pigeon,  if  not  to 
t  of  the  wild,  blue  rock-pigeoo.  The  history  contradicts  the  notion 
f  evolution  rather  than  confirms  it*  And  so  with  the  dog  or  any 
'  animal  which  may  be  modified  as  the  pigeon  is  modified ;  the 
produced  is  never  beyond  that  of  mere  variety^  never  into 
of  a  new  species;  and  let  the  constraiuirjg  int^uences  which 
ought  it  about  come  to  an  end,  and,  as  with  the  pigeon,  it  is 
long  before  the  original  wild  form  has  again  cropped  out. 
ad  what  other  conclusion  can  be  fairly  drawn  from  the  infer- 
of  mules  than  this — that  there  is  a  barrier  between  different 
of  animals,  even  between  those  wdiich  are  most  closely  akin 
tach  other,  by  which  one  is  prevented  from  passing  into  the 
ier.  Nay,  it  is  even  difficult  to  find  any  evidence  in  favor  of  evolu- 
i  io  the  history  of  the  rudimentary  creatures  which  swarm  in  dense 
ds  around  the  very  feet  of  the  scale  of  being.  Here  are  wonder- 
tdttage*  at  work  by  which,  as  Dr.  Bastian  so  clearly  demonstrates, 
,  Ibe  simplest  of  all  living  unite,  may  be  developed,  possibly 
I  mofrganic  elements,  almost  at  the  will  of  the  ex  pt- rim  enter,  into 
kf  and  amcebiMy  and  paramecia^  or  into  the  lowest  forms  of 
-into  forms  of  animal  life,  that  is  to  say,  or  into  forms  of 
able  life;  but  not  much  is  to  be  built  upon  this  fact  in  favor  of 
For  what  follows  ?  Simply  this — ^that  tliese  forms  are  un- 
I  ta  tlie  highest  degree,  and  that,  instead  of  passing  on  into  higher 
\  ct  being,  they  presently  again  break  up  into  their  orit^inal  bac- 
unit*,  which  units  are  destined  again  and  again  to  go  through 
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the  same  narrow  rouud  of  combining  and  separating.  The  eTolotton 
il*  evolution  it  be,  is  kept  within  the  narrowest  limits ;  the  tendency  U 
retrograde  is  quite  as  marked  as  the  tendency  to  go  forward ;  and,  ai 
respects  evolution^  the  conctusion  to  be  drawn  is  even  that  which  hfti 
been  drawn  from  the  changes  witnessed  in  the  pigeon  and  the  dog— 
this  and  no  other.  It  may  be  questioned,  also,  whether  this  doctrine 
of  evolution  derives  as  much  support  as  it  is  supposed  to  do  from  thi 
facts  belongiog  to  astronomy  and  geology. 

The  nebular  hypothesis,  which  may  be  taken  as  the  real  starting- 
point  of  tbe  ductrine  in  question,  is  certainly  very  nebulous.  The  facta 
upon  which  it  is  founded  show  unity  of  plan  ;  of  that  there  need  be  n« 
doubt ;  but  this  unity  of  plan  is  really  a  matter  quite  apart  from  tli6 
nebular  hypothesis  founded  upon  it.  Besides,  where  did  the  heat  < 
from'whieli  kept  up  tlie  nebulous  state  which  preceded  the  formati 
of  the  heavenly  bodies  of  various  sorts,  and  what  has  become  of 
since  the  timL'  of  this  formation?  What  real  proof  is  there  of  the  < 
tinual  cooling  which  ehould  still  be  going  on  according  to  this 
Like  light  and  gravity,  heat  may  result  in  the  mutual  reactions  of  I 
heavenly  boditfs,  or  be  a  property  of  one  or  other  of  these  bodies; 
to  conceive  of  it  as  independent  of  these  bodies  is,  to  say  the  least,  1 
easy  matter.  Indee^l,  so  difficult  is  it  so  to  conceive  of  it,  that,  \ 
the  difficulty  is  overcome,  the  nebular  hypothesis  may  be  set  aeddetf 
a  dream  wliich  is  as  little  calculated  to  give  probability  to  the  doctriaft 
of  evolutioo  as  the  evidence  which  has  been  already  glanced  at. 

And  so  likewise  with  that  particular  evidence  in  favor  of  evolution 
which  the  facts  of  geology  are  supposed  to  supply.  Endless  ages  are 
needed  to  allow  of  evolution  ;  and  the  facts  of  geology  are  believed  t^ 
testify  unequivocally  to  the  lapse  of  these  ages.  But  is  it  sot  If  the 
rock  in  which  the  skeleton  of  a  plesioeaurua  is  embedded  had  l)eeD  fl^ 
posited  as  slowly  as  it  is  supposed  to  have  been  deposited,  every  \X%^ 
of  organization  must  have  decompoBed  and  digappeared  long  »g« 
before  the  animal  could  have  been  covered  up  in  its  bed.  For  Uw 
skeleton  to  be  there  at  all,  indeed,  is  a  plain  proof  that  the  rock,  il 
least  to  the  thickness  needed  for  embedding  it,  must  have  beea^ 
posited  before  decomposition  had  time  to  do  its  work  fully.  And 
likei^ise  in  every  other  analogous  case.  Kay,  it  may  even  be 
tioned  whether  there  has  been  a  separate  upheaval  and  sinking  to  ftD 
of  the  formation  of  each  coal-seam  or  limestone-bed,  for  many  of  I 
seams  and  beds  which  are  parallel  may  have  to  be  explained  as  < 
which  have  to  do  with  one  cataclysm  of  upheaval  and  sinkiiig  \ 
than  with  many  such  cataclysms,  for  how  could  this  strict  par 
be  presen'^ed  if  there  had  been  many  cataclysms  ?  Moreover,  it 
not  be  forgotten  that  there  are  not  a  few  fossils  out  of  place  in  ( 
strata,  fossils  which  ought  not  to  be  where  they  are  if  living  111 
had  made  their  appearance  on  the  earth  in  the  order  required 
doctrine  of  evolution, 
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la  a  word,  I  fail  to  find  anywhere  sufficient  reason  for  believing 
lit  maa  began  his  hiatory  as  a  marme  ascidian,  or  as  a  creature  still 
irer  down  in  the  scale  of  being,  and  that  be  has  worked  his  way  to 
\  present  state  of  civilizatioa  by  ceaseless  stragglings  upward — first, 
I  countless  forms  of  brute  life,  each  one  succeeding  in  the  series  being 
IlitU©  more  advanced  than  that  which  went  before  it;  and  then 
ough  an  interminable  line  of  savage  ancestry,  of  which  tlie  first  in 
the  series  was  only  a  shade  more  advanced  than  the  tailless  ape  of 
which  he  was  the  immediate  descendant.  And  glad  I  am  that  it  is  so ; 
for  this  idea  of  imperfect  being  ever,  and  almost  forever^  straining 
»fler  perfection,  and  constantly  failing  in  the  struggle,  produces  a  feel- 
ing approaching  to  a  painful  shudder.  At  any  rate,  until  these  and 
oUier  difficnlties  are  swept  away,  I  find  it  more  easy  to  accept  the  doc- 
trine of  the  creation  than  to  accept  the  doctrine  of  evolution,  and  to 
ere  that  each  creature  was  created  perfect  in  itself,  and  in  its  rela- 
bB  to  all  other  creatures,  and  to  the  universe  of  which  it  is  a  neces- 
part — 80  perfect  as  to  deserve  to  be  spoken  of  at  the  beginning 
'very  good" — and  that  man  originally  was  no  brute-descended 
p  living  in  a  wilderness,  and  fighting  his  way  step  by  step  upward 
jber  level,  but  a  demi-god,  walking  and  talking  in  a  paradise 
God  in  whose  image  he  was  made,  until,  for  some  fault  of  his 
p  he  was  driven  out  into  the  wilderness,  a  slave  to  body,  naked, 
aU  but  altogether  oblivious  of  every  ihmg  relating  to  his  high 
iL — London  Lancet 


m  QUEST  OF  THE  POLE, 


)CrR  oenturies  ago  the  great  commercial  question  of  Western 
Europe  related  to  a  new  way  of  getting  to  the  Indies.  Colum- 
^ilnick  boldly  westward  to  solve  the  problem,  antJ,  when  he  en- 
land,  supposed  he  had  solved  it ;  and  named  the  conn  try 
,  and  the  people  Ind'mns.  But  it  was  at  length  found  that  the 
I  ditoovery  of  Columbus  was  an  illusion,  and  that  a  great,  new 
bftiTed  the  way  to  India*  Nothing  remained,  then,  but  to 
ad  it  if  possible,  and  so  navigators  struck  for  a  northwest  pas- 
Tlie  Cabots  traced  the  American  coast  from  Virginia  to  Labra- 
,  and  att4iiiipted  to  make  the  passage  to  India  by  the  north.  They 
Aod  navigators  then  tried  the  northeast  passage,  and,  disiip- 
ikerie,  after  many  years,  they  turned  back  again  to  the  alter- 
r«  foal€L  Id  May,  1501,  Gasper  Yasco  sailed  from  Lisbon  with 
1 1)1  ip#  to  accomplish  the  northwest  passage.  These  parted  com- 
ia  m  »lorm  off  the  Greenland  coast,  and  Vasco's  ship  was 
hmrd  of  again.    The  next  year  a  brother  of  Gasper  went  in 
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search  of  him  with  three  ships ;  the  expedition  failed,  however,  au 
but  two  ships  returned. 

In  1576  Martin  Frobiaher,  after  begging  money  of  merchants  foj 
15  years  to  undertake  **the  only  great  thing  left  undone  in  the  world,** 
got  off  with  two  email  vessels^  one  of  25  tons  and  one  of  10,  and 
reached  Labrador  in  safety,  diBCovering  the  strait  which  is  called  by 
his  name ;  but  he  accompliehed  nothing  more. 

In  1585  Captain  John  Davis  started  for  the  northwest  with 
ships,  and  got  as  far  as  latitude  70*^,  discovering  the  strait  which  1 
his  name. 

In  1607  Henry  Hudson  was  commissioned  by  certain  LondoQi 
chants  to  find  a  route  to  India  across  the  pole,  and,  in  a  little  ve 
manned  by  10  men  and  one  boy,  reached  the  east  coast  of  Greenk 
in  latitude  70"".  He  had  gone  beyond  the  80th  parallel  before  his  wttj 
was  blocked  by  the  ice.  He  made  several  voyages,  the  last  in  1010  in 
an  ill-provisioned  ship  and  with  an  unruly  crew ;  but  he  made  his  wij 
through  the  strait  and  into  the  bay  which  bear  his  name.  He  wi! 
frozen  in  during  the  winter ;  his  mutinous  crew  took  control  of  lb€ 
ship,  and  set  hira  adrift  in  an  open  boat  vdxh  his  little  son  and  ui  vnr 
valid  seamen,  and  they  were  never  heard  of  again*  After  this,  eip^ 
ditions  followed  rapidly,  led  by  Poole,  Button,  Bylot,  Baffin,  Mtioek, 
and  others.  After  1631  little  was  done  in  this  direction  for  a  cenia 
There  was  a  revival  of  adventure  between  1741  and  1746,  but  ill-l 
oess  again  discouraged  efforts  for  more  than  half  a  century.  In  l| 
Lord  Musgrave  attempted  to  reach  the  pole,  and  in  1776  Cap 
Cook  tried  to  circiimnaTigate  the  northern  shore  of  America  by  1 
of  Behring's  Strait. 

With  the  opening  of  the  present  centtiry  arctic  enterprise 
to  assume  a  new  phase,  and  was  pursued  more  in  the  interest  of  I 
ence.     If  the  northwest  passage  was  impossible,  it  was  determinedj 
find  out  how  much  was  possible  in  exploring  the  northern  region, 
reach  the  magnetic  and  geographical  poles,  and  ascertain  the  co 
tions  of  the  polar  sea  and  the  accompanying  phenomena,  were 
the  main  objects  of  adventure.     Captain  Scoreeby,  in  1806,  reach 
point  north  of  Spitaibergen  in  latitude  81^  30' — 510  geographical  ] 
from  the  pole.     He  saw  an  open  sea  before  him,  but  his  veesel  wasc 
a  whaler,  and  he  was  answerable  to  her  owners,  so  he  reluctantly  tu 
back.     In  1  Bl  8  two  expeditions  sailed— Bnchan's  and  Ross  and  Pa 
In  1819  Parry  set  out  again,  and  discovered  Prince  RegentV 
Barrow  Strait,  Wellington  Channel^  Melville  Sound,  and  wint 
Melville  Island.   Clavering'6  expedition  (1823),  GrabVs  (1828,  Dan 
Be  BlossevilleV  (1B33,  French),  and  Parry's  third  (1827),  were  str 
for  the  purposes  of  scientific  exploration,  and  not  for  the  discovc 
the  northwest  passage.     Sir  John  Franklin  commenced  his  career  I 
northern  navigator  with  Captain  Buclian,  in    1818,   as  a  Heute 
In  1819,  in  connection  with  Dn  Bichardeon,  he  set  out  from 
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Tori,  HudsoD^s  Bay,  on  an  overland  expedition  to  drcumnavigate  the 
oortKero  coasts  They  were  accompanied  by  Mdshipman  George 
Back^  afterward  Captain  Back,  a  conrageons  and  enterprising  ex- 
fl-rer.  In  1825  Franklin,  Richardson,  and  Back,  again  set  oat  on  an 
i^virland  expedition  for  surveying  the  northern  coast.  In  1829  Captain 
Joho  Ross  entered  Prince  Regent's  Inlet,  and,  after  surveying  tbe  coast 
<rf  tJie  Boothian  Peninsula,  he  went  into  wioter-quarters.  In  the 
ipringof  1831  bis  nephew,  James  Ross,  discovered  the  north  magnetic 

In  1837  the  coast  between  Return  Reef  and  Point  Barrow  was  sur- 
Vfyed  by  De^tn  and  Simpson,  in  the  service  of  the  Hudson's  Bay 
Goapany.  Simpson  was  the  soul  of  the  expedition,  and  had  already 
Ude  a  tramp  of  over  2,000  miles  through  the  wilderness,  and  in  the 
d«pib  of  winter,  Simpson  afterward  continued  the  survey,  and  ac- 
complished a  boat-Toyage  of  over  1,600  miles.  He  died,  at  the  age  of 
tliirty-siXy  by  the  hand  of  an  Indian  assassin. 

Sir  John  Franklin  set  out  on  his  last  voyage  in  1 845,  being  then  in 
hii  sixtietli  year,  ^Hth  two  ships,  the  Erebus  and  the  Terror.  These 
?Hi€k  were  last  spoken,  July  20th,  in  the  same  year,  in  Baffin^s  Bay, 
litilade  77 '^^  In  1848  commenced  the  search  for  Franklin,  The  Plover 
Hecla  took  out  supplies  for  him  to  Behring's  Strait.  His  old  com- 
i  Richardson  went  out  the  same  year,  as  did  also  Sir  James  Ross 
tain  Bird*  In  1850  twelve  ships  joined  in  the  search,  and  in 
S2  six  vessels  sailed  from  England  on  the  same  errand,  McClure, 
inding  the  Investigator,  passed  through  Behring's  Strait  in  1850, 
r  reached  Marcy  Bay  in  1852,  thus  discovering  tbe  northwest 
McClintock  at  length,  in  the  spring  of  1859,  learned  from  a 
ty  of  Esiquimaui,  on  the  southwest  coast  of  Boothia-Felix,  the 
Bmfal  story  of  the  fate  of  Franklin  and  las  men, 
Elisha  Kent  Kane  accompanied  the  first  Gnnnell  expedition  (Ad- 
^Lieutenant  De  Haven)  in  i850-'51,  and  was  commander  of  tliat 
tin  the  second  Grinnell  expedition  in  1853.  On  August  7th  he 
I  Smith's  Sound,  and,  after  encountering  fearful  perils,  found  a 
ill  Rensselaer  Bay,  latitude  78^  38^  The  Advance  was  fated 
^9  to  oome  out  of  that  hay,  and  had  to  be  abandoned  there  two 
later.  April  25,  1854,  he  aet  out  on  a  sledge-journey  north- 
,  draim  by  dogs.  May  4th  he  saw  Great  Humboldt  glacier,  and, 
•emry,  cold,  and  dropsy,  had  wasted  his  strength,  he  woitld 
re  inaiflted  on  adyancing,  but  he  now  became  delirious,  and  hts 
turned  their  faces  shipward.  On  August  24th,  when  it 
i^n  that  there  was  no  hope  of  getting  the  ship  free  from  the  ice, 
\  csall#d  hia  officers  and  men  together  and  announced  his  determi- 
i  lo  remain.  They  were  in  all  17,  and  of  these  nine  chose  to  leave 
r  and  essay  a  return  home.  Kane  now  adopted  the 
i«PC  form  of  house  and  the  Esquimaux  diet,  as  best  suited  to 
He  alio  entered  into  friendly  relations  with  the  natives ; 
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and  tlius  he  waa  enabled  to  live  with  comparative  comfort  in  that  high 
latitude.  The  deserters  returned,  in  great  distress,  December  12th, 
the  thermometer  being  then  50°  below  zero.  The  entire  party  aban- 
doned  the  ship  May  20,  1855,  and  set  out  on  their  long  journey  home- 
ward.   They  reached  New  York  October  11th. 

Dr,  Hayes  was  with  Kane  in  his  second  voyage,  and  in  1860  com- 
manded an  expedition  himself,  intending  to  reach  the  pole.  He  took 
up  his  winter-quarters  at  Port  Foulke,  in  Smith's  Sound,  and  pene- 
trated as  far  north  aa  82**  45'  on  sledgea,  Dr,  Hayes  again  visited 
Greenland  in  the  following  year,  but  restricted  his  labors  to  the  sur- 
vey of  the  southern  coasts  of  the  peninsula. 

The  last  great  polar  expedition^  which  has  just  closed  so  eventfnllyi 
was  in  command  of  Captain  Charles  Francis  Hall,  who  was  !>* 
Cincinnati  in  1826,     He  was  apprenticed  in  early  life  to  a  blacks 
and  worked  for  a  time  at  his  trade.     He  was  a  man  of  vigorous  and  ro* 
bust  development,  of  courteous  and  agreeable  manners,  and,  althongb 
without  a  regular  scientific  education,  he  had  an  acute  and  practical 
mind.     Without  having  studied  the  science  of  navigation,  he  took  to 
it  with  enthusiasm,  and  by  tact  and  experience  became  a  competent 
commander.     In  his  first  voyage  (1860)  he  spent  two  years  and  threi 
months  in  the  arctic  regions.     He  went  out  again  in  1864,  and  stayed 
five  years,  and  then  fully  ascertained  the  time  and  places  where  tbe 
Fratiklin  company  had  perished.     His  last  expedition  was  fitted  oat 
by  the  United  States  Government,  and  he  sailed  from  Xew  York  Jttn« 
26,  1871,  in  the  ship  Polaris,  his  object  being  to  find  the  north-pole. 
She  took  supplies  from  the  United  States  shiji  Congress  at  Disco,  in 
Greenland,  and  in  August  Captain  Hall  bade  adieu  to  eivilizatioD  tl 
Tub  si  sack,  and  pushed  on  toward  the  pole,  while  for  nearly  two  yearf 
nothing  was  heard  from  him.     A  portion  of  the  crew  have  now  r^ 
turned,  from  wliom  we  learn  that  the  ship  reached  latitude  82^^  16',  Iml 
put  back  and  took  up  winter*quarters  in  latitude  81°  38',  and  there  %^t 
was  frozen  up.     On  October  10th  Captain  Hall  started  on  an  expedh 
tion  north,  with  sledges  drawn  by  Esquimaux  dogs,  and  accompanied 
by  the  mate  and  two  Eaquiinaux.     The  party  was  absent  two  weeks, 
and  returned  to  the  ship  on  October  24th.     Captain  Hall  was  immedi' 
ately  taken  sick,  and,  after  fifteen  days'  illness,  he  died  Kovember  %  ! 
1871.     The  following  year,  on  August  12th,  the  Polaris  left  ^^* 
quarters,  got  on  her  beam  ends  on  the  15th  of  the  same  montb.  an 
driven  south  to  latitude  77**  35',  when,  owing  to  the  heavy  pressure  o< 
the  ice,  the  vessel  was  thrown  up,  and  while  landing  stores  broke  froni 
her  moorings  October  15th,  with  a  part  of  the  crew,  and  drifted  away. 
The  party  remaining  on  the  ice  consisted  of  19  persons,  five  of  wboiB 
were  women  and  children.     They  had  two  boats,  and  a  stock  of  ^'^^ 
visions  sufficient  for  a  month,  which,  by  short  rations,  they  deteri 
to  make  last  for  five  months.     One  of  the  boats  was  used  for  iw 
^bgffi  were  no  materials  for  fire.     Snow-huts  were  erected  i 
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floe,  which  driiTted  southward,  and  was  frequently  broken  up  by  etonne. 
To  add  to  the  horror  of  their  Bituatiou,  the  arctic  night  set  in — the  sim 
difiappearing  early  in  December,  and  not  reappearing  until  the  end  of 
Jaotiary — day  being  distinguishable  from  night  only  by  the  diurnal 
streak  of  light  which  appeared  on  the  southern  horizon*  Fortunately 
the  party  had  rifles  and  ammunition,  and  prolonged  their  lives  by 
killing  a  few  seals,  bears,  and  birds,  Thii  life  of  almost  indescribable 
Buffering  was  continued  for  over  six  months,  or  197  days.  They  were 
it  last  rescued  off  Newfoundland  by  the  British  steamer  TigresB,  after 
having  drifted  in  winter  upon  the  ice  a  distance  of  more  than  l,5U0 
miles*  That  the  party  all  survived,  and  were  saved  at  last  in  go<jd 
health,  wa«  attributed  to  the  admirable  discipline  of  the  company 
under  the  intrepid  management  of  Captain  Tyson.  Of  the  scionttBo 
result s  of  the  expedition  we  as  yet  know  little,  but  shall  perhaps  learn 
more  when  the  Polaris,  in  charge  of  Captain  Buddington,  returns,  as 
|he  is  expected  to  do  this  summer. 

TOHK  STUART  MILL,  the  great  English  philosopher,  is  no  more. 
U  He  was  born  in  London,  May  20,  1806,  and  was  consequently 
fear  sixty-seven  years  old  at  the  time  of  his  death.  His  father  was 
James  Mill,  a  man  of  philosophical  intellect  and  wide  attainments,  and 
Jtthor  of  two  celebrated  works,  "  The  History  of  British  India,"  and 
e  Phenomena  of  the  Human  Mind."  Instead  of  being  sent  to 
hool,  the  son  was  carefully  educated  at  home  under  his  father's  su- 
p6rrisioD,  and  in  accordance  with  his  ideas.  His  early  education  was 
thoroughly  classical,  and  he  was  led  into  the  paths  of  philosophical 
qatry  in  which  his  father  was  distinguished.  The  elder  Mill  had 
:  been  employed  in  the  service  of  the  East  India  House,  and,  in 
rben  the  son  was  seventeen  years  old,  his  father  secured  for  him 
an  in  the  same  establishment,  which  he  continued  to  hold  for 
f  years.  He  thus  early  came  in  possession  of  more  than  a  compe- 
te, and  with  abundant  leisure  to  cultivate  the  rare  resources  of  his 
ibd,  and  to  take  his  place  as  a  leader  of  modem  thought.  While  yet 
•Tery  young  man,  he  contributed  various  essays  of  a  bold  and  thought- 
character  to  the  Efiinhurgh  atid  WeHtminater  Mevietos^  and,  some 
1  Uter»  he  became  editor  and  proprietor  of  the  latter  periodical. 
1 1843,  when  he  was  thirty-eight  years  old,  he  published  the  great  work 
WUch  established  his  world-wide  reputation,  "  The  System  of  Logic ;  '* 
lad,  in  1848,  appeared  his  elaborate  treatise, "  The  Principles  of  Political 
Bconomy,**  In  1851,  at  the  age  of  forty-livo,  he  married  Harriet, 
Uaghter  of  Thomas  Hardy,  Esq.,  and  widow  of  John  Taylor,  a  lis>iCk- 
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don  mercLant.  Hia  wife  died  at  ATignon,  in  tlie  south  of  Fraoo 
1958.  She  was  buried  tliere,  and  her  buBlmnd  raised  a  monumentl 
her  memory,  and  has  since  resided  there  much  of  his  time.  He  alao 
dii^d  at  Avij^rnon,  and  rests  iu  the  tomb  beside  Ms  beloved  wife.  In  1850 
appeared  his  "  Essay  on  Libertyj"  and  his  *'  Discussions  and  Disfierti- 
tions"  in  180O.  In  18C3,  when  in  Ms  sixtieth  year,  Air,  Hill  WM 
elected  to  Pnrliament  from  the  district  of  Westminster,  in  London, 
and  he  was  again  a  candidate,  in  1868,  in  tlie  conslituency  of  West* 
minster,  but  was  beaten  by  a  rich  Tory  newsniealer.  His  work  entitled 
**  Considerations  on  Representative  Government "  appeared  in  1881, 
and  that  on  "  UtilitarianiBm  "  in  1803.  The  work  upon  which  his  rep* 
utation  as  a  metaphysician  will  chiefly  rest  is  "The  Examination  of 
Sir  William  Hamilton's  Philosophy,'*  published  in  1805.  In  1869  ap- 
peared  his  little  book  on  the  "  Subjection  of  Woman,"  and  his  IabI 
production,  a  review  of  Grote's  unfioiBhod  "Aristotle,**  appeared  in 
the  I'ortnightly  Heview  for  January  of  the  present  year. 

In  personal  appearance  Mr.  Mill  was  slight  in  form,  of  medium 
height,  somewhat  stooping,  with  a  bald  head  and  a  eonspicuouB  wen 
on  the  left  side  of  the  forehead.  His  small  gray  eyes  were  penetrsi' 
ing  and  restless,  and  the  nose  aquiline  and  prominent.  He  had  ihio, 
compressed  lips,  with  a  very  decided  but  agreeable  expression  of 
mouth.  His  face  was  clean-shaven  and  bloodless,  and  he  had  a  pej* 
petual  nervous  movement — a  sort  of  twitching  of  the  lips  and  eyes. 
His  manners  were  unassuming  and  agreeable,  but  somewhat  diffident 
and  constrained.  There  was  a  nervous  uncertainty  in  his  movemezitfl 
which  at  first  suggested  lameness.  He  had  a  thin^  weak  voice,  aad 
spoke  at  times  with  a  partial  stammer.  Although  no  orator,  he  waai 
clear,  self-possessed,  and  forcible  public  speaker,  who  relied  upon  j 
ment  rather  than  rhetoric  to  impress  his  hearers.  In  temperament ' 
was  far  from  being  the  cold,  intellectual  machine  which  the  readers  of 
his  "  Logic  "  might  suppose  him  to  be.  His  nature  was  symj 
and  capable  of  strong  attachments,  and  he  could  hate  his  emi 
well  as  love  his  friends. 

The  following  sketches  and  estimates  of  Mr.  MilPs  career  and  c| 
acter  are  from  the  London  Examiner^  which  issued  a  memorial 
her.     Some  of  the  minor  contributions  have  been  omitted,  and  oli 
sligbtly  condensed  ;  but  those  herewith  published  form  a  very 
able  Bummary  of  Mr.  Mill's  traits  and  labors  • 
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HIS  EDUCATION  AND  MARRIAOR. 
BY  B.  B*  FOX  Bomurx* 

jAikfES  Mill  was  living  in  a  house  at  Pentonville  wben  hifl  i 
was  born  ;  and,  partly  because  of  the  peculiar  abilities  that  the 
displayed  from  the  first,  partly  because  he  could  not  afford  to 
cure  for  him  elsewhere  such  teaching  as  he  was  able  himself  to 
him,  he  took  his  education  entirely  into  his  own  hands.     With  i 
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Rint^TC«t— even  jealona  interestj  it  would  seem — Benthara  watched  that 
■dncatioQ,  appears  from  a  pkasant  little  letter  addressed  to  him  by  the 
■Ider  Mill  in  1812.     '*  I  am  not  going  to  die,"  he  WTote,  "  notwithstand- 
ing your  «eal  to  come  in  for  a  legacy.     However,  if  I  were  to  die  any 
lime  before  thia  poor  boy  ia  a  man,  one  of  the  things  that  wo\ild  pinch 
me  most  sorely  would  be  the  being  obliged  to  leave  his  mind  unmade 
to  the  degree  of  excellence  of  which  I  hope  to  make  it.     But  another 
tUog  ifi,  that  the  only  prospect  which  would  lessen  that  pain  would  he 
dbe  leaTiQg  hira  in  your  hands.     I,  therefore,  take  your  oifer  quite  se- 
rbnalyj  and  stipulate  merely  that  it  shall  be  made  as  soon  as  possible, 
jid  then  we  may  perhaps  leave  him  a  successor  worthy  of  both  of  ue." 
Bwas  a  bold  hope,  but  one  destined  to  be  fully  realized.     At  the  time 
Bits  utterance,  the  "  poor  boy'*  was  barely  more  than  six  years  old. 
He  intellectual  powers  of  which  he  gave  such  early  proof  Avere  care- 
By,  but  apparently  not  excessively,  cultivated.     Mrs.  Grote,  in  her 
lbBlj-[mblished  "  Personal  Life  of  George  Grote,"  has  described  him 
Bhe  appeared  in  1817,  the  year  in  which  her  husband  made  the  ac- 
■laiitaDoe  of  his  father:  **  John  Stuart  Mill,  then  a  boy  of  about 
Hdve  years  old  " — he  was  really  only  eleven — '*  was  studying,  with 
H  Cither  as  his  sole  preceptor,  under  the  paternal  roof.     Tin  question- 
^Brfprward  for  his  years,  and  already  possessed  of  a  competent 
I^B^^  ^^  Greek  and  Latin,  as  welt  as  of  some  subordinate  though 
■Bd  attainments,  John  was,  as  a  boy,  somewhat  repressed  by  the 
Hbr  Mill,  and  seldom  took  any  share  in  the  conversation  carried  on 
■  the  society  frequenting  the  house."     It  is,  perhaps,  not  strange  that 
^■iirllf  etoren,  at  any  rate  a  boy  who  was  to  become  so  modest  a  man, 
Hkt  noi  take  much  part  in  general  conversation,  and  Mr.  Mill  bim- 
Br  aeTer,  in  referring  to  his  father,  led  his  hearers  to  suppose  that  he 
Bi|at  a  ebild,  been  in  any  way  imduly  repressed  by  him.     The  tender 
Bketion  with  which  he  always  cherished  his  father's  memory  in  no 
^Wf  sanctions  the  belief  that  he  was  at  any  time  subjected  to  unrea- 
Bttble  discipline.     By  him  his  father  was  only  revered  as  the  best 
Bl  Idndest  of  teachers, 

B  T\m  loil  was,  in  the  summer  of  1820,  sent  to  France  for  a  year  and 
Btll  For  several  months  he  lived  in  FariSj  in  the  house  of  Jean  Bap- 
Bte  Saj^  the  political  economist.  The  rest  of  his  time  was  passed  in 
K  mmpmj  of  Sir  Samuel  Bentham,  Jeremy  Bentham's  brother. 
Bijr  ta  183^,  before  he  was  eighteen,  he  returned  to  London^  soon  to 
■er  the  India  Office  as  a  clerk  in  the  department  of  which  his  father 
Bldllel  In  that  office  he  remained  for  five-and-thirty  years,  acquit- 
B|  ISmmM  with  great  ability,  and  gradually  rising  to  the  most  re- 
^btibk  position  that  could  be  held  there  by  a  subordinate. 
BBuI,  thi>ogh  he  was  thus  early  started  in  life  as  a  city-clerk,  his 
Bkmning  and  his  education  by  his  father  were  by  no  means  aban* 
^bod*  The  ancient  and  modem  languages,  as  well  as  the  various 
Bieliea  of  philosophy  and  philosophical  thought  in  which  he  was 
B  toa.  nLr-M 
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afterward  to  attain  such  eminence,  were  studied  by  him  in  the  earij 
momingH,  under  the  guidance  of  his  father,  hefore  going^  down  to  paefl 
his  days  in  the  India  Office.  Daring  the  euoimer  evenings,  and  m 
8ttch  holidays  aa  he  could  get,  he  began  those  pedestrian  exploitafl 
which  he  afterward  became  famoue,  and  in  which  his  mam  pleasure  JP 
pears  to  have  consisted  in  collecting  plants  and  flowers  in  aid  of  the 
botanical  studies  that  were  his  favorite  pastime,  and  something  morei 
all  through  his  life.  That  he  worked  early  and  with  wonderful  ability io 
at  least  one  very  deep  line  appears  from  the  fact  that,  while  he  was  ttiH 
only  a  lad,  Jeremy  Bentham  intrusted  to  him  the  preparation  for  the 
press, and  the  supplementary  annotation,  of  his  **  Rationale  of  Judid 
Evidence."  That  work,  for  which  he  was  highly  commended  hj 
author,  published  in  1827,  contains  the  first  public ly-ack no wledg 
literary  work  of  John  Stuart  Mill  While  he  was  producing  that 
suit  of  laborious  study  in  a  special  and  intricate  subject,  hie  educ 
in  all  sorts  of  other  ways  was  continued. 

A  writer  in  the  Timm  remarks;  "He  was,  by  all  aocouDts,4 
extraordinary  child  ;  and  it  is  within  our  personal  knowledge  tin 
was  an  extraordinary  yooth  when,  in  1824,  he  took  the  lead 
London  Debating  Club  in  one  of  the  most  remarkable  collections  of 
'  spirits  of  the  age '  that  ever  congregated  for  intellectual  gladiatorship, 
he  beijig  by  two  or  three  years  the  junior  of  the  clique.  The  rivalry 
was  rather  in  knowledge  and  reasoning  than  in  eloquence  ;  mere  decla- 
mation was  discouraged ;  and  subjects  of  paramount  importance  ^ 
conscientiously  thought  out." 

Having  retired  from  the  India  House  in  1858,  Mr.  Mill  weal 
spend  the  winter  in  Avignon,  in  the  hope  of  improving  the  br 
health  of  the  wife  to  whom  he  was  devotedly  attached*     He  had 
been  married   many  years,  but  Mrs.  Mill  had  been  his  friend  i 
1835*      During  more  than  twenty  years  he   had  been  aided  by 
talents   and  encouraged  by  her  sympathy  in   all  the  work  he  \ 
undertaken,  and  to  her  rare  merits  he  afterward  paid  more  than  < 
tribute  in  terms  that  have  no  equal  for  the  intensity  of  their  lang 
and  the  depth  of  affection  contained  in  them.     Mrs.  Mill's  weak 
of  health  seems  to  have  hardly  repressed  her  powers  of  intellect. 
her  was  written  the  celebrated  essay  on  "The  En^nchisemeTiti 
Women "  contributed  to  the  Westmituter  JReview^  and  aft^rwanll 
printed  in  the  "  Dissertations  and  Discussions,"  with  a  preface  avoi 
that  by  her  Mr.  Iklill  had  been  greatly  assisted  in  all  that  he  had  i 
for  some  time  previous.     But  the  assistance  was  to  end  now. 
Mill  died  at  Avignon,  November  3,  185S,  and  over  her  grave 
placed  one  of  the  most  pathetic  and  eloquent  epitaphs  thai  have 
ever  penned,     "  Her  great  and  loving  heart,  her  noble  soul,  her  clcir, 
powerful,  original,  and  comprehensive  intellect,"  it  was  there  writteife' 
"made  her  the  guide  and  support,  the  instructor  in  wisdom,  . 
example  in  goodness,  as  she  was  the  sole  earthly  delight,  of  iL 
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I  the  happiness  to  belong  to  her.  As  earnest  for  all  pablic  good  as 
as  generous  and  devoted  to  all  who  Burroimded  hoFj  her  influence 
)m  been  felt  in  many  of  the  greatest  improvements  of  the  age,  and  will 
be  to  tho8€  still  to  come.  Were  there  even  a  few  hearts  and  intellects 
like  hers,  this  earth  would  already  become  the  hoped-for  heaven.'' 
Henoeforth,  during  the  fourteen  years  and  a  half  that  were  to  elapse 
before  he  should  be  laid  in  the  same  grave,  Avignon  was  the  chosen 
kont  of  Mr.  Mill. 

Parsing  much  of  his  time  in  the  modest  house  that  he  had  bought, 
that  be  might  be  within  sight  of  his  wife's  tomb,  Mr.  Mill  was  also  fre- 
queatly  in  London,  whither  he  came  especially  to  facilitate  the  new 
oome  of  philosophical  and  political  writing  on  which  he  entered.  He 
fcttod  relief  also  in  excursions,  one  of  which  was  taken  nearly  every 
jeiT,  in  company  with  his  step-daughterj  Miss  Helen  Taylor,  into  va- 
parts  of  Europe.  Italy,  Switzerland,  and  many  other  diptricta 
'  explored,  partly  on  foot  with  a  keen  eye  both  to  the  natural  feat* 
of  the  localities,  especially  in  furtherance  of  those  botanical 
lies  to  which  Mr.  Mill  now  returned  with  the  ardor  of  his  youth, 
I  also  to  their  social  and  political  institutions* 


H38  OAKKEE  IN  THE  INDIA  HOUSE. 

»T  W.   T»  THORNTON. 

Is  1823  the  illustrious  subject  of  theae  brief  memoirs,  then  a  lad 

rserenteeii,  obtained  a  clerkship  under  his  father.     According  to  the 

dinary  course  of  things   in  those  days,  the  newly-appointed  junior 

lid  have  had  nothing  to  do,  except  a  little  abstracting,  indexing, 

ad  seai^hlng  or  pretending  to  search  into  records  j  but  young  Mill 

I  almost  immediately  set  to  indite  dispatches  to  the  governments  of 

be  ibree  Indian  Presidencies,  on  what,  in  India  House  phraseology, 

distingmshed  as  "  political "  subjects — subjects,  that  is,  for  the 

part  growing  out  of  the  relations  of  the  said  governments  with 

ire  "  states  or  foreign  potentates.     This  continued  to  be  his  buai- 

I  abnoBi  to  the  last.     In  1828  he  was  promoted  to  be  Assistant  Ex- 

p,  aod  in  1856  he  succeeded  to  the  post  of  Chief  Examiner,  after 

A  his  duty  consisted  rather  in  supervising  what  his  Assistants  bad 

ihmn  in  writing  himself;  but,  for  the  tbree-and-twenty  years 

iig,  be  had  had  immediate  charge  of  the  Political  Department, 

1  bad  written  almost  every  **  political "  dispatch  of  any  importance 

ooiiTeyed  the  iostructions  of  the  merchant  princes  of  Leaden- 

1  Blreet  to  their  proconsuls  in  Asia,     Of  the  quality  of  these  docu- 

i  it  is  iufficient  to  say  that  they  were  John  Mill's ;  but,  in  respect 

I  tbeir  qtumtity,  it  may  be  worth  mentioning  that  a  descriptive  cata- 

}  of  tbem  completely  fills  a  small  quarto  volume  of  between  300 

L4M pages,  in  their  author's  handwriting,  which  now  lies  before  me ; 

\  llutt  the  ab^u^  of  the  Court  of  Directors  in  the  correspondence  be- 

tbemftelTet  and  the  Indian  governments  used  to  average  annually 
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about  ten  huge  Yellum-bouud  volumes,  foolscap  eke,  aod  five  or  iB 
laches  thick,  and  that  of  these  volumes  two  a  year,  for  more  thfl 
thau  twenly  years  ruixumg,  were  exclusively  of  Miirs  composition! 
thk,  too,  at  tunes  when  he  was  engaged  upon  such  voluntary  work 
in  addition  as  his  *'  Logic  "  and  "  Political  Economy." 

In  185V  broke  out  the  Sepoy  war,  and  in  the  following  yeartfee 
East  ludia  Company  was  cxtliiguitihed  in  all  but  the  name,  its  govern- 
mental functions  being  transferred  to  the  crown.  That  most  illustri- 
ous of  corporations  died  hard,  and  with  what  affectionatB  loyalty  Mill 
struggled  to  avert  its  fate  is  evidenced  by  the  famous  petition  lo  Pm- 
lianient  which  he  drew  up  for  his  old  masters,  and  which  opens  with 
the  following  effective  aotithesia:  "  Your  petitioners,  at  their  own  ex- 
pense, and  by  the  agency  of  their  own  civil  and  military  semot!, 
originally  acquired  for  this  country  its  magnificent  empire  in  the  East 
The  foundations  of  this  empire  were  laid  by  your  petitioners  at  that 
time,  neither  aided  nor  controlled  by  Parliament,  at  the  same  jM?nod 
at  which  a  succession  of  administrations  under  the  control  of  Parlii* 
ment,  were  losing  by  their  incapacity  and  rashness,  another  great  em* 
pii-e  on  the  opposite  side  of  the  Atlantic." 

I  am  fortunate  enough  to  be  the  possessor  of  the  original  MS.  of 
this  admirable  state  paper,  which  I  mention,  because  I  once  heard  it* 
real  authorship  denied  in  that  quarter  of  all  others  in  which  it  migbl 
have  been  supposed  to  be  least  likely  to  be  qucBtioned.    On  one  of  U;« 
last  occasions  of  the  gathering  together  of  the  proprietors  of  Eart 
India  stock,  I  could  scarcely  believe  my  ears,  when  one  of  the  (hrect- 
tors,  alluding  to  the  petition,  spoke  of  it  as  having  been  written  bU 
certain  other  official  who  was  sitting  by  his  side,  adding  after  a  M 
mentis  pause,  ^^  with  the  assistance  as  he  understood,  of  Mr.  MiH 
likewise  present*     As  soon  as  the  court  broke  up,  I  burst  into  3GH 
room,  boiling  over  with  indignation,  and  exclaiming,  "  What  an  9 
famous  shame  t "  and  no  doubt  adding  a  good  deal  more  than  folloiM 
in  natural  sequence  on  such  an  exordium.     "What's  the  matter?" I 

plied  Mill,  as  soon  as  be  could  get  a  word  in,  "  M (the  direeffl 

was  quite  right.     The  petition  was  the  joint  work  of and  ifl 

sel£"  ^*  How  can  you  be  so  perverse  ?  '^  I  retorted.  "  Ton  know  ^^k 
I  know  you  wrote  every  word  of  it,"  **No,"  rejoined  ISiIill,  **  you  fl 
mistaken ;  one  whole  line  on  the  second  page  was  put  in  by ^.''H 

The  nearest  approach  made,  throughout  our  intercourse,  to  ^| 
thing  of  an  unpleasant  character,  was  about  the  time  of  his  retireoH 
from  the  India  House.  Talking  over  that  one  day,  with  two  or  tlfl 
of  my  colleagues,  I  said  it  would  not  do  to  let  Mill  go  without  reofl 
ing  some  permanently  visible  token  of  our  regard.  The  motion  ^| 
no  sooner  made  than  it  was  carried  by  acclamation.  Every  nienfl 
of  the  Examiner's  office — for  we  jealously  insisted  on  confining  fl 
affair  to  ourselves — came  tendering  his  subscription,  scart  i  '  '?fl 
to  be  asked  \  in  half  an  hour^s  time  some  iZaO  or  £60—1  i<.\  _  M 
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Jam — was  collectedj  which,  in  doe  course,  was  inveBted  in  a  superb 
ver  inkstand,  designed  by  our  friend  Digby  Wyatt,  and  manufac* 
red  by  Messrs.  Elkington,  Before  it  was  ready,  however,  an  unex- 
eted  trouble  arose.  In  some  way  or  other,  Mil!  had  got  wind  of  our 
ceeding^  and,  coming  to  mo  in  consequence,  began  almost  to  up- 
id  me  as  its  originator.  I  had  never  before  seen  him  so  angry.  He 
id  all  such  demonstrations,  he  said,  and  was  quite  resolved  not  to 
made  the  subject  of  them.  He  waa  sure  they  were  never  altogetlier 
iO!ue  or  spontaneous.  There  were  always  several  persons  who  took 
t  iu  them,  merely  because  they  did  not  like  to  refuse,  and  in  sbortj 
lever  we  might  do,  he  would  have  none  of  it.  In  vain  I  repre- 
led  how  eagerly  everybody,  without  exception,  had  come  forward; 
we  had  now  gone  too  far  to  recede;  that  if  he  would  not  take  the 
Itand,  we  should  be  utterly  at  a  loss  what  to  do  with  it,  and  that  I 
If  should  be  in  a  specially  embarrassing  position.  Jlill  was  not 
moved.  This  was  a  question  of  principle,  and  on  principle  he 
d  not  give  way.  There  was  nothing  left,  therefore,  but  resort  to 
ecies  of  foree.  I  arranged  with  Messrs.  Elkington  that  our  little 
monial  should  be  taken  down  to  Mr.  Milfs  house  at  Blackhcath, 
one  of  their  men,  who,  after  leaving  it  ivith  the  servant,  should 
away  without  waiting  for  an  answer.  This  plan  succeeded,  but 
ure  always  suspected,  though  she  never  told  rac  so,  that  its  success 
maiiily  due  to  Mss  Helen  Taylor's  good  offices.  But  for  her,  the 
Itand  would  almost  certainly  have  been  returned,  instead  of  being 
loted,  as  It  eventually  was,  to  a  place  of  honor  in  her  own  and 
iatber^a  drawing-room. 

HIS  MORAL   CBARACTER. 

BT  HSBBEBT  SPKNCKB, 

Ta  dilate  upon  Mr.  MilPs  achievements,  and  to  insist  upon  the 
mt%i^  of  his  influence  over  the  thought  of  his  time,  and  consequent- 
iT€P  the  actions  of  his  time,  seem  to  me  scarcely  ncedtui  The 
•  are  wifficiently  obvious ;  and  are  recognized  by  all  who  know 
thing  about  the  progfess  of  opinion  during  the  last  half-century* 
own  estimate  of  him,  intellecttially  considered,  has  been  emphati- 
fi  t&Oflgb  briefly,  given  on  an  occasion  of  controversy  between  uSj 
ftxpresttog  my  regret  at  **  having  to  contend  against  the  doctrine 
me  wliOfte  agreement  I  should  value  more  than  that  of  any  other 


While,  however,  it  is  almost  superfluous  to  assert  of  him  that  intel- 
sial  height  so  generally  admitted,  there  is  more  occasion  for  draw- 
ls attention  to  a  moral  elevation  that  is  lees  recognized,  partly  be* 
E>  his  activities  in  many  directions  afforded  no  occasion  for  exhib- 
it^ and  partly  because  some  of  its  most  remarkable  manifestalions 
nduct  are  known  only  to  those  whose  personal  relations  with  him 
caUed  them  forth.     I  feel  especially  prompted  to  say  something 
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in  on 


on  this  point,  because,  where  better  things  might  have  been  expect«(( 
there  has  been,  not  only  a  grudging  recognition  of  intellectual  rank, 
but  a  marked  blindness  to  those  fine  traits  of  character  which^  in  the 
valuation  of  men,,  must  go  for  more  than  superiority  of  intelligence* 

It  might,  iodeed,  have  been  supposed  that  even  those  ivbo  oeMfa 
enjoyed  the  pleasure  of  pergonal  acquaintance  with  Mr.  Milt,  woqjl 
have  been  impressed  with  the  nobility  of  hia  nature  as  indicated  in  hit 
opinions  and  deeds*  How  entirely  his  public  career  has  been  del 
mined  by  a  pure  and  strong  sympathy  for  his  fellow-men — how  enti 
ly  this  sympathy  has  subordinated  aO  desires  for  personal  advaol 
— how  little  even  the  fear  of  being  injured  in  reputation  or  posil 
has  deterred  him  from  taking  the  course  which  he  thought  equitable 
or  generous — ought  to  be  manifest  to  every  antagonist,  however  bit- 
ter. A  generosity  that  might  almost  be  called  romantic  was  obxioos* 
ly  the  feeling  prompting  sundry  of  those  courses  of  action  which  Late 
been  commented  upon  as  errors.  And  nothing  like  a  true  conception 
of  him  can  be  formed  unless,  along  with  dissent  from  them,  there  goe§ 
recognition  of  the  fact  that  they  resulted  from  the  eagerness  of  » 
noble  nature,  impatient  to  rectify  injustice,  and  to  further  human  welfare. 

It  may,  therefore,  perhaps,  be  that  my  own  perception  of  this  |)e^ 
vading  warmth  of  feeling  has  been  sharpened  by  seeing  it  exemplified, 
not  in  the  form  of  expressed  opinions  only,  but  in  the  form  of  private 
actions*  For  Mr.  Mill  was  not  one  of  those  who,  to  sympathy  with 
their  fellows-men  in  the  abstract,  join  indifiereuce  to  them  in  tbe  tm- 
erete.  There  came  from  him  generous  acts  that  corresponded  nith  to 
generous  sentiments.  I  say  this  not  from  second-hand  knowledge, bo* 
having  in  mind  a  remarkable  example  known  only  to  myself  and  i  f«^ 
friends,  I  have  hesitated  whether  to  give  this  example  j  seeing 
it  has  peraonal  implications.  But  it  affords  so  clear  an  insight  ii 
Mr,  Mill's  character,  and  Bhows  so  much  more  vividly  than  aof 
script  ion  could  do  how  fine  were  the  motives  swaying  hiscondact, 
I  think  the  occasion  justifies  disclosure  of  it. 

Some  seven  years  ago,  after  bearing  as  long  as  was  possible 
continued  losses  entailed  on  me  by  the  publication  of  the  '^ 
Philosophy,"  I  notified  to  the  subscribers  tliat  I  should  bt 
oease  at  the  close  of  the  volume  then  in  progress.     Shortly  after 
issue  of  this  announcement,  I  received  from  Mr.  Mill  a  letter,  in 
after  expressions  of  regret,  and  after  naming  a  plan  which  he 
to  prosecute  for  reimbursing  me,  he  went  on  to  say :  "  In  the 
place  .  .  .  .  what  I  propose  is,  that  you  should  write  the  next 
treatises,  and  that  I  should  guarantee  the  publisher  against  1( 
should  engage,  after  such  length  of  time  as  may  be  agreed  on, 
good  any  deficiency  that  may  occur,  not  exceeding  a  given 
sum  being  such  as  the  publisher  may  think  sufficient  to  secui^ 
Now^  though  these  arrangements  w^ere  of  kinds  that  I  could  not 
myself  to  yield  to,  they  none  the  less  profoundly  impressed 
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Mr.  Mill's  nobility  of  feeling,  and  his  anxiety  to  farther  what  he  re- 
garded m  a  beneficial  end.  Such  proposals  would  have  been  remark- 
able even  had  there  been  entire  agreement  of  opinion.  But  they  were 
the  mom  remarkable  as  being  made  by  him  under  the  conseiouBiiess 
ibit  there  existed  between  ub  certain  fundameutal  differences,  openly 
aTOwei  I  had,  both  directly  and  by  implication,  combated  that  form 
of  the  experieDtial  theory  of  human  knowledge  which  characterizea  i 
Mr.  Mill's  philosophy  \  in  upholding  Realism,  I  had  opposed,  in  decided 
ways,  those  metaphysical  systems  to  which  his  own  Idealism  was 
closely  allied ;  and  we  had  long  carried  on  a  controversy  respecting 
the  test  of  truth,  in  which  I  had  similarly  attacked  Mr.  Miirs  positions 
in  an  outspoken  manner.  That  under  such  circumstances  he  should 
have  volunteered  his  aid,  and  urged  it  upon  me,  as  he  did,  on  the 
grooad  that  it  would  not  imply  any  personal  obligation,  proved  in  him 
a  very  exceptional  generosity. 

Quite  recently  I  have  seen  afresh  illustrated  this  fine  trait — this 
ability  to  bear  with  unruffled  temper  and  without  any  diminution  of 
kindly  feeling  the  publicly*ex pressed  antagonism  of  a  friend.  The  last 
evening  I  spent  at  his  house  was  in  the  company  of  another  invited 
goert,  who,  originally  agreeing  with  him  entirely  on  certain  disputed 
questions,  bad  some  fortnight  previously  displayed  his  change  of  view 
-^y,  had  publicly  criticised  some  of  Mr.  Mill's  positions  in  a  very 
'Uidiagiiised  manner.     Evidently,  along  with  his  own  im swerving  alle- 

» glance  to  truth,  there  was  in  Mr.  Mill  an  unusual  power  of  appreci- 
»tbg  in  others  a  like  conscientiousness;  and  so  of  suppressing  any 
&«IiQg  of  irritation  produced  by  difterence — suppressing  it  not  in  ap- 
pewance  only,  but  in  reality ;  and  that,  too,  under  the  moat  trying 
circumstances. 

I  ihould  say,  indeed,  that  Mr.  Mill's  general  characteriatie,  emo- 
tiooally  considered,  was  an  unusual  predominance  of  the  higher  senti- 
ments—a predominance  which  tended,  perhaps,  both  in  theory  and 
practice,  to  subordinate  the  lower  nature  unduly.     That  rapid  advance 
of  age  which  has  been  conspicuous  for  some  years  past,  and  which 
K doubtless  prepared  the  way  for  his  somewhat  premature  death,  may,  I 
Bibink^  be  regarded  as  the  outcome  of  a  theory  of  life  which  made 
learning  and  working  the  occupations  too  exclusively  considered.     But, 
when  we  ask  to  what  ends  he  acted  out  this  theory,  and  in  so  doing 
\    too  little  regarded  his  bodily  welfare,  we  see  that  even  here  the  excess, 
■ff  ioch  we  call  it,  was  a  noble  one.     Extreme  deeire  to  further  human 
Welfare  was  that  to  which  he  sacrificed  himself. 


»HIS  BOTANICAL  STODIEa 
I  BT   HENBT   TRIMXN, 

\m  we  would  have  a  just  idea  of  any  man's  character,  we  should 
fiW  it  from  as  many  points  and  under  as  many  aspects  as  we  can, 
flide-lighta  thrown  by  the  lesser  occupations  of  a  life  are  often 
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yery  strong,  and  briog  out  its  less  obyious  parts  into  startling  promi- 
nence. Much  espeeialJy  is  to  be  learned  of  character  by  taking  into 
consideration  the  employment  of  times  of  leisure  or  relaxation,  the 
occupation  of  such  hours  being  due  almost  solely  to  the  natural  kul 
of  the  individual,  without  the  interfering  action  of  necesfeity  or  ex- 
pediency. Most  men,  perhaps  especially  eminent  men^  have  a  **  lob- 
by," some  absorbing  object,  the  pursuit  of  which  forms  the  most 
natural  avocation  of  their  mind,  and  to  which  they  turn  with  the 
tainty  of  at  least  satisfaction,  if  not  of  exquisite  pleasure.  The 
who  follows  any  branch  of  natural  science  in  this  way  is  almost  al^ 
especially  hapjiy  in  its  prosecution,  and  his  mental  powers  are 
freshed  and  invigorated  for  the  more  serious  and  engrossing,  if  lew 
congenial,  occupation  of  his  life.  Mr*  Mill's  hobby  was  practical  field 
botany ;  surely  in  all  ways  one  very  well  suited  to  him. 

Of  the  tens  of  thousands  who  are  acquainted  with  the  philo80|>hi' 
cal  writings  of  Mr.  MilJ,  there  are  probably  few  beyond  the  circle  of 
his  personal  friends  who  are  aware  that  he  was  also  an  author  in  i 
modebt  way  on  botanical  subjects,  and  a  keen  searcher  after  wild 
plants.    His  short  commumeations  on  botany  were  chiefly,  if  not  «h 
tlrely,  published  in  a  monthly  magazine  called  the  Phytologist^  edited 
from  its  commencement  in  1841  by  the  late  George  Luxford  till  hii 
death  in  1854,  and  afterw^ard  conducted  by  Mr.  A«  Irvine,  of  Chelge»i 
an  intimate  friend  of  Mr,  Mill's,  till  its  discontinuance  in  1863.    In  the 
early  numbers  of  thii*  periodical  especially  will  be  found  frequeol 
notes  and  short  papers  on  the  facts  of  plant*distribution  brought  W 
light  by  Mn  Mill  during  his  botanical  rambles.     His  excursions  well 
chiefly  in  the  county  of  Surrey,  and  especially  in  the  neighborhood  rf 
Guildford  and  the  beautiful  vale  of  the  Sittingboume,  where  he  W 
the  satisfaction  of  being  the  flrst  to  notice  several  plants  of  intereit^B^ 
Polygonum   dumetorum^  IscUis   tinctoria,  and   Impatietis  fulva,  •■ 
American  species  of  balsam,  affording  a  very  remarkable  example  d 
complete  naturalisation  in  the  Wey  and  other  streams  connected  ^th 
the  lower  course  of  the  Thames,     Mr.  Mill  says  he  first  observed  thi* 
interloper  in  1822,  at  Albury,  a  date  which  probably  marks  about  fM 
commencement  of  his  botanical  investigations,  if  not  that  of  the  fifl 
notice  of  the  plant  in  this  country.     Mr.  Miirs  copious  MS.  lists  ottM 
servations  in  Surrey  were  subsequently  forwarded  to  the  late  3lr.  9fl 
mon  of  Godalming,  and  have  been  since  published  with  the  large  cfl 
lection  of  facts  made  by  that  botanist  in  the  "Flora  of  Surrey,"  prinlH 
under  the  auspices  of  the  Holmesdale  (Rcigate)  Natural  History  ClM 
Mr.  Mill  also  contributed  to  the  same  scientific  magazine  some  sbdH 
notes  on  Hampshire  botany,  and  is  believed  to  have  helj>ed  in  tH 
compilation  of  Mr.  G.  G.  Mill's  "  Catalogue  of  the  Plants  of  GrtM 
Marlow,  Bucks,'^  fl 

Duritig  his  frequent  and  latterly  prolonged  residence  at  Avi^ofl 
Mr.  Mill^  carrying  on  his  botanical  observations,  had  become  very  tfl 
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Attainted  with  the  vegetation  of  tLe  diHtrict,  and,  at  the  time  of  his 
death,  had  collected  a  mass  of  notes  and  observations  on  the  subject. 
It  is  believed  to  have  been  his  intention  to  have  printed  these  as  the 
foundation  of  a  flora  of  Avignon. 

Id  the  slight  contributionB  to  the  literature  of  botany  made  by  Mr. 
Mill,  there  is  nothing  which  gives  aoy  inkling  of  the  great  intellectual 
powers  of  their  writer.  Though  always  clear  and  accurate,  they  are 
merely  such  notes  as  any  working  botanical  collector  is  able  to  supply 
hi  ftbimdauce.  Mainly  content  with  the  pursuit  as  an  out-duor  oecnpa* 
tion^  with  such  an  amount  of  home-work  as  was  necessary  to  determine 
llieuames  and  affinities  of  the  species,  Mr.  Mill  never  penetrated  deep- 
ly into  the  philosophy  of  botany,  so  aa  to  take  rank  among  those  who 
hAve,  Uke  Herbert  Spencer,  advanced  that  science  l>y  original  work 
either  of  experience  or  generalization,  or  have  entered  into  the  battle- 
fold  where  the  great  biological  questions  of  the  day  are  being  fought 
OTcr.  The  writer  of  this  notice  well  remembers  meeting,  a  few  years 
*mce,the  (at  that  time)  parliamentary  logician,  with  his  trousers  turned 
up  out  of  the  mud,  and  armed  with  the  tin  insignia  of  his  craft,  busily 
occupied  in  the  search  after  a  marshdoving  rarity  in  a  typical  spongy 
^Ood  on  the  clay  to  the  north  of  London. 

But,  however  followed,  the  investigation  of  Nature  cannot  fail  to 
influence  the  mind  in  the  direction  of  a  more  just  appreciation  of  the 
o^oessity  of  system  in  arrangement^  and  of  the  principles  which  must 
T'&^ljite  all  attempts  to  express  notions  of  system  in  a  classificatioD* 
Traces  of  this  are  not  difficult  to  find  in  Mr.  Mill's  writings.  It  may 
^  ufely  stated  that  the  chapters  on  clasaifi cation  in  the  **  Logic  '* 
would  not  have  taken  the  form  they  have  had  not  the  writer  been  a 
naturalist  as  well  as  a  logician^  The  views  expressed  so  clearly  in  these 
chapters  are  chiefly  founded  on  the  actual  needs  experienced  by  the 
8y8teniatic  botanist,  and  the  argument  is  largely  sustained  by  references 
^  botanical  systems  and  arrangements.  Most  botanists  agree  with 
Mr.  Mill  in  his  objections  to  Dn  Whe  well's  views  of  a  natural  classi- 
fication by  resemblance  to  *'  types  "  instead  of  in  accordance  with  well- 
id  characters ;  and,  indeed,  the  whole  of  these  chapters  are  well 
ig  the  careful  stU'ly  of  naturalists,  notwithstanding  that  the 
'^'Ooderfnlly  rapid  progress  in  recent  years  of  new  ideas,  lying  at  the 
^^'y  root  of  all  the  natural  sciences,  may  be  thought  by  some  to  give 
tb  whole  argument,  in  spite  of  its  logical  excellence,  a  somewhat  anti- 
quated flavor. 

PHIS  PLACE  AS  A  CRITia 
BY   W.   MTXTO. 
At  was  in  his  earlier  life,  when  his  enthusiasm  for  knowledge  was 
fresh,  and  his  active  mind,  **  all  aa  hungry  as  the  sea,"  was  reaching 
oat  eagerly  and  strenuously  to  all  sorts  of  food  for  thought,  literary, 
philosophical,  and  political,  that  Mr.  Mill  set  himself,  among  other 
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tMngs,  to  study  and  theorize  upon  poetry  and  the  arts  generally,  fl 
could  hardly  have  failed  to  know  the  most  recent  efflorescence  of  Bi^ 
lish  poetry,  living  as  he  did  in  circles  where  the  varied  merits  of  the 
new  poets  were  largt-ly  and  keenly  discussed.  He  had  lived  also  for 
some  time  in  France,  and  was  widely  read  in  French  poetry,  lie  hjid 
never  passed  through  the  ordinary  course  of  Greek  and  Latin  at  school 
and  college,  hut  he  had  been  taught  by  his  father  to  read  these  Ian- 
guageSj  and  bad  been  accustomed  from  the  first  to  regard  their  liten- 
ture  as  literature,  and  to  read  their  poetry  as  poetry.  These  were 
probably  the  main  elements  of  his  knowledge  of  poetry.  But  it  was  not 
his  way  to  dream  or  otherwise  luxuriate  over  his  favorite  poets  for 
pure  enjoyment,  Mr.  Mill  was  not  a  cultivator  of  art  for  art's  sake. 
His  was  too  fervid  and  militant  a  soul  to  lose  itself  in  serene  love  attd 
culture  of  the  calmly  beautiful.  He  read  poetry  for  the  most  part 
with  earnest,  critical  eye,  striving  to  account  for  it,  to  connect  it  with 
the  tendencies  of  the  age  ;  or  he  read  to  find  sympathy  with  his  own 
aspirations  after  heroic  energy.  He  read  De  Vigny  and  other  Freach 
poets  of  his  generation  with  an  eye  to  their  relations  to  the  convtiM 
and  struggling  state  of  France,  and  because  they  were  compelled  by 
their  surroundinga  to  take  life  an  serienx^  and  to  pursue  with  all  tto 
resourccB  of  their  art  something  different  from  beauty  in  the  ab»trad 
Luxurious  passive  enjoyment  or  torpid  half-enjoyment  must  have  bed 
a  comparatively  rare  condition  of  his  finely-strung,  excitable,  aad 
vid  system,  I  believe  that  his  moral  earnestness  was  too  imi>erioai 
permit  much  of  this.  He  was  capable,  indeed,  of  the  most  passioi 
admiration  of  beauty,  but  even  that  feeling  seems  to  have  been  ini 
penetrated  by  a  certain  militant  apostolic  fervor ;  his  love  w*a8  as  tb» 
love  of  a  religious  soldier  for  a  patron  saint,  who  extends  her  aid  toJ 
countenance  to  him  in  his  wars.  I  do  not  mean  to  say  that  his  wxA 
was  in  a  perpetual  glow ;  I  mean  only  that  this  surrender  to  his  ia* 
passioned  transports  was  more  characteristic  of  the  man  than  eereiit 
openness  to  hjflux  of  enjoyment.  His  "Thoughts  on  Poetry  and  itt 
Varieties,*^  while  clear  and  strenuons  as  most  of  his  thoughts  were,  an 
neither  ficientificaOy  precise,  nor  do  they  contain  any  notable  new  idtf 
not  previously  expressed  by  Coleridge— except,  perhaps,  the  idea 
emotions  are  the  main  links  of  association  in  the  poetic  nund ; 
his  working  out  of  the  definition  of  poetry,  his  distinction  bei 
novels  and  poems,  and  between  poetry  and  eloquence,  is  interesting, 
throwing  light  upon  his  own  poetic  susceptibilities.  He  hold* 
poetry  is  the  "  delineation  of  the  deeper  and  more  secret  workingf 
human  emotion."  It  is  curiotis  to  find  one,  who  is  sometimes 
as  the  advocate  of  a  grovelling  philosophy,  complaining  that  the 
valrouB  spirit  has  almost  disappeared  from  books  of  education,  that 
youth  of  both  sexes  of  the  educated  classes  are  growing  up  nnroi 
**  Catechisms,"  he  says,  **  will  be  found  a  poor  substitute  for  the 
romances,  whether  of  chivalry  or  fa^ry,  which,  if  they  did  not  gi^ 
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true  picture  of  aotaal  life,  did  not  give  a  false  one,  since  ihej  did  not 
profess  lo  give  any,  bot  (what  was  mnch  better)  dlled  the  youthful 
inrngination  with  pictures  of  heroic  men,  and  of  what  are  at  least  as 
much  wanted — heroic  women." 

If  it  ia  asked  why  Mr,  Mill,  with  all  his  width  of  knowledge  and 
symputliy,  has  achieved  so  little  of  a  repntatiun  ub  a  miscellaneous 
writer,  part  of  the  reason  no  doubt  is,  that  he  steraly  repressed  his 
dtsultory  tendencies  and  devoted  hie  powers  to  special  branches  ot 
ioiowledge,  attaining  in  them  a  distinction  that  obscured  his  other 
writings.  Another  reason  is,  that,  although  his  style  is  extremely 
dear,  he  was  for  popular  purposes  dangerously  familiar  Tvith  terms 
Wouging  more  or  less  to  the  schools.  He  employed  these  in  literary 
generalizations,  without  remembering  that  they  were  not  eqnally  fa- 
ttuUar  to  his  readers ;  and  thus  general  readers,  like  Tom  Moore,  or  the 
author  of  the  recent  notice  in  the  Times^  who  read  more  for  amuse- 
ment than  instruction,  were  disposed  to  consider  Mr,  MilPs  style 
"vastly  unreadable.'' 


r      To 


HIS  WORK  IN  PHILOSOPHY. 


BY   J,    H.    LKTY. 


To  a  savage  contemplating  a  railway-train  in  motion,  the  engine 
would  present  itself  as  the  master  of  the  situation — the  determining 
<*QW  of  the  motion  and  direction  of  the  train.  It  visibly  takes  the 
1^  it  looks  big  and  important,  and  it  makes  a  great  noise.     Even 

»P^ple  a  long  way  up  in  the  scale  of  civilization  are  in  the  habit 
^i  taking  these  attributes,  perhaps  not  as  the  essential  ones  of  leader- 
aliip,  but  at  all  events  as  those  by  which  a  leader  may  be  recognized. 
Still,  that  blustering  machine,  which  puffs  and  snorts,  and  drags  a  vast 
^iltitade  in  its  wake,  is  moving  along  a  track  determined  by  a  man 
"idden  away  from  the  public  gaze.  A  line  of  rail  lies  separated  from 
a^  adjacent  one,  the  pointsman  moves  a  handle,  and  the  foaming  giant, 
*liat  would,  it  may  be,  have  sjied  on  to  his  destruction  and  that  of  the 
passive  crew  who  follow  in  his  rear,  is  shunted  to  another  line,  running 
to  a  different  direction  and  to  a  more  desirable  goal. 

The  great  intellectual  pointsman  of  our  age — the  man  who  has 

done  more  than  any  other  of  this  generation  to  give  direction  to  the 

tiought  of  his  contemporaries — has  passed  away,  and  we  are  left  to 

I   measure  the  loss  to  humanity  by  the  result  of  »his  labors.     Mr.  MilFs 

Mchievemeotd  in  both  branches  of  philosophy  are  such  at  to  give  him 

the  foremost  place  in  either.     Whether  we  regard  him  as  an  expounder 

of  the  piiilospphy  of  mind,  or  tlie  philosophy  of  society,  ho  is  facile 

prineeps.     Still  it  is  his  work  in  mental  science  w^hich  will,  in  our  opin- 

be  in  future  looked  upon  as  his  great  contribution  to  the  progress 

thought.     His  work  on  political  economy  not  only  put  into  thor- 

h  repair  the  stracture  raised  by  Adam  Smith,  Malthus,  and  Ricar- 

but  raised  it  at  least  one  story  higher.    His  inestimable  *^  8^^\i^i£i 
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of  Logic  *'  was  a  revolution.  It  hardly  needa,  of  course,  to  be  saiJ 
that  lie  owed  much  to  his  pri'deceflsorB ;  that  he  borrowed  from  Wbe- 
well  much  of  his  classificatiou,  from  Brown  the  chief  line*  of  hb 
theory  of  causation,  from  Sir  John  Herschel  the  main  principles  of  the 
inductive  methods.  Those  who  think  this  a  disparagement  of  his 
work  must  hare  very  little  conception  of  the  mass  of  original  thought 
that  still  remains  to  Mn  Mill's  credit,  the  great  critical  power  that 
could  gather  valuable  truths  from  so  many  discordant  sources,  and  the 
wonderful  synthetic  ability  required  to  weld  these  and  his  own  con- 
tributions into  one  organic  whole. 

When  Mr.  3Iill  commenced  his  labors,  the  only  logic  recognized 
was  the  syllogistic.  Reasoning  consisted  solely,  according  to  the  then 
dominant  school,  in  deducing  from  general  propositions  other  propori* 
tions  less  general.  It  was  even  asserted  confidently  that  nothing 
more  was  to  be  expected^ — ^that  an  inductive  logic  was  im|)ossible, 
This  conception  of  logical  science  necessitated  some  general  proposi- 
tions to  start  with  j  and  these  general  propositions  being  ex  ht/pothm 
incapable  of  beipg  proved  from  other  propositions,  it  followc^d  that, 
if  they  were  known  to  us  at  all,  they  must  be  original  data  of  t'OD-  , 
BcionsnesB.  Here  was  a  perfect  paradise  of  question-begging.  The  I 
ultimate  major  premiss  in  every  argument  being  assumed,  it  conl4,  1 
of  course,  be  fashioned  according  to  the  particular  conclusion  it  vai 
called  in  to  prove.  Thus  an  *' artificial  ignorance,*'  as  Locke  calls  it, 
was  produced,  which  had  the  effect  of  sanctifying  prejudice  by  ret'Og- 
nizing  so-called  necessities  of  thought  as  the  only  bases  of  reasoning. 
It  is  true  that  outside  of  the  logic  of  the  scho<il9  great  advances  hai 
been  made  in  the  rules  of  scientific  investigation ;  but  these  rules  wcrt 
not  only  imperfect  in  themselves,  but  their  connection  with  the  Uf 
of  causation  was  but  imperfectly  realized,  and  their  true  relation  U 
syllogism  hardly  dreamed  of. 

Mr.  >fiU  altered  all  thin.  He  demonstrated  that  the  general  typ* 
of  reasoning  is  neither  from  generals  to  particulars,  nor  from  parties* 
lars  to  generals,  but  from  particulars  to  particular  **  If  from  our 
experience  of  John,  Thomas,  etc.,  who  once  were  living  but  are  no* 
dead,  we  are  entitled  to  conclude  that  all  human  beings  are  mortal,'*^ 
might  surely,  without  any  logical  inconBequence,  have  cx>ncluded  il 
once,  from  those  instances,  that  the  Duke  of  Wellington  is  m< 
The  mortality  of  John,  Thomas,  and  others  is,  after  all,  the  whole 
dence  we  have  for  the  mortality  of  the  Duke  of  Wellington,  Not 
iota  is  added  to  the  proof  by  interpolating  a  general  proposition." 
not  only  may,  according  to  Mr.  Mill,  reason  from  some  particular 
stances  to  others,  but  we  frequently  do  so.  As,  however,  the  instiJ 
which  are  sufficient  to  prove  one  fresh  instance  must  be  sufficicDl 
prove  a  general  proposition,  it  is  most  convenient  to  at  once  infer 
orpneral  proposition  which  then  becomes  a  formula  according  to  wl 
^ot  from  which)  any  number  of  particular  infereace^  may 
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made.  The  work  of  deductiou  is  the  interpretation  of  these  formulaB, 
and  therefore,  strictly  speuking,  is  not  inferential  at  all.  The  rtial  in- 
ference was  accomplished  when  the  universal  proposition  was  ar- 
rirwi  at. 

It  will  eaaily  be  seen  that  this  explanation  of  the  dednctive  pro- 
cess completely  turns  the  tables  on  tlie  transcendental  school.     All 
reagoning  is  shown  to  be  at  bottom  inductive,     luductions  and  their 
interpretation  make  up  the  whole  of  logic,  and  to  induction  accord- 
ingly Mr,  Mill  devoted  his  chief  attention.     For  the  first  time  induc- 
tion was  treated  as  the  optm  magnum  of  logic,  and  the  fundamental 
principles  of  science  traced  to  their  inductive  origin.     It  was  this, 
taken  with  his  theory  of  syllogism,  which  worked  the  great  change. 
Both  his  "System  of  Logic^"  and  his '^Examination  of  Sir  William 
Hamilton's  Philosophy,^'  are  for  the  most  part  devoted  to  fortifying 
■  tkig  position,  and  demolishing  beliefs  inconsistent  with  it.     As  a  sya- 
Kl^matic  psycliologist  Mr.  Mill  has  not  doue  so  much  as  either  Prof, 
BBBain  or  Mr.  Herbert  Spencer.     The  perfection  of  his  method,  its  ap- 
~  plication,  and  the  uprooting  of  prejudices  which  stood  in  its  way — 
this  was  the  task  to  which  Mr.  Mill  applied  Idmself  with  an  ability  and 
iaoc€ss  rarely  matched  and  never  surpassed. 
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H13  WORK  IN  POLITICAL  ECONOMY 

BY   PBOF,    J.    E,    OAlEIOtfl. 


Thi  task  of  fairly  eBtimating  the  value  of  Mr,  IVIiirs  achievements 
ifl  poUtical  economy— and  indeed  the  same  remark  applies  to  what  he 
li*»a  done  in  every  department  of  philosophy — ^is  rendered  particularly 
^  difficult  by  a  circumstance  which  constitutes  their  principal  merit, 
■p^e  character  of  his  intellectual,  no  less  than  of  his  moral  nature,  led 
Hni  to  strive  to  connect  his  thoughts,  whatever  was  the  branch  of 
^BoOwledge  at  which  he  labored,  with  the  previously  existing  body  of 
•pfrcalation,  to  fit  them  into  the  same  framework,  and  exhibit  them  aa 
parts  of  the  same  scheme ;  so  that  it  might  be  truly  said  of  him  that 
*»€  was  at  more  pains  to  conceal  the  originality  and  independent  value 
o^kia  contributions  to  the  stock  of  knowledge  than  most  writers  are 
*^flet  forth  those  qualities  in  their  compositions.  As  a  consequence 
™  this,  hasty  readers  of  his  works,  while  recognizing  the  coraprehen- 
•i^enesa  of  his  mind,  have  sometimes  denied  its  originality ;  and  in 
political  economy  in  particular  he  has  been  frequently  represented  as 
'ittle  more  than  an  expositor  and  popularizer  of  Kicardo.  It  cannot 
*>®deaied  that  there  is  a  show  of  truth  in  this  representation  j  about 
**  aiach  as  there  would  be  in  asserting  that  Laplace  and  Herschel 
Were  tbe  expositors  and  popularizers  of  Newton,  or  that  Faraday  per^ 
formed  a  like  ofiice  for  Sir  Humphrey  Davy.  In  truth,  this  is  an  inci- 
<knt  of  all  progressive  science.  The  cultivators  in  each  age  may,  in  a 
Woiej  be  said  to  be  the  interpreters  and  popularizers  of  those  who 
m  preceded  them  \  and  it  is  in  this  sense,  and  in  this  sense  only, 
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that  this  part  can  be  attributed  to  Mill*  In  tbis  respect  he  ie  to  M 
strongly  contrasted  with  the  great  majority  of  writers  on  poUtidP 
economy,  whOj  on  the  strength,  perhaps,  of  a  verbal  correction,  or  an 
nniinportant  qualificationj  of  a  received  doctrine,  if  not  on  the  score 
of  a  pure  fallacy,  would  fain  persuade  us  that  they  have  achieved  & 
revolution  in  economic  doctrine,  and  that  the  entire,  science  must  be 
rebmlt  from  its  foundation  in  conformity  with  their  scheme.  This  sort 
of  thing  has  done  infinite  mischief  to  the  progress  of  economic  science; 
and  one  of  MilFs  great  merits  is  that  both  by  example  and  by  prece|yt 
he  steadily  discountenanced  it.  His  anxiety  to  affiliate  his  own  speo- 
ulations  to  those  of  his  predecessors  is  a  marked  feature  in  all  his  phit 
osophical  works,  and  illustrates  at  once  the  modesty  and  comprebeil' 
siveness  of  his  mind. 

On  some  points,  however,  and  these  points  of  supreme  importanee^ 
the  contributions  of  Mill  to  economic  science  are  very  much  more  ihiB 
developments— H3ven  though  we  understand  that  term  in  its  larg^ 
sense — of  any  previous  writer.     No  one  can  have  studied  poli 
economy  in  the  works  of  its  earlier  cultivators  without  being 
with  the  dreariness  of  the  outlook  which,  in  the  main,  it  discloses  i 
the  human  race.     It  seems  to  have  been  Ricardo's  deliberate  opiaifl 
that  a  substantial  improvement  in  the  condition  of  the  mass  of 
kind  was  impossible.     He  considered  it  as  the  normal  state  of  thing 
that  wages  should  be  at  tlie  minimum  requisite  to  support  the  lahon 
in  physical  health  and  strength,  and  to  enable  him  to  bring  up  a  fmil 
large  enough  to  supply  the  wants  of  the  labor-market.     A  tampon 
improvement,  indeed,  as  the  consequence  of  expanding  commerce  i 
growing  capital,  he  saw  that  there  might  be;  but  he  held  that 
force  of  tie  principle  of  population  was  always  powerful  enough  sot 
augment  the  supply  of  labor  as  to  bring  wages  ever  again  down  to  1 
minimum  point.     So  completely  had  this  belief  become  a  fixed  id 
in  Ricardo's  mind,  that  he  confidently  drew  from  it  the  eonseqa 
that  in  no  ease  could  taxation  fall  on  the  laborer,  since — living,  i 
normal  state  of  things,  on  the  lowest  possible  stipend  adequate  ' 
maintain  him  and  his  family— he  would  inevitably,  he  argned,  tratisfi 
the  burden  to  his  employer,  and  a  tax,  nominally  on  wages,  wouldt  iOj 
the  result,  become  invariably  a  tax  upon  profits.     On  this  point  ] 
doctrine  leads  to  conclusions  directly  opposed  to  Ricardo*g,  and 
those  of  most  preceding  economists.     And  it  will  illustrate  his 
tion,  as  a  thinker,  in  relation  to  them,  if  we  note  how  this  result  ^ 
obtained.     Mil  neither  denied  the  premises  nor  disputed  the  logic  < 
Ricardo^s  argument :  he  accept€d  both ;  and  in  partienlar  he 
nized  fully  the  force  of  the  principle  of  |>opulation ;  but  he  toot  l 
count  of  a  further  premiss  which  Rieardo  had  overlooked,  and  wbid 
duly  weighed,  led  to  a  reversal  of  Ricardo's  conclusion.    The  miiitn 
of  wages,  even  such  as  it  exists  in  the  case  of  the  worst*paid  \nh 
IB  not  the  very  least  sum  that  human  nature  can  sabsist  upon^  it  I 
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sometliiDg  more  than  this :  in  the  case  of  all  aboye  the  woret-paid  olaes ' 
it  IB  decidedly  more.  The  mmimtim  is,  in  truth,  not  a  physical,  but  a 
Moral  minimum^  and,  as  such,  is  capable  of  being  altered  with  the 
changes  in  the  moral  character  of  those  whom  it  affect».  In  a  word, 
€ach  class  has  a  certain  standard  of  comfort  below  which  it  will  not 
consent  to  live,  or,  at  least  to  multiply — a  standardj  however,  not 
fixed,  but  liable  to  modification  with  the  changing  circumstances  of 
wciety,  and  which  in  the  case  of  a  progressive  community  is,  iu  point 
,     of  fact,  constantly  rising,  as   moral  and   intellectual   influences   are 

I  If  ought  more  and  more  effectually  to  bear  on  the  masses  of  the  people. 
Ibia  was  the  new  premiss  brought  by  Mill  to  the  elucidation  of  the 
V&ges  question,  and  it  sufficed  to  change  the  entire  aspect  of  human 
life  regarded  from  the  point  of  view  of  Political  Economy,  The  prac- 
tical deductions  made  from  it  were  set  forth  in  the  celebrated  chapter 
on  **  The  Future  of  the  Industrial  Classes  '* — ^a  chapter  which,  it  is  no 
waggeraiion  to  say,  places  a  gulf  between  Slill  and  aE  who  preceded 
him,  and  opens  an  entirely  new^  vista  to  economic  speculation, 

The  doctrine  of  the  science  with  which  Mill's  name  has  been  most 
prominently  associated,  within  the  hiSt  few  years,  is  that  which  relates 
to  the  economic  nature  of  land,  and  the  consequences  to  which  this 
ehonld  lead  in  practical  legislation.  It  is  very  commonly  believed  that 
on  this  point  Mill  has  started  aside  from  the  beaten  highway  of  eco- 
iM>mic  thought,  and  propounded  views  wholly  at  variance  with  those 
generally  entertained  by  orthodox  economists.  Ko  economist  need  be 
told  that  this  is  an  entire  mistake.  In  truth  there  is  no  portion  of  the 
^feconomic  field  in  which  MilPs  originality  is  less  conspicuous  than  in 
^thjit  which  deals  with  the  land.  His  assertion  of  the  peculiar  nature 
of  hwided  property,  and  again  his  doctrine  as  to  the  "  unearned  incre- 
ment" of  value  arising  from  land  with  the  growth  of  society,  are  sim- 
^ply  direct  deductions  from  Ricardo's  theory  of  rent,  and  caonot  be 
■©oniiatently  denied  by  any  one  who  accepts  that  theory.  All  that 
Ml  has  done  here  has  been  to  point  the  application  of  principles,  all 
hut  aniversally  accepted,  to  the  practical  affairs  of  life.  This  is  not 
wi€  place  to  consider  how  far  the  plan  proposed  by  him  for  this  pur- 
pose is  susceptible  of  practical  realization  ;  but  it  may  at  least  be  con- 
Mently  stated  that  the  scieatitic  basis  on  which  his  proposal  rests  is 
^^  Strange  novelty  invented  by  him,  but  simply  a  principle  as  funda- 
n^cutal  and  widely  recognized  as  any  within  the  range  of  the  science 
^  which  it  forms  a  part. 

There  is  one  more  point  which  ought  not  to  be  omitted  from  even 
^he  most  meagre  summary.  Mill  was  not  the  first  to  treat  political 
■iCODomy  as  a  science,  but  he  was  the  first,  if  not  to  perceive,  at  least 
Bd  enforce  the  lesson,  that,  just  because  it  is  a  science,  its  conclusions 
Hlrried  with  them  no  obligatory  force  with  reference  to  human  con- 
Blct  Ai  a  science  it  tells  us  that  certain  modes  of  action  lead  to  cer- 
^ttn  reeultB  j  but  it  remains  for  each  man  to  judge  of  the  value  of  th^ 
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results  thus  brought  aboutj  and  to  decide  whether  or  not  it  i 
while  to  adopt  the  means  necessary  for  their  attainment.  In  1 
iogs  of  the  eccmomists  who  preceded  Mill  it  is  very  generally  assumed 
that  to  prove  that  a  certain  course  of  conduct  tends  to  the  most  rapi<l 
increase  of  wealth  siifKces  to  entail  upon  all  who  accept  the  argument 
the  obligation  of  adopting  the  course  which  leads  to  this  result.  Mill 
absolutely  repudiated  this  inference,  and,  while  accepting  the  theoretic 
conclusion,  held  himself  perfectly  free  to  adopt  in  practice  whatever 
course  he  preferred.  It  was  not  for  political  economy  or  fur 
science  to  say  what  are  the  ends  most  worthy  of  being  pursued 
human  beings :  the  task  of  science  is  complete  when  it  ebowB  iw  lie 
means  by  which  the  ends  may  be  attained ;  but  it  is  for  each  ia^ 
vidual  man  to  decide  how  far  the  end  is  desirable  at  the  cost  wh 
its  attainment  involves.  In  a  word,  the  sciences  should  be  our  1 
vants,  and  not  our  masters.  This  was  a  lesson  which  MDl  was  tU 
first  to  enforce,  and  by  enforcing  which  he  may  be  said  to  havl^ 
emancipated  economists  from  the  thraldom  of  their  own  teachin 
It  is  in  no  slight  degree,  through  the  constant  recognition  of  its  trutl 
that  he  has  been  enabled  to  divest  of  repulsiveness  even  the  ma 
abstract  speculations,  and  to  impart  a  glow  of  human  interest  to  ) 
that  he  has  touched. 

BIS  mFLUENCE  AT  THE  UNIYERSITIEa 

BY   PBOF.   FAWCBTT. 

Soke  time  ago,  when  there  was  no  reason  to  suppose  that  we  Ao4 
flo  soon  have  to  moura  the  loss  of  the  great  thinker  and  of  thekindfriei 
who  has  just  passed  away,  I  had  occasion  to  remark  upon  the  intiue 
which  Mr.  Mill  had  exercised  at  the  imiversilies.     I  will  quote 
words  as  they  stand,  because  it  is  difficult  to  write  with  impart i 
about  one  whose  recent  death  we  are  deploring;  and  JVIr,  Mill  woo 
am  sure,  have  been  the  first  to  say  tliat  it  is  certainly  not  honoring  < 
memory  of  one  who  is  dead  to  lavish  upon  him  praise  which  would  1 
be  bestowed  upon  him  if  he  were  living.     I  will,  therefore,  repeat 
words  exactly  as  they  were  written  two  years  since  :  **  Any  one 
has  resided  during  the  last  twenty  years  at  either  of  our  univcr^ill 
must  have  noticed  that  Mr.  Mill  is  the  author  who  has  most  powerful 
influenced  nearly  all  the  young  men  of  the  greatest  promise.*'    In  ih 
referring  to  the  powei*ful  influence  exercised  by  Mr*  Mill's  w^orks,  I  ( 
not  wish  it  to  be  supposed  that  this  influence  is  to  be  measm 
extent  to  which  his  books  form  a  part  of  the  university  v 
His  '^  Logic "  has  no  doubt  become  a  standard  examination-boolE  J 
Oxford.     At  Cambridge,  the  Mathematical  and  Classical  Ti ' 
retain  their  iorisiHT  prestige.     The  moral  science  tripos,  thou_ 
ing  in  iraportance,  still  attracts  a  comparatively  small  number  of  \ 
dents,  and  there  is  probably  no  other  examination  for  which  it  is  1 
sary  to  read  Mr.  Miirs  "  Logic  "  and  "  Political  Economy.*'    Thii  1 
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^B  affords  the  most  fiatisfactory  evidence  that  the  influence  be  has  exerteil 
^H  k  spoutaoeoos,  and  is  therefore  likely  to  be  lusting  in  its  eifects.  If 
^H  ttlodeiitfl  tad  been  driven  to  read  bis  books  by  the  necessity  wliieh  ex- 
^H  amiaatioTis  impose,  it  is  quite  possible  that,  after  the  examination,  the 
^V  books  might  never  be  looked  at  again,  A  resident,  however,  at  the 
^1  UDiversity  can  scarely  fliil  to  be  struck  with  the  fact  that  many  who 
^P  perfectly  well  know  that  they  will  never  in  any  examination  be  asked 
^H  to  answer  a  question  in  logic  or  political  economy,  are  among  the  most 
^1  diligent  students  of  3In  MilFa  books*  AYhen  I  was  an  undergraduate 
^H  1  veil  remember  that  most  of  my  friends  who  were  likely  to  take  high 
^P  mathematical  honors  wore  already  so  intimately  acquainted  with  Mr* 
I  Miira  writingBj  and  were  so  much  imbued  with  their  spirit,  that  they 
f  inight  have  been  regarded  as  his  disciples*  Many  looked  up  to  him 
^  a§ their  teacher;  many  have  since  felt  that  he  then  instilled  into  them 
^M  principles  which,  to  a  great  extent,  have  guided  their  conduct  in  afler* 
^H  life.  Any  one  who  is  intimately  acquainted  with  Mr,  MilFs  writings 
^B  ^1  readily  understand  bow  it  is  that  they  possess  such  peculiar  at- 
^H  tractiveness  for  the  claet  of  readers  to  whom  I  am  now  referring, 
^H  There  is  nothing  more  characteristic  in  bis  writinga  than  generosity 
^P  auvl  courage.  He  always  states  his  opponcnt'ti  case  with  the  most 
judicial  impartiality ;  he  never  shrinks  from  the  expression  of  opinion 
''^anse  he  thinks  it  unpopular,  and  there  is  nothing  so  abhorrent  to 

I^im  as  that  bigotry  which  prevents  a  man  from  appreciating  what  is 
j«8i  and  true  in  the  views  of  those  wlio  diflt^r  from  hira.     This  tolera- 
^'«tt,  which  is  so  predominant  a  feature  of  his  writings,  is  probably 
one  of  the  rarest  of  all  qualities  in  a  controYcrsialisL    Those  who  do  not 
P^«es5  it  always  produce  an  impreesion  that  they  are  unfair;  and 
^  impression,  once  produced,  exercises  a  repelling  influence  upon  the 
To  those  who  believe  that  the  influence  Mr,  Mill  has  exerciserl  at 
^       ^H  ttniversities  has  been  in  the  highest  degree  beneficial — to  those 
*ho  think  that  his  books  not  only  afford  the  most  admirable  intellect- 
•"•l  training,  but  also  are  calculated  to  produce  a  most  healthy  moral 
iMaeiftce^ic  may  be  some  consolation,  now  that  we  are  deploring  his 
lOfialh,  to  know  that,  although  he  has  passed  away,  be  may  still  con- 
'  %»e  to  be  a  teacher  and  a  guide,     I  believe  he  never  visited  the  Eng- 
««h  universities ;  it  was  consequently  entirely  through  bis  books  tliat 
,l»ewa«  known.     Kot  one  of  those  who  were  his  greatest  admirers  at 
Ivambridge,  when  I  was  an  undergraduate,  ever  saw  him  till  many 
ITMn  after  they  had  left  the  univemity.     Nothing,  perhaps,  was  bo 
r^tektrkable  in  his  character  as  his  tenderness  to  the  feelings  of  others, 
*od  the  deference  with  which  he  listened  to  those  in  every  respect  in- 
L  ferior  to  Idmself*     There  never  was  a  Dian  who  Avas  more  entirely  free 
liKitn  that  intellectual  conceit  which  breeds  disdain.     Nothing  is  so 
■iscouraging  and  heart-breaking  to  young  people  as  the  eneer  of  an 
ellectual  cynic.     A  sarcasm  about  an  act  of  yonthfid  m^i\l^\  ^u* 
vol*.  III, — 23 
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thusiasni  not  only  often  castft  a  fatal  chill  over  the  character,  but  is  re- 

glinted  as  an  injury  never  to  be  forgiven.     The  most  humble  youth 
would  have  found  in  Mr.  Mill  the  warmest  and  most  kindly  sympathy. 


HIS  POSITION  AS  A  FIIILOSOPnER. 
BY  w.  A.  nrxTER. 
It  is  always  hazardous  to  forecast  the  estimation  in  which  anj 
will  be  held  by  posterity.  In  one  sense  truly  we  have  no  right  to  sa- 
ticipate  the  jiidgraent  of  the  future,  safficicnt  for  us  to  form  opioioug 
satisfactory  within  the  limits  of  our  own  generation.  Sometimes,  by 
evil  chance,  a  great  name  is  covered  with  undeserved  reproach,  and  il 
is  reserved  for  a  distant  future  to  do  it  jui?tice*  But,  such  a  work  u^ 
Mr,  Carlyle  did  for  Cromwell  we  may  confidently  anticipate  will  ne? 
be  required  for  the  name  of  John  Stuart  Mill,  lie  is  already  enrolJ 
among  the  first  of  contemporary  thinkers,  and  from  that  list  his  nail 
will  never  be  erased.  The  nature  of  Mr.  MilFs  work  is  such  a8 
make  it  easy  to  predict  the  character  of  bis  future  reputation. 
is  the  kind  of  philosophy  tliat  is  destined  to  become  the  commonph 
of  the  future.  We  may  anticipate  that  many  of  his  most  remarkalj 
views  will  l>ecome  obsolete  in  the  best  sense,  they  will  become  work 
up  into  practice,  and  embodied  in  institutions.  Indeed,  the  place  th 
he  will  hold,  will  probably  be  closely  resembling  that  of  the 
father  of  English  pliiloeopliy,  John  Locke.  There  is,  indeed,  amid  \ 
tiuguishing  diflereneea,  a  remarkable  similarity  between  the  two  1 
a  lid  the  character  of  their  influeuce  on  the  worli  What  Locke  i 
to  the  liberal  movements  of  the  seventeenth  century,  Mr,  Mill 
more  than  been  to  the  liberal  movement  of  the  nineteenth  centu 
The  intellectual  powers  of  the  two  men  had  much  in  common,  \ 
they  were  exercised  upon  precisely  similar  subjects.  The  "  Essay  i 
the  Human  Understanding"  covered  doubtless  a  field  more  par 
psychological  than  the  "Logic,"  hut  we  must  remember  that  t| 
"Analysis  of  the  Mind"  by  the  elder  Mill  had  recently  carried 
inductive  t^tudy  of  mind  to  an  advanced  point.  If,  however,  we  reg 
less  the  topics  on  which  these  two  illustrious  men  wrote,  than  the  i 
cial  service  rendered  by  each  of  them  to  intellectual  progress,  we  i 
not  unfittingly  compare  the  work  of  Locke — the  descent  from  me 
physics  to  psychology — to  the  noble  purpose  of  redeeming  logic  1 
the  superstition  of  the  Aristotelians,  and  exalting  it  to  somethil^ 
higher  than  a  mere  verbal  exercise  for  school-boys.  The  attack  th 
Locke  opened  with  such  tremendous  elfect  on  the  a  priori  sell 
philosophy  was  never  more  ably  supported  than  by  the  "  Logio* 
controversial  writings  of  Mr,  Mill 

The  remarkable  fact  in  regard  to  both  these  great  thinkers— th 
conquerors  iu  the  realms  of  abstract  speculation — is  their  relation  ' 
politics*     Locke  was  the  political  philosopher  of  the  Kevolatioo  o 
1088 ;  Mr.  Mill  has  been  the  poUf  ical  philosopher  of  the  detnocfl* 
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eenth  century.  Tlie  vast  space  that  lies  between  their 
presents  a  difference,  not  in  tlie  men,  but  in  the  time«. 
id  opposed  to  the  common  weal  an  odious  theory  of  arbi- 
absoliite  power.  It  is  interesting  to  remember  what  were 
eeessary  to  be  slain  in  those  days.  Th^  titles  of  his  first 
**  Government "  signiiicantly  attest  the  rudimentary  con- 
Iiticnl  philosopliy  in  Loekc's  day.  Adam  was  generally 
have  had  a  divine  power  of  government^  which  was 
Ko  a  favored  few  of  his  descendants.  Accordingly,  Locke 
Idam's  title  to  sovereignty,  to  whatever  origin  it  may  have 
3^ — to  "creation,"  "donation,"  *'the  subjection  of  Eve," 
hood,"  There  is  something  almost  ludicrous  in  discussing 
H  questions  of  government  with  reference  to  such  Script- 
R  and  it  is  a  striking  evidence  of  the  change  that  has 
pEngland  since  the  Revolution,  that,  whereas  Locke's  argu- 
!  like  a  commentary  on  the  Bible,  even  the  bishops  now  do 
Uament  quote  the  Bible  on  the  question  of  marriage  with 
prife's  sister.  Nevertheless,  Locke  clearly  propounded  the 
4*1  pie  which,  in  spite  of  many  errors  and  much  selfisljucss, 
ihe  fruitful  heritage  of  the  Whig  party,  "  Political  power, 
^lo  be  a  right  of  making  laws  witli  penalties  of  death,  and 
'  all  less  penalties,  for  the  regulating  and  preserving  of 
of  employing  tlje  force  of  the  community  in  the  execn- 
\  laws,  and  in  the  defence  of  the  commonwealth  from  for- 
and  all  this  onbj  for  the  puhllc  ffood.^^  Locke  also 
maxim  that  the  state  of  Nature  is  one  of  equality.  Mn 
|1  views  on  the  land-question  are  not  without  parallel  in 
^at  acute  thinker  distinctly  laid  down  tliat  "labor"  was 
ground  even  of  property  in  land.  Still  it  must  be  confessed 
I  political  philosophy  is  much  cruder  than  Mr.  Miirs.  His 
lovernment "  is  as  the  roogh  work  of  a  boy  of  genius,  the 
^tive  Government "  a  finished  work  of  art  of  the  experi- 
And  this  difference  eorrcsponds  with  the  rate  of  politi- 
The  English  constitution,  as  we  now  understand  it,  was 
the  Revolution  ;  it  had  to  be  slowly  created ;  now  the 
tlie  future  is  to  raise  the  mass  of  the  people  to  a  higher 
ilitical  intelligence  and  material  comfort.  To  that  great 
bat  contributed  so  much  as  Mr.  Mill. 

[the  one  writing  for  which  above  all  otliers  Mr.  Mill's  dis- 
re  his  memory,  is  his  essay  **  On  Liberty."     In  this  under- 
fill followed  the  noble  precedent  of  Locke,  with  greater 
St  lew,  and  perfection  of  work.     Locke's  four  letters  "  Con- 
niton"  constitute  a  splendid  manifesto  of  the  Liberals 
hteenth  century.     The  principle  that  the  ends  of  political 
f  Hfe,  health,  liberty,  and  immunity  from  harm,  and  not  the 
iOitlii,  has  taken  nearly  two  centuries  to  root  itself  in 
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English  lawj  but  has  long  been  recognized  by  all  but  the  shallowest 
bigots.     And  yet  Locke  spoke  of  "  atheism  being  a  crime,  which,  for 
ita  madness  iis  well  as  guilt,  ought  to  shut  a  man  out  of  all  sober  and 
civil  fioeiely,"     Here,  again,  what  a  etride  does  the  Liberty  make  ?    It 
is,  once  more,  the  difference  of  the  times,  rather  than  of  the  men.    The 
same  noble  and  prescient  inBi^ht  into  the  springs  of  national  greatness 
aud  social  progress  characterizes  the  work  of  both  men,  but  in  whal 
different  measures  1     Again,  we  must  say,  the  disciple  is  greater  than 
the  master.     Closely  bearing  on  this  topic,  is  the  relation  of  the  two 
men  to  Christianity.     Locke  not  only  wrote  to  show  the  "ReasoQi* 
bleoesA  of  Christianity,"  but  paraphrased  several  of  the  books  of  the 
Kew  Testament.     3Ir.  Mill  has  never  written  one  sentence  to  give  ilx 
least  encouragement  to  Christianity,    Bat,  although  a  contrast  ap- 
pears to  exiat,  there  is  really  none.     Locke  was  what  may  be  called  * 
Bible  Christian,     lie  rejected  all  theological  systems,  and  constructed 
his  religious  belief  in  the  truly  Protestant  way,  with  the  Bible  and  his 
inner  consciousness.     Ilia  creed  was  the  Bible  as  conformed  to  reasoo  ^ 
but  he  never  doubted  which,  in  tiie  event  of  a  conflict,  ought  to  givo 
way.     To  him  the  destructive  crittcbm  of  biblical  scholars,  acd  tbo 
discoveries  of  geology,  liad  given  no  disquietude;  and  he  died  witfci^ 
the  happy  conviction  that,  without  abandouiiig  his  religious  teaehijig':^ 
lie  could  remain  faithful  to  Reason.     Mr.  Mill  inherited  a  vast  coiitn^-^ 
^versy ;  and  he  had  to  make  a  choice :  like  Locke,  he  remained  faithful 
only  to  Reason* 

Perhaps,  it  might  be  urged,  this  comparison  leaves  out  of  accouD^^ 
the  very  greatest  work  of  Mn  Mill — his  '*  Political  Economy/*    Locl^^ 
lived  too  soon  to  be  an  Adam  Smith  ;  but,  curiously  enough,  the  par- 
allel is  not  broken  even  at  this  point.     In  1691,  and  again  in  16^5,  ^^ 
wrote :  *'  Some  considerations  of  the  consequences  of  the  lowering  of 
interest,  and  raising  the  value  of  money,"  in  which  he  propouBdcJ^ 
among  other  views,  that  "taxes,  however  contrived,  and  out  of  whfi*^ 
hands  soever  immediately  taken,  do,  in  a  country  where  the  great  to^ 
is  in  land,  for  the  most  part  terminate  upon  land,"    There  is  of  course 
no  comparison  between  the  two  men  on  this  head ;  nevertheless  it  i* 
interesting  to  note  in  prototype  the  germs  of  the  great  work  of  Mr. 
Mill.     It  shows  the  remarkable,  and  by  no  means  accidental,  BiroiUrlty 
between  the  men. 

This  parallel  is  already  too  much  drawn  out ;  otherwise  it  would 
be  worth  observing  on  the  characters  and  lives  of  these  two  men. 
Enough,  however,  has  been  said  to  show  that  we  may  not  unreasona- 
bly anticipate  for  Mr.  Mill  a  future  such  as  has  fallen  to  Locke.  Ht* 
wisdom  will  be  the  commonplace  of  other  times  ;  his  theories  willl)* 
realized  in  political  institutions ;  and  we  may  hope  and  beHeve  the 
workiug-class  will  rise  to  such  a  standard  of  wealth,  and  culture,  a^d 
political  power,  as  to  realize  the  generous  aspirations  of  one  ef  Eng- 
Jand'a  greatest  sons. 
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VQRAPUT  ly  JStmOOLS. 
LE  there  is  groat  ado  about 
etbodfl  in  teaching  this  eub- 
he  '*  battle  of  the  g<sosraphiea" 
rce  before  the  school  boards, 
itop  to  laqairo  into  the  real 
the  St  ad  J,  and  he  who  ahould 
}  wj  that  it  has  DO  busijiess  m 
,  «11,  that  it  uaurps  thne  which 
r  be  given  to  other  tluixgs,  and 

low  value  as  a  means  of  men- 
fttioi),  would  bo  regarded  as 

Yet  iuch  an  idea  is  enter* 
r  manj  thoaghtfxil  persons, 
sreases  in  force  as  our  edu- 
■ikm  is  more  closely  aoruti- 

^■^brateil  inau^ntl  address, 
^£^lty  of  St.  Andrews,  llr. 
r^marlced:  **  It  has  alvirnys 
^  me  0  great  abstirdltj  that 
4  geography  should  be  taught 
;  except  in  elementary  schools 
rcn  of  the  laboring- classes, 
hsequent  access  to  books  is 
Who  ever  really  learned  Kis- 
KiDgraphy  except  by  private 
Bd,  what  an  utter  failure  a 
'  education  inuet  be,  if  it  has 
^  pupil  a  sufficient  taste  for 
b«k  for  himself  those  moat 
easily  intelUgihlo  of  all 
powladge  t  Besides,  such 
ojsraphy  as  can  b^  taught 
rereise  none  of  the  fsenl- 
tenoe»  except  memory/* 
Wery  decisive  verdict  be 
Eirely  tlio  opinion  of  a  tbco- 

Ito  reenforoe  it  by  the judg- 
tioal  men  who  speak  from 
a&  the  managemcQt  of 
^oaitt^eon  ^*  Text-books, 
i  Coarse  of  Instruction^" 
I  iwrhooU  of  Milwaukee,  in 
•H  til  the  board  of  School  Com- 
s  nn  tba  stady  of  geography, 


say:    **The  oommittee  have  given  the 

subject  full  and  careful  consideration, 
and  have  come  to  the  conclusion  that 
the  study  of  geography,  as  now  pursued 
in  our  schoiils,  should  be  radically 
ohaoged.  Oousidering  the  time  de* 
voted  to  it,  and  the  application  roiiuired, 
we  are  of  the  opinion  that  no  study  is 
productive  of  results  so  meagre  and  un- 
satisfactory. It  will  not  be  contended 
that  much  is  to  be  gained  in  the  way 
of  mental  discipline  from  geography  as 
taught  in  this  city,  and  wo  might  as 
well  say  generally  throughout  this  coon- 
try.  The  same  amount  of  time  and 
labor,  bestowed  upon  many  other 
branches  of  knowledge,  would  do  a 
great  deal  more  for  development  of  the 
Cacnltiea  of  the  mind*  About  the  only 
positive  reaidt  obtained  is,  storing  the 
memory  with  an  array  of  disconnected 
tacts,  which  may  indeed  be  made  avail- 
able in  astonishing  visitors  at  examtna-* 
tious^  hut  are  utterly  useless  as  a  means 
of  unfolding  the  thinking  powers.  Nay, 
raore^  the  very  object  of  the  study  la 
deft.' at ed  by  the  methods  of  instruotion 
comuionly  in  use.  It  Is  possible  to  find 
whole  classes  of  pupils  who  have  spent 
several  years  in  'learning  geography,* 
and  who  can  answer  endless  columns 
of  questions  in  locating  places ;  but  who 
can  in  no«euse  bo  said  to  have  acquired 
the  kno^v ledge  which  geography  — 
rightly  undtirstood— is  intended  to  im- 
part/* 

They  remark  further;  "The  commit- 
tee are  of  opinion  that  altogether  Uo 
mueh  time  is  devoted  to  geography  in  our 
schools.  It  seems  to  us  that  a  sufficient 
knowledge  of  the  subject  might  bo  ac- 
quired by  considerably  abridging  the 
number  of  lessons,  and  giving  the  time 
to  studies  of  at  leaat  equal  importance^ 
w^hich  are  now  sacrificed  to  make  room 
for  the  geography  recitations,    A  com- 
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petent  kaowlcdg©  of  oar  own  language 
is  surely  one  of  iho  leading  objects  of 
the  moBt  common  education.  We  are 
of  opinion  tliat  our  course  of  instruc- 
tion in  tlie  Engliali  language  is  jiltogetlier 
too  limited  in  its  Sf.ope  and  imperfect 
in  ita  mothods.  This  should  include 
something  moro  than  reading,  BpelUng, 
grammar,  and  an  occasionaJ  composi- 
tion. The  language,  in  its  elementa  and 
structure,  sliould  be  taught  on  scientific 
principles,  bo  far  uh  they  have  been  as- 
certained, nnd  the  power  to  use  it  in 
speaking  and  writing,  not  only  cor- 
rectly hut  elegantly,  systematic  ally  de- 
ffcl&ped  from  the  lowest  to  the  highest 
grade.  Then,  again^  no  ctmrse  of  in- 
struction— however  elementary — can  in 
onr  day  he  said  to  be  complete,  which 
doea  not  aim  to  Cultivate  somo  ac- 
qnaintanoe  with  tiio  leading  outlines  of 
natural  scieuce  ;  and  we  are  persuaded 
that,  in  the  more  advanced  grades  at 
least,  a  portion  of  the  time  at  present 
given  to  geography  might  be  ad  van- 
tageoualy  devoted  to  giving  instruction 
ID  botany,  zoology,  physics,  and  astron- 
omy, l>y  oral  leissons  of  a  simple  and 
elementary  nature." 

Mr.  Mill  says  that  geography  exer- 
oiflea  none  of  the  powers  of  intelligence^ 
except  the  memory^  and  the  eonimittee 
declare  that  it  does  this  badly;  and 
both,  we  think,  are  right.  Loading 
the  memory  with  an  array  of  arbi- 
trary and  disconnected  facta  is  not  the 
proper  method  of  cultivating  it  The 
true  office  of  this  faculty  is,  to  bo  the 
servant  of  the  otlier  faculties.  It  is 
the  power  which  recovers  for  present 
use  the  mind*s  past  acquisitions.  But 
the  power  of  reealliug  past  impres- 
sions rests  upon  the  law  of  iissot^ia- 
tion,  and  rational  memory  depends 
upon  tho  relations  subsisting  among 
the  mental  impressions.  If  knowledge 
has  lieen  digested,  and  the  relations 
among  its  objects  seen,  their  recovery 
in  thought  is  easy  and  natural;  but, 
^•here  the  other  faculties  are  neglect- 
ed, the  memory  is  merely  burdened 


,  wm 


callJ^ 
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with  arbitrary  statemeutsv  and  odIj 
those  things  are  remembered  that  fln 
burnt  into  it  by  interminable  rtpeti 
tion.  Br,  Arnold  reprobates  the  ofdi- 
nary  schooh method  of  treating  gecjj^ 
rapliy,  and  commends  the  point  of 
view  here  indicated.  He  «ays  :  *'Aiid 
this  deeper  knowledge  becomes  ikr 
easier  to  remember.  For  my 
part,  I  find  it  extremely  difficult 
member  the  positions  of  towns, 
I  have  no  other  association  with  xhm 
than  their  situations  relatively  to  eatl 
otlier.  But  let  me  once  underetand 
the  real  geography  of  a  country— ib 
organic  structure^  if  I  may  so 
the  outline  of  its  skeleton,  thai 
its  hills ;  the  magnitude  and  coi 
its  veins  and  arteries,  that  is,  of  it* 
streams  and  rivers  ;  let  me  coaceifo 
of  it  as  a  whole  made  up  of  coantclcd 
parts ;  and  then  the  positions  of  towiil, 
viewed  in  reference  to  these  parts,  be- 
come at  onco  easily  remembered,  ad 
lively  and  intelligible  besides." 

The  objection  to  teach ing  gwjp*' 
phy  to  the  young  i?,  that  its  entire  so^ 
joct  matter  is  beyond  the  sphere  of  cl- 
perience;  it  is,  therefore,  much  \emtt 
to  he  used  as  a  means  of  mental  col* 
tivation    than    many    other   snI<jeftK 
Geography  deals    with    an  order  cT 
ideas  which  it  is   extremely  difficaU 
for  the  adult  mind  to  grasp  in  ih«t 
true  relations,  and  impossible  for  th» 
minds    of   c h il d  ren .      *^Q eography  i»  * 
a  description   of  the  earth,"  tad,  ^  j 
begin    with,    the    earth    is    **a  «^ 
globe,  or  ball.'*     Now,  a  .chiM  vm 
have  a  correct  conception  of  i  bA 
which  it  gets  from  experience,  but  1^1 
has    no    conception  from    txpw**^ 
which  will  help  it  to  a  true  id«i» 
what  is  meant   by  '*  26.000  toH**  ft 
circumference/^     The  notion  i* 
beyond    its    grasps    and,   so  ' 
jrxowiKo  the  fact,  or  forming 
mental  view  of  it^  it  is  mereiv 
with  words.    And  so  it  is  with  lli«^ 
tempt  to  conceive  the  extent  and  t^ 
lations  of  the  great  continental  tf» 
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lie  tracts  of  the  globe,  or  of  its 

"tsioxifr    Bubdhisiotid    into    zones    and 

coimtrtefl,  or  of  its  great  mountaio  and 

river  *jrfttem3.     Into  all  these  jihenoin* 

eaa  there  enter  an   clement  of  vast- 

&«ss,  a  magnitade  of  relation  a,  and  n 

acale  of  diversities^    wliich   aro  little 

more  to  tlio  childish  inLnd  than  if  they 

iirere  de^crib^d  to  it  in  a  lungimge  not 

nndersitood*     Maps,  of  course,  are  help* 

fal,  bat  the  J  are  only  symbols  which 

the  papil  is  incompetent  to  translate 

into  reality.     It  matters  nothing  that 

aU  the  statements  of  geography  may 

b«  troe ;   they  arc  true  to  the  pupil 

only  as  verhul    statements    made   on 

inttiority.     All  that  it  can  do  is  to 

tMOiorise  words  of  description^  which 

iltheloivest  and  moat  worthless  work 

^  «dncatton.     An  English  gentleman, 

wb  was  once  riding  on  liorseback  in 

the  con  a  try,  wil9  accosted  by  a  boy, 

whe  offered,  for  a  penny,  to  tell  him  all 

the  capitals  of  Europe.    When  he  had 

^<Mie,  the  gentleman  replied,  **  Here  is 

Xoor penny,  and  I  will  give  yon  another 

if  Ton  will  tell  me  wbetlier  they  are 

ftnuaalg  or   vegetables,''     **  Aninmls/* 

f^pW  the  boy,  promptly.     This  is,  no 

*loabt,aii  extreme  case;  but  it  illns- 

^'•tw  what  is  very  generally  true  in 

tfco  school -ijtudy   of  geography — that 

^^  pQpUs  have  no  adequate  ideas  of 

whit  the  words  mean. 

The  difficulty  with  geography  is, 
^ta it  does  not  rouae  children  to  think, 
'•*d  cannot  furnish  tijem  with  materi- 
*«  for  the  exercise  of  reason  and  judg- 
^*ot,  becanse,  for  this  purpose,  the 
ttiingi  reasoned  about  require  to  be 
»«mi(Miiately  accessible  to  thought, 
^itboot  going  so  far  as  Mr.  MUl,  who 
^^dires  geography  in  schools  to  be  an 
•Wrtlty,  we  are  profoundly  convinced 
^t  the  cnrrent  teaching  of  it  to  young 
pojilli  if  absurd.  It  should  bo  post- 
Wed  to  the  later  stages  of  stndj-, 
*bfn  the  mtnd  has  attained  a  consid- 
wihle  degree  of  mattirity,  and  then, 
troieaasof  globes,  a  general  concep- 
RioQ  of  the  great  ftaturea  of  the  earth 


may  be  acquired.  This  will  form  a 
suitable  preparation  for  timt  subse- 
quent reading  upon  the  subject  wbich 
Mr.  WX\  suggests. 


SCIENTIFIC   EDUCATION  I  if    TEE   FAB 
WEST 

We  spoke,  in  the  .June  number  of 
Thk  Popular  Science  Mostult,  of 
the  advantages  that  would  arise  from 
connecting  the  scientific  eiploratioE 
of  the  several  States  with  their  high- 
er educational  instiiutioos.  We  have 
been  since  reminded  that  this  is  an 
accompliabed  fact  in  at  least  one  of 
the  States,  and  we  hasten  to  give  credit 
to  Minnesota  for  having  taken  this  new 
departare  in  seientiiic  education.  It  Is 
one  of  the  youngegt  States  in  tlio  Union, 
find  a  generation  ago  was  but  a  land 
of  savages,  an  indefinite  tract  in  the 
great  *'  Northwest  Territory  "  beyond 
**  Onisconsin,^'  beyond  the  distant  Mis- 
sissippi, that  we  now  see  taking  the  lead 
of  the  older  States  in  organizing  the 
new  education  by  devoting  her  univer- 
sity to  the  comprehensive  and  practical 
study  of  Nature.  This  step  has  been  hot 
recently  taken,  and  its  benefits  are  pros- 
pective ;  but,  if  thorougWy  carried  out^ 
there  can  be  but  little  question  of  the  ad- 
vantages that  must  arise  to  the  people  of 
the  State,  By  a  law  of  1872,  to  provide 
for  the  geological  and  natural -iiistory 
survey  of  the  State,  the  Board  of  Re- 
gents of  the  University  of  Minnesota 
were  charged  with  the  duty  of  organiz- 
ing  the  work,  and  the  Professors  of 
Geology,  Chemistry,  Botany,  and  Zool- 
ogy, of  that  institution,  are  the  chief 
officers  in  carrying  on  the  investigations 
in  these  do  parti  a  en  ts,  while  money  ap- 
propriations and  land'grants  are  liber- 
ally voted  to  sustain  the  work,  which 
ia  broadly  laid  oat  and  clearly  defined. 

There  is  to  be  "  a  complete  account 
of  the  mincTal  kingiloin  us  represented 
Sn  the  State,  including  the  number,  or- 
der, dip,  and  magnitude,  of  the  several 
geological  strata,  their  richness  in  ores^ 
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coals,  clays^  peats^  salitieA,  and  minerikl 
waters,  nuirU,  cements,  building-stones, 
and  other  useful  materials,  the  value  of 
said  substances  for  economical  purposes 
and  their  uccessLbility ;  abo  an  accurate 
cbemical  analysis  of  the  various  rocks, 
soils,  oresj  clays,  peats,  marls,  and  other 
mineral  substances,  of  whieh  compkto 
imd  exact  recoi*d9  shall  be  made." 

The  natural-history  survey  will  **  in- 
clude, first,  an  examination  of  the  vege- 
table productions  of  the  State,  embrac- 
ing all  trees,  shrubs,  herbs,  and  g-rasses, 
native  or  naturalized  in  the  State;  sec- 
ond, a  complete  and  scientific  account 
of  the  animal  kingdom  as  properly  rep- 
resented  in  the  State,  racluding  all  mam- 
malia, fished,  reptiles,  birds,  and  in- 
sects/' 

There  is  also  to  be  a  metcorolog:ical 
investigation  of  the  climate  of  the 
State,  barometrical  and  thermometrioal 
observations  and  measurertients  of  ele- 
vations and  depreaaiona  of  tlie  land, 
with  a  vieiv  to  the  formation  of  an  au- 
thentic map. 

It  wiJl  be  a  part  of  the  work  to  col- 
lect specimens  of  **  all  rocks,  soils,  ore*, 
eotlsi  fossils,  cements,  building- stones, 
plants,  woods,  skins,  and  skeletons,  of 
animals,  liird%  insects,  and  fishes,  and 
other  mineral,  vegetable,  and  animal 
enhstanecs  and  organlsma  discovered  or 
examined  in  the  course  of  said  survey«, 
to  he  preserved  for  public  inspection, 
free  of  eost,  in  tho  University  of  Min- 
nesota, in  rooms  convenient  of  access 
and  properly  warmed,  light ed,  venti- 
lated, and  furnished,  and  in  charge  of  a 
proper  scientiie  curator;  and  they 
shall  also,  whenever  the  same  may  be 
practicable,  cause  dupUcateB,  in  reason- 
able numbers  and  qnantitieB,  of  the 
above-named  specimens  to  be  collected 
and  preserved  for  the  purpose  of  ex- 
changees with  other  8tate  universities 
and  aelentitio  iuKtitations*** 

The  movement  in  this  case,  it  is  evi- 
dent, has  been  initiated  mainly  in  the 
interest  of  the  geological  survey,  but  it 
\k  to  be  hoped  that  the  larger  objects 
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of  education  to  which  it  i^  a 
will  not  he  lost  sight  of*  The 
sity  will  undoubtedly  be  benefit 
taking  the  responsibility  of  the 
but  the  movement  will  fall  great! 
6liort  of  the  good  it  might  oceonipiti 
if  it  is  not  vitally  connected  with_^ 
educational  system  of  the  8tat< 
the  cities  of  Minnesota  are  gro* 
numerous  normal  schCHjls  and  high 
schools,  which  have  a  right  to  share  il 
the  general  benefits  of  the  andertifc 
ing.  The  apeoiDieiiS  obLained  by  ib 
several  departmeitta  of  the  survey  iii 
to  bo  collected  in  the  Uoiveraity  JlB- 
eeum  at  St,  Anthony,  and  we  aref 
that  duplicates  will  be  exchanged  i 
other  State  universities  and  with  1 
entifio  societies.  But  should  no*  ik 
claims  of  the  people  of  the  Statt  W 
cousidered  firsts  and  should  not  !l» 
local  schools  be  furnished  with  Inlt^ 
rials  for  cabinets  representing  the  ^ 
sources  of  their  own  Stale,  and 
conraged  to  contribute  sotneihtng  t 
ard  the  general  object  by  obser 
and  coOeetions  in  their  own  dii 
We  should  be  glad  to  gee  tliisi 
incorporated  in  the  Minnesota 
ment* 

LITERARY  NOTICES. 

INTI31NAT10NAL  ScfEjmnc  Fimtcs,  No, 
0?*  Foods.     Bv  Edward  Sjoth,  )t&* 
F,  R.  S.     D.  Applelon  ^  Co, 
A  GOon,  popular  book  cm  fbctda  1 
been  wanted^  and,  aa  the  object  of  I 
iematiimal  Seieniifi^  Strtc9  is  to  fm 
uablo  and  instructive  reading  1 
eriLl  public,  this  subject  was  « 
for  by  securing  the  best  authority  la  1 
land  10  treat  it.     Dn  Smith  b  w«D) 
widely  known  by  his  extcnsiTe 
physiological  cipcriinenls  on  the  1 
of  fot)da  and  alcoholic  liquor*  upon  1 
man  lyaieni,  published  In  the  **Pbn 
Transactions'*  in  1869;  by  hlsofBtiali 
as  government  inspector  of  practical  i 
ries  for  hospitals  and  almshouses (  I 
his  various  puhlioatioue   upon  tfat  t 
of  food  and  diet    A  new  work  wm^M 
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',f«qtiired,  Uiat  sbowM  jrive  the  latest 
itifie  i&romi&tjoii  re«p<*eting  f«M)d8,  »o 
[|tnd  friiaply  written  ai  la  bia  under- 
kld  by  oomioou  people,  and  tliat  should 

e\M  fulness  of  6tAtemeiit  with  cotu- 
e«i  of  form  and  a  moderatp  price  Dr. 
itii  his  realized  these  dllEeult  canditaoos 
||^  Tcry  reoQftrkatte  degree  in  the  volume 
|f  prcpATcd.  AdoTtiug  ft  cUssifieatton 
i  \a  rccommetidttd  by  it3  simplicity,  ho 
p  orcr  the  whole  field  And  describes 
fpmpertit'5,  coropositian^  proparatioTiii, 
t'ftdiiptatioDS  of  all  the  alitnpntciry  Bub- 
|bM  now  employed  bj  eiviUzcd  man.  la 
(jpreface,  the  nuthor  rcmarlcs  :  **  Largely- 
liiMed  eomiuerctal  IntercourBe  with  dis- 
I  ooiuitrie»,  associated  with  a  marked 
j^rei&eiit  In  the  purchasing  power  -of 

twea  of  the  people,  and  the  rupld  in- 
of  wealth  genemlly,  hnre  Attracted 
ik  Blienfioa  to  the  subject  of  foods  and 
kciei  in  an  tmuiual  degree,  ao  that  not 
^  U  there  a  greater  importation  of  for- 
!  productioQA  than  former! ▼,  but  new 
^  or  preparations  of  food,^,  are   pro- 
Id  almcHtt  daOy^  some  of  which  are  ape- 
jr  itted  for  certain  classen  of  persons, 
Uldrtai^  while  othcrg  m'e  of  general  use. 
ba  our  food-ffuppliea,  whether  natural 
bepared,  offer  increased  rartcty  of  fla- 
^if  not  of  tmtritiro  qualities,  and  foods 
ph  were  formerly  roatrietcd  to  the  few 
eommotkly  found  on  the  tables  of 

tiie  pe*earch  in   every  civilized 

also  diligently  busied  Itnelf  in 

of  the  auhject,  and  our 

;  haa  been  inereaaed  in  reference 

ttiieal  eomposition,  preparation, 

ogieal  effects  of  food. 

ih  io  many  causes  of  change  since 

I  of  my  work  on  *  Practical  Dieta- 

emod  ddiirablo  to  produce  another 

afaottld  embrace  all   the   gen cr ally 

•ttj  aomo  less  known  foodi>,  and 

I  iht  latent  Scientilie  knowledge  rc- 

\  them,  while  at  the  same  time  tbo 

dbooM  ht   treai4»d  hi  a   popular 

orfginally  intended  to  include 

t  aad  dieta  in  one  work,  but  the 

D^w  b«coma  so  large  that  it 

neceS9ttf7  to  limit  the  pre^^ent 

1^  fooda  alone,  and  to  resenre  the 


subjcet  of  diets  and  dietaries  for  a  ftiture 
oocaeion." 

The  amount  of  I u formation  that  Dr. 
Smiib  iios  contrived  to  compress  into  this 
little  Tolnme  is  quite  suqjrismg  \  it  seems, 
indeed,  to  have  the  completeness  of  a  regu- 
lar cycioptedia  of  the  subject.  Besides  gir- 
iag  the  pith  of  what  is  known  of  the  whole 
range  of  aliraeuts  proper,  simple  and  com- 
pound, be  Includes  those  outlying  groups 
of  bodies  whichj  whether  or  not  thty  be 
properly  foods,  are  habitually  taken  into 
the  f*ystem,  and  have  great  phyalological 
importance.  The  properties  of  water,  of 
air,  of  winea  atid  spirituous  liquors,  are 
well  summed  up  in  their  relations  to  the 
living  organism.  The  yolumo  contains 
many  illustrations  and  valuable  tables,  with 
full -page  diagrams,  rf-prcsenting  graphically 
the  elTtfCta  of  yarious  alimentary  agents 
upon  the  system  in  dillerent  times  and  cir- 
cumstances. Dr.  Sroith's  work  will  be  a 
standard  manual  upon  the  important  sub- 
ject of  foods. 

TnEORETICAL     NlTTiaATIOS     AND     NAtlTlCAL 

AsTRONOiiy.  By  Lewis  Clare,  Lietiten- 
lint'CommflDder  U.  8.  N.  New  York : 
D.  Van  Xoalrand,  1872. 

This  is  a  book  written,  as  the  introduc- 
tion informfl  us,  **  for  use  at  the  United 
States  Xavnl  Academy."  It  i?,  then,  in- 
tended to  be  used  by  young  |>uf>iils  as  a 
first  book,  and  must  be  judged  by  the  rules 
which  apply  to  the  ordin.iry  teit-book: 
that  is  to  say,  It  roust  be,  before  all  things, 
clear,  cmiueutly  accurate,  and  it  must  be 
calculated  to  develop  in  the  student  a 
habit  of  exactness  \  and,  since  it  is  a  text- 
book of  BO  praetjcaj  a  subject  as  naviga- 
tion, it  must  be  a  book  of  reference  which 
Ihe  graduated  midshipman  can  safely  use. 
These  are  the  testa  which  any  one,  who 
writes  a  book  on  nuvigation  and  nautical 
astronomy,  must  at^emiit  to  snliwfy,  and 
which,  it  seems,  should  be  easily  8atis6ed| 
since  the  subject  is  an  old  one,  and  since 
such  a  writer  has  many  works  of  able  pred- 
eeessors  to  constdt, 

These  condition  a  this  volume  in  no  wise 
fhlflls.  Indeed,  its  author  tells  us,  in  the 
early  portions  of  his  book,  that,  in  the  work 
of  interpolating  from  the  **  Nautical  Alma- 
uac,*'  formiilm  have  been  gtyen  to  meet  eaeb 
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particular  ease.  The  author  bfts  found  tbat^ 
ia  gL»neral^  they  arc  of  oo  practical  lastst^ 
ance  to  the  student,  and  ereu  m  ftomc  ciijsca 
[are]  coofuBing/* 

Hair  an  iuterpoktioti  b  to  be  made  un* 
lees  bj  the  aid  of  a  fi>rniula,  the  author  doea 
not  tell  us,  although  tho  mirid  naturally  in 
andoufl  upon  bo  impottant  a  pomt. 

He  goes  on  to  add  a  praeiioal  precept, 
however,  to  the  effect  that  ho  desires  to 
izDpresa  upon  the  student  the  importance 
of  obUinlng  the  Gre<?nwich  tioie  "almost 
invanablj"  before  consulting  the  "Alina- 
tiac/'  A^  the  **  Nautirail  ALniauac"  ia  so 
constructed  that  tio  dement  cau  be  taken 
from  It  without  a  knowledge  of  the  Gret^u- 
wich  thne,  it  seetns  almost  a  work  of  su- 
peperogatJon  to  **  impress  "  thia  fact  at  the 
26tfa  page  of  a  work  on  navigation. 

But,  allowiog  these  two  practical  pre- 
cepts to  stand  as  eJcamples  of  the  couclu- 
»iona  which  the  author*s  experience  at  »m 
has  led  bim  to,  let  us  briefly  notiee  some 
of  the  more  itnportiint  fcaturcfi  of  tbe  early 
portiona  of  tho  treatise,  remarking  that,  to 
fulfil  it»  pnrpo&e  as  a  suitable  text-book, 
the&e  should  be  exact  and  clear ;  and,  fur- 
ther,  remeuibericig  Ihtit  it  Ia  important  that 
the  iutcircsta  of  the  student  should  be  sedu- 
lously guarded,  and  that  his  Grst  ideas 
should  be  of  the  mo«t  deEnito  nature  and 
liridly  correct. 

Let  tifl  remember,  too,  that  a  Tery  poor 
book,  of  no  peculiar  importance  in  itaelf, 
ha»  a  etaira  to  notice  in  an  educational 
point  of  view.  There  is  hardly  a  middle 
ground  betn-een  goodness  and  hadne^ts  in 
auch  a  one:  if  it  be  good,  let  us  horo  it 
by  all  mean? ;  if  bad,  it  ii  a  duty  to  warn 
others  against  it. 

Per h apt)  there  iB  nothing  more  impor- 
tant to  the  navigator  than  a  clear  eoocep- 
tionof  the  astronomical  ideaa  of  lime,  lati» 
tude,  and  longitude.  **  Ijongitude,"  says 
our  author,  "  ia  the  angular  dii^tauce  be- 
tween any  meridian  and  a  filed  or  prime 
meridian.  It  may  be  considered  as  an 
angle  it  the  polo/*  etc. 

Longitude  of  what  ?  Any  definition  of 
longitude  should  begin,  "  f A*  longitude  of 
11  place  ifi,"  etc.  There  U  no  abstract  thlug 
CAlled  longitude;  but  there  is  a  certain 
definite  co<irdinate  for  every  point  on  the 
earth'*  surface^  which  ia  the  object  of  the 


definition.    The  same  objeelion  applioi 
the  dcfinttion  of  lattttide. 

On  page  18  we  leam  that  ^'  time  U  tl 
hour-angle  of  some  heavenly  body,  wfaa 
apparent  diurnal  motion  is  taken  as  a  mai 
ure."  Now,  there  h  Buch  a  thing  as  tia 
in  the  ab^tract^  portions  of  which  we  nai 
ure,  or  have  raeiiisured  for  ttt,  by 
reeurring  phenomena. 

The  e^KphmationB  of  apparent  time  an 
of  the  equation  of  time  are  equally  faulty 
but  imagine  the  surprise  of  the  astronoiiMr, 
who  is  told  that  ^*  astronomical  dn»  <mI' 
menc€9  at  noon,  and  u  mmtMrtd  tomardih 
westward  P^ 

From  this,  to  measuring  eternity  towirf 
the  northeast,  is  but  a  step.  It  ij»  evtiM| 
that,  in  the  author's  mind,  the  words  **ti^| 
and  **  day  •'  were  equivalent.  "* 

With  these  fimdaToental  errors  in  ^ 
hook,  it  h  scarcely  probable  that  it  ibooU 
not  be  faulty  in  other  vcujs,  And^  iadtf4t 
it  will  be  fotmd  fn  many  points  inaoeariic» 
confused,  often  unintelligible,  PcrbapsUll, 
hardly  necessary  to  mention  ca 
faults  of  the  book,  which  are  sti 
[table  Many  of  its  demons tr8lfODi| 
taken  directly  from  oiber  tcxt^b 
in  no  imstttuee,  we  believe,  is  a 
knowledgmeut  made.  Its  chap 
CompoHS  \a  reprinted,  almost  verbatimttt^ 
a  pamphlet  published  by  the  Nary  1 
mcnt  oil  the  same  subject,  and, 
the  author  probably  meant  to  do  DO  i 
ttce,  no  mention  is  made  of  this  Ufii  1 
way. 

On  tlie  whole,  we  must  set  this  dovii  it 
a  harmful  book,  being  full  of  doubtful  I 
ments,  of  confused  mathematics  and  i 
tionable  precepts,  and  one  not  likdy  t 
prore  the  art  of  navigution,  or  the  < 
of  nautical  istronGmy,  in  any  way. 

The  CoAt-RtojoNs  of  Ahcbica; 
pography,  Geology,  and   DtT 
11  y  James  MAcrABLA5^E,  A-  >L   Ff 

pages.     New  York  :  D.  Appleti^ft  I 

TnoBi;  who  understand  how  ^ 
eoal-rcj^ources  are  linked  to  the  I 
pcrity  of  the  nation,  and  bow 
even  now,  they  are  involved  witt^ 
elements  of  manufactureo, 
locomotion,  will  appreciate  the 
oomprohcnsive    aod    fully-lUustrstcd 
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upon  ihe  subject,  brought  up  to  the  prescot 
ttrtit  The  book  aim^  to  be  a  sort  of  '^  en- 
rjetopediA  of  all  that  la  known  on  the 
i&ly'«ct  tfaftt  U  periDiineDtlj  important  atttl 
niuAbltf/'  GoTemment  han  done  a  good 
deal  to  explore  this  subject  m  the  aeveral 
i>Ut«,  but  the  ponderoua  volumes  of  re- 
porti  they  have  published  arc  eipensive, 
ioAcee^Ible,  and  require  to  be  digested  in 
l]le  cheap  and  popular  form  of  a  conyenient 
knd-boolt.  For  the  benefit  of  those  who 
kfi  but  tittle  knowledge  in  geology,  iiome 
gOMftl  information  is  giycu  on  the  ori^ 
of  eO'il-bcdd,  and  their  place  among  the 
ncky  strata,  which  is  applicable  to  all  the 
nd-ittgfimd.  Be^ided  the  special  dcacnp- 
tioai  of  the  ooal-resources  of  each  I^Uite, 
tbera  Is  a  chapter  on  the  iron- ores  of  the 
coalrDMBitrea,  one  on  the  combustiou  of 
eool,  aod  one  giying  the  ktest  statistics  of 
dOklffilnet  ia  the  United  States  and  In  for- 
d|B  countries.  There  is  also  a  rerj  valu- 
ilib  chapter  on  the  conditions  of  success  in 
ihe  eool'trade.  The  Tolume  ia  enriched  by 
leoDtnbutioQ  from  Prof.  Ne wherry  on  the 
totUftrafea  of  DhlOf  and  the  author  acknowl- 
64|es  ImportaDt  as^i^tonce  from  Profj«.  Coj^. 
Vorthen,  White,  and  Foster.  Mr.  Mac  far- 
hiM*f  work  \b  altogether  of  a  rerr  practU 
Ci]  eliarBcteri  and  will  form  an  in^itinjctiye 
OBMributJon  to  the  literature  of  the  subject. 

tjintrr,  £QU.u.tTr,  FitJLTEiiNrrr.   By  Jjlwe,s 


Tms  IS  m  refreshing  book^  and  1^  bouod 
to  let  a  good  man  J  people  thinkiiig.  Ita 
eoauais  appeared  as  a  aeries  of  anonymous 
mkyt  in  the  Pail  Mall  GazaUe^  and  attract- 
•i  noeh  attention  by  the  forcible  maimer 
hi  itlcb  they  were  written^  and  the  boldness 
tad  ability  with  which  they  ohallen^ed  the 
'^fibefo)  tendencies^'  of  English  thought. 
Be  iittbor  Ukes  Mr,  Mill  as  the  rep  resent - 
\  and  lutboritatire  expositor  of  thes« 
,  and mibjectd  several  of  hh  works 
disaection.  Acknowledging 
I  tadf^btadnesi  to  Mr,  Mill  o^  the  author 
*tf  the  *'  Logic ''  and  tht  **  rolitical  Econo- 
mf,**  h«  utterly  repudiates  the  doctrines 
^adTOcaCed  hi  the  "  Liberty  "  and  the  '\Sub- 
I^Bbolioii  of  Woman;'*  The  readeri  of  The 
^^VOriaAm  i^tsstci  Mosttelt  ha  ye  had  a  sam- 
^Bk  of  hif  laeiliod  in  the  article  on  the 


**  Equality  of  the  Sexes/^  in  the  Murch 
number,  in  which  be  criticised  Mr*  Mill's 
m.iin  positions  upon  this  subject*  In  the 
other  essays  he  lakes  up  the  prcyaiSing 
deraocTatic  tendencies  as  embodied  in  the 
phrttic  *'' liberty,  equality^  and  fraternity,*^ 
and  deals  with  them  in  the  »ame  unsparing 
miinDor.  His  book  i^  a  plea  for  social  re- 
straints^ and  a  protest  aguioHt  those  in- 
terpretations of  liberty  which  would  make 
it  consist  in  exemption  from  restraining 
agencies.  Mr,  Stephen  exercises  the  largest 
liberty  of  criticism,  and  writes  with  the  Ere 
of  a  partisan  ;  but  his  book  abounds  with 
fre^h  and  pregnant  suggestionn^  and  its 
wide  eirculatioa  will  cxort  a  wholesome  in- 
fluence En  this  country 

Calidas  \  The  Missing  Link.  By  Dakibl 
WiLso^f,  LL.  D.     New  York  :  Maemil- 

Tms  Tolume  is  another  ndded  to  the 
very  considerable  liat  of  recent  books  do- 
eigneil  to  iUustrato  the  omnij^eienee  of 
Shtikespeare,  Prof.  Wibou  thinks  that  he 
anticipated  the  modern  doctrine  of  evolti- 
tiorif  and  in  his  character  of  Caliban  has 
delineated  the  chafacterislics  of  the  crea- 
ture Mr.  Darwin  iii  in  search  of,  namely, 
**  the  missing  Unk  between  man  and  bcuat." 
The  book  abound gi  in  extracts  from  Shake- 
speare's works,  and  ingenious  interpreta- 
tions of  them^  but  is  vague  in  its  argu- 
ment, and  any  thing  but  satisfactory  in  its 
eoncltzflions. 

Tub  American  CnEMisr :  A  Monthly  Jour- 
nal of  Theoretical  J  Analytical^  and  Tech- 
nical Chemistry.  EditeiJ  by  Charles  F. 
CtiANOLEtt,  Ph.  D.,  Professor  of  Ana- 
lytical and  Applied  Chemij*try  in  the 
School  of  Mines,  Columbia  College,  New 
York,  a?id  Wm.  H.  Ohandlkr,  F.  C.  S., 
Frofesior  of  Chemistry  in  the  Lehigh 
University,  Bethlehem,  Pa.  Philadel- 
phia :  H.  C.  Lea. 

Wi  httFe  before  na  vols,  i,  and  li.  (new 
scrieft)  of  this  valuable  monthly,  and  a  care- 
ful examinalton  of  their  eonteois  leads  us 
to  recommend  it  Tory  strongly  to  public  at- 
tention. It  is  edited  with  skill  and  judg- 
riientj  contains  a  large  amount  of  important 
information  nowhere  else  so  accessible,  and 
deserve:^  a  liberal  and  rcamncrative  patron- 
age. The  great  seienco  of  chemistry,  we 
might  almost  say,  is  at  the  bottom  of  every 
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tbmg  that  ifl  going  OR  in  Ibis  woHd  It 
underlies  a^ictilturo ;  U  is  the  basU  of 
manufactures;  It  is  the  key  to  geology; 
meteorology  depends  upon  it ;  it  explAins 
domtttie  pfoceascs;  Is  the  foundntion  of 
phyvlotogy  and  biology,  imd,  moreoref)  as- 
tronotey  has  lately  courted  Its  alHane^^  and 
ftrriTed  at  the  moat  iplendid  results  by  its 
aid.  Certainly  a  magazine  which  chroni- 
cfes  the  progrcsrs  of  tbla  most  progressive 
of  the  scieoces  should  have  a  vigorous 
[  support,  while  the  reputttioti  of  its  accom- 
ribihed  editors  is  the  beiit  guarantee  of  Its 
trnttwofthy  chsncter. 

MISCELLANY, 

The  Sew  Pis  net  Valfmn*— The  obeerFa- 
tioQ  of  certain  dinturbaacea  in  the  motiun 
of  the  planet  Mercury,  and  the  appearjiru**; 
at  particiikr  periods  of  weU-dc^ned  ein^ular 
black  spots,  passing  rapidly  acro:»&  the  diak 
of  the  fiun,  have  kd  aitronomers  to  suspect 
the  ejcifitcnec  of  a  nmth  planet,  interior  to 
Mercury,  and  niih  a  period  of  revolution, 
according  to  M,  Le Terrier,  of  Ifl.lO  daj^, 
Such  a  spot  was  seen  to  crags  the  euu  od 
March  26,  18B9,  the  observer  bemg  a  French 
physician  named  Lescarbautt,  wbo  there- 
upon claimed  the  discovery  of  the  planet, 
to  whieb  the  name  of  Vulcan  was  osiiigned. 
It  should  be  added,  however,  thai  oib«'r  ob- 
flervcra  had  previou»Iy  witoGb^ed  a  similiLr 
phenomenon.  The  £pot  was  again  ^een  by 
Mr.  Lummii^,  of  Manchester,  on  the  20th  of 
Marchf  1862.  From  calculations  based  upon 
these  and  other  observations,  Mr.  Bind,  of 
the  Twickenham  Obicrvatorv,  England,  in 
A  letter  \mx  year  to  the  London  77mf*,  Eug. 
gested  10  o'clock  a.  u.  on  the  24  ib  of 
Umreli,  IS'JS,  m  the  time  when  a  cofijunctioa 
of  the  supposed  planet  with  the  sun  ml^ht 
be  expeeted  to  occur,  *'  If  the  hypothetical 
body/'  Bays  Mr.  Hind,  "  Is  not  found  upon 
the  sun's  disk  Ht  that  time,  it  will  be,  I  tliiok, 
a  sufBeietit  proof  that  my  puithihcs  are  In- 
eorrect"  Prof.  Kirkwocid,  in  a  recent  letter 
to  the  Trihitru^  states  that  *'  Mr.  Cowie  has 
Just  reported  the  appearance  of  such  a  f^pot 
on  tile  atin  at  Shangbait  China,  on  the  mom- 
Sng  of  March  24,  1878,  thus  fulfilling  the 
prediction  of  Mr.  Hind,  and  rendering  the 
existence  of  euch  a  planet  reagonably  cer 
toiiL  Prof.  Kirk  wood's  caleuiationf',  as  given 


la  the  letter  above  quoted,  snak«  its  iideresi 
period  S4  days,  %%  liouf^,  31  minatcsL  h 
%  BiibaequeDt  letter,  Frot  Kirkwood  etIU 
attention  to  the  fiict  that  simflaf  tpots  hive 
been  observed  on  the  %\iu,  at  other  dat*^, 
which  cannot  be  referred  to  ibe  same  art*- 
roid,  nnd  be  thence  infers  the  existenoe  cf  s 
zone  of  minor  planets  wiiliin  the  orbit  ^f 
Mercury.  Why  none  of  thes«  have  e^*f 
been  eeen  during  total  eclipses  of  the  icd 
he  explains  as  foUows : 

**  It  is  well  known  that  a  marked  diffw- 
ence  obtains  between  the  Ught-rdlectiag 
capacities  of  the  various  planets  of  ourgTi* 
tem.  Mercury,  for  instance,  is  in  this  ^^ 
spcet  very  much  inferior  to  Tenns  tad  Jo- 
piter.  (Stt  Ptx)c1or*8  **  CUhet  Worids  tb«s 
Ours,"  p.  67.)  The  difficulty,  then,  to  re- 
gard to  the  Invisibility  of  these  D^tenrids 
when  the  sun  is  eclipsed,  may  be  obtistei 
by  supposing  their  turfaees  so  constitntfd 
as  to  reflect  but  a  small  portion  of  the  sus'i 
light." 

Edocattoa  la  Sierra  Lease  .—Mr.  Jot» 

Pope  Uenocs&y,  ex-Governor  of  Sierra L«mw, 
delivered  recently,  before  the  London  Socistjr 
of  Arts,  an  admirable  Ueture  on  '^  the  Bri^ 
i»h  Settlements  in  Western  Africa," 
give  a  synopsis  of  that  part  of  the  disCti'Bil 
which  treated  of  the  state  of  educaticsD. 
is  the  avowed  purpose  of  the  British  < 
cmment  to  train  the  natives  to  haMlK 
self-control,  ^  that  they  may  be  fioallj  ■ 
fered   to  govern   the  country   then 
Bat  that  no  great  progress  has  been  i 
in  the  preliminary  work  of  education  is  I 
mltted  on  all  sides.    In  18d9,  *'^ediici 
was  mo^t   inadequately  provided  for" 
Sierra  Leone,    In  1870  the  *^eonfp}«ooi 
liatlessness  and  inattention  of  the  i 
are  noted  by  the  Director  of  Public  ] 
tion.     In  1872  Mr.  Hennessey  iras  hioucl 
convinced  that  the  system  in  use  \ 
*'  an  Incentive  to  the  formation  of  s  tbottj 
less,  idle,  and  indolent  cbarocter,"    iadl 
Ctt|)e  Coast  matters  were  still  more  V 
isjog.      In   1872  the  government  ( 
calls  loudly  for  compulsory  educatU 
cauee  he  c«nBot  induce  Uic  ^chokrt  to  ^ 
tend  to  their  duties. 

That  the  fault  does  not  lie  with  Ihcu 
tlvcB  is  very  satiifactoHly  shown  by ) 
nenuessy.    On  hU  tccond  visit  to 
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Kbg  ]>oceiiio  told  hira  tliat  all  hk  chirrs 
uci  priudpal  people  wero  most  dcslroua  of 
bring  their  childrt!!!  educated,  bat  thej 
liiij  Bot  wAnt  tbeir  religious  ideas  to  he  in- 
terfered with.      The  king's  own  sou  waj 
obliged  to  quit  a  school  under  English  ocuk 
trot,  being  unwilling  to  beliere  in  the  tench- 
n'*' mission  to  enlighten  the  natives  In 
Button  of  religion."    All  the  *'  chiefe  ftud 
aptiins  of  companies  "  At  Cape  Coast  as- 
fined  Govenior  Hcnnessj  that  ^^  thej  would 
e^r«  an  J  thing  for  u  good  education  ; "  but 
tUir  religion  must  not  be  int4.'rfered  witk 
A  Urn  tov-caste  natireSf  thej  said,  In  hopes 
of  promotion  to  clerkships  and  catechist* 
ibipti,  woold  continue  to  frequent  Ihe  Eng- 
filli  fehooU  \  but  the  onlj  result  would  he 
**lagrant  hjpocrisy  and  idleness.'^ 
The  same  testimony  was  giren  by  all 
I  At  oitlTe  chiefs  whom  Mr.  Hennesgj  met, 
I  BtJT  Inca,  King  of  the  Small  Scarcics,  had 
I  mt  bis  son  to  the  Portuguese  actlkment.^^ 
to  learn  Arabic  and  Fortugue^e,  and  he  was 
I  iboot  sending  him  now  to  Senegul,  to  learn 
illne&chf  and  to  complete  liia  Arable.    That 
T  Joath  would  one  da;  be  the  ruler  of  a  coun* 
'  ^  on  the  border  of  tJie  Brllisb  settlement 
tf  Siena  Leone,  and  vet  He  would  be  igno- 
oat  of  the  English  hinguage— a  thing  det'p- 
)f  to  be  n^cttod,  thought  King  Inca. 

Firitatlti  if  Btu^Blark.— The  refined 
boMbhiok  of  commerce  is  seMom  posBesaed 
oflbe  qnaJtties  ttsuall;  a^ribed  lo  it.  Its 
^MObrixin^  properties  are  weak,  and^  be- 
idai,  il  aiwaft  contains  sulphate  of  liine, 
*Udi  iliiBolvea  in  Ihe  liqnids  to  he  claii- 
M.  Herr  tinLger,  in  Bvitfler^s  Joftrmtl^ 
|ro  %lm  following  process  for  puriJying 
b^Di-blick  t  It  is  to  be  ground  to  powder, 
ifidtbcn  boiled  in  from  Cbur  to  six  times  its 
vtight  of  water,  containing  4  or  6  per  cenL  of 
tetbooate  of  joda.  After  standmg  four  da ya, 
tb^watcr  \s  drawn  off;  and  hot  water  poured 
oa  ioitead.  Tbia  having  been  m  turn 
dnwn  nff,  the  b<me-black  is  next  treated 
^Hh  eomnercial  chlorhydrlc  acid,  and 
Ifilft  heated.  The  latter  treatment  h  foU 
Wv«d  until  the  liquid  Is  no  longer  turbid 
ftOBi  tlu^  prc»enc«  of  ammonia.  The  amount 
W  i«i4  Iq  b#  used  is  much  greater  than  Is 
nlf  ssppoied*  The  ncit  step  la  to 
I  with  common  water,  to  filter  with  difl- 
L%l  water,  and  to  drj  the  bone-bbck  at  a 


temperature  of  from  212'  lo  248*  Fahr. 
One  hundred  partaof  crude  bone-black  yield 
20  parts  refined.  The  product  is  a  light 
powder,  very  fine^  with  intense  decolorizing 
power,  and  hut  a  stnall  quantity  ni:ed  be 
used  to  produce  the  required  efTect, 

The  Mistletoe*— The  following,  over  the 
fiignature  <if  R.  W.  Xewborry^  occurs  in 
the  A'eto  York  World:  **  About  last  Christ- 
mas-time  I  noticed  on  two  occaaions  in  the 
World  that  the  exijilcncc  of  the  'mistletoe* 
in  this  country  was  doubted.  I  knew  of  ita 
existence,  but  didn't  want  to  make  the  as- 
seriion  till  I  had  the  proof,  which  I  enclose 
herowitb.  I  found  it  on  Staten  Ishind  many 
j^eara  ago  growing  on  peppcridgc- trees.  In 
Maryland  it  aJTects  the  same  trcer  and  also 
the  oak.  There  is  plenty  in  Virginia,  and 
the  specimen  I  send  you  was  collected  from 
a  persimmon-trcc  at  the  Bangle  Gold-Mine, 
near  Concord,  Cabarrus  County,  N.  C,  which 
place  I  liad  occasion  to  yisit  last  week.  The 
number  of  days  it  baa  been  gathered  and 
the  journey  hare  rather  spoiled  the  sam- 
ple/' 

Frof.  B,  Lockwood  says  that  the  false, 
or  American  Mktlctoe,  used  to  bo  found 
on  the  Nif$iia  muliifora^  the  pepperidgc,  or 
gum-tree,  in  Mercer  County,  N.  J,,  which 
probably  is  it^  northern  limit  in  the  East- 
em  States,  But  this  is  not  the  true  mistle- 
toe of  EuropOj  which  belongs  to  tho  genus 
Vi^cum.  The  American  ])arasite  is  the 
Phorad^ndr&n  JhveHxnn,  It  Infests  a  num- 
ber of  the  deciduous  trees,  siid  n  I  moat  co%'- 
trti  t»ome  of  the  oak -trees  in  Pbquemlne 
Paridb,  La.  The  professor  auys  that  he  re- 
ceived ttpecitnena  in  full  bloom,  last  Janu- 
ary, from  that  locality. 

The  statements  of  the  Torrey  Botanical 
Club,  In  regard  to  certain  illusions  concern- 
ing the  Engli-ih  mistletoe,  wilt  bo  interesting 
I  in  this  connection.     The  idea  that  Ihe  Eng- 
)  lish  plant  va  Ural  ted  to  the  oak  U  an  error,  it 
,  bt'ing  believed  that  it  ia  not  to  be  found  on 
I  more  than  three  oak-treea  in  all  Great  Brit- 
ain.    There  are  but  few  pe<^»ple  in  England 
that  bavij  aeen  tt  grow  at  all,  and  they  have 
generally  found  it  on  the  apple  and  wild- 
crab  trees.     And  yet,  as  a  decoration,  with 
holly,  ivy,  and  laurel,  It  abounds  at  Christ- 
ma?,  and  Is  bought  witb  these  plants  at  two- 
pence  a  bunch.    Tbis  genuine  Englbli  mis- 
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tlotoe,  under  which  the  girls  arc  kissed  in 

the  Christm&s-gumef <»  \B  a  5ort  of  '*  piouis 
fr&ud/*  being  imported  in  enonnous  quaoti* 
t(CB  into  England  from  Bcl^um  in  immense 
crates.  In  Belgium  it  is  plentiful  on  old 
ond  exhausted  apple-irces.  Indeed,  the  real 
Dniid  mistletofi  of  the  English  oaks  has  be- 
come almost  like  that  ancient  personage,  a 
thing  of  the  poet. 

A  TiriparoaB  Flj'.^In  the  Amtrtcan 
XaiuraliM  h  tin  interesting  aceount^  bj 
ProC  Lock  wood,  of  the  Sarcophaga  carna- 
ria,  a  species  of  flosh-fly,  which  brings  fortb 
I  Itfl  lanre  or  maggots  alive,  instead  of  lajing 
cgg«.  Fine  engravingis  are  piven  of  the 
fly,  its  pupa,  and  Unra.  The  professou 
succeeded  in  rearing  Borae  of  the  grubs  until 
they  became  perfect  iics,  it  requiring  13 
days  to  effect  the  complete  series  of  changes. 
One  of  the  grubs  he  put  alive  into  96  per 
cent,  alcohol^  in  i\'hieh  6uid  It  BUttalaed 
life  134  minutes.  This  larva  waa  six  days 
old.  One  seven  days  old  was  placed  In 
turpentine,  where  motion  ceased  only  at 
the  end  of  27  niiuutes.  One  in  essence  of 
peppermitit  lived  *iQ  mmutes  ;  and  another, 
in  Fowler's  f^olution^  only  ceased  to  mani- 
fest motion  at  the  end  of  5d  minutes. 

From  these  experiments  Dr,  Loekwood 
ii  led  to  remark :  **  In  the  light  of  Euch 
thctSf  what  reprobation  is  too  severe  upon 
the  useless  and  em  el  practice  of  drenching 
homcft  with  violent  medicaments  for  ilie 
bota  f  The  ailment  th«a  known  is  due  to 
the  protence  in  the  aninoars  stomoch  of 
the  larvs  of  the  bot-fly  {Gasirophiin*  ryut), 
which  clings  to  the  walls  of  the  stomach  by 
its  fortnidable  mouth-books.^^  As  further 
evidence  of  the  tenacity  of  life  of  the  larva? 
of  certain  flics,  this  naturalist  says  :  *'  Long 
ago  my  altcnliun  wns  eiilled  to  the  tenacity 
of  larval  tlTe  when  exposf'd  t^  poisons.  I 
was  forced  by  tbe  iilaims  of  justice  lo  take 
part  in  a  tojticologieal  eicamination  of  the 
internal  organs  of  u  person  who  had  been 
Bino  months  buried.  These  were  put  in  a 
large  glass  jar,  and  the  jar  filled  with  water. 
It  was  lummer.  A  small  portion  of  (he 
Tiaeera  rose  above  tbe  fluid.  In  three  or 
fonr  days,  I  noticed  the  presence  of  a  great 
number  of  large  white  krvfe^  doubtless  of 
the  common  blow-fly.  We  ubtaitied  enough 
L  of  mercury  lo  e€tabU8b  the  fact 


that  the  woman  had  died  by  taking  a  rerr 
large  quantity  of  this  terrible  poison,    NaP 
urallsta  know  how  well  this  drug  will  pre- 
serve  animal   tissues.    And,  in   Ibis   case^ 
the  blood  in  tbe  capillary  vcf^cls  waa  ef  a 
bright  color,  as  if  fre»h.     And,  despite  Hhc 
prest-^nce  of  so  much  poison,  the  lame  grefr« 
Whether  they  would  ehaxige  to  flies,  I  cam' 
not  say.    Another  case  is  that  of  the  hens 
of  a  friend,  wiiieb  was  injured  by  aceidcm 
and  had  to  be   killed.     The  animal  wit 
opened,  and  ihc  walls  of  the  stomach  wen 
found  to  be  covered  with  the  lar^'te  of  tli(r 
bot-fly.    A  piece  of  tbe  stomach  wm  spitid 
on  a  board  in  the  sun.     Some  turpeiilioe 
was  poured  on  the  larvas,  with  but  Btik 
effect,  as  not  one  was  detached,  wbe«  it 
was  examined  an  boor  afterward.     Sod« 
whak-oil  was  then  poured  on  tbpm.    Tkr 
let  go  immediately,  and  soon  all  died.'^ 

This  subject  of  the  tenacity  of  life 
insects  has  lately  engaged  tbe  attention 
the  Belgian  naturalist,  Plateau,    We 
bis  more  important  results.     At  the  boti 
of  an  open  vessel  holding  a  little  ov^ 
quart  of  frcFh  water  he  pbeed  a  very  t\ 
vet* Bel  containing  the  insect,  and  eovi 
with  a  piece  of  cotton  netting.     Tei 
insects  placed  in  these  conditions,  tmj 
by  their  specific  lightness,  rbe  to  the 
surface  of  the  net-work.     The  roo< 
of  tht'ir  legs  soon  cease,  they  do  not 
to  suffer,  and  quickly  grow  torpid. 
aquatic   Colcoptera  and  Ifemiptera,  on 
contrary,  instead  of  submitting  passivi 
th^ir  fate,  endeavor  to  quit  their  pi 
swim  rapidly  about,  try  to  come  to  the 
face,  and  go  struggle  on  till  they  an? 
ex.hau^ted  and  lie  at  the  bottom  as  if 

U.  Plcateau,  after  keeping  the 
thus  tinder  water  for  a  certain  length 
time^  took  tbem   out  and   dried  ihcm 
blotting-paper.    He  found  that  the 
trial  Volropttra  recovered  after  ii 
in  several  instances,  for  96  hours,  while 
aquatic  swimming  C^kop§tr*  ftiid 
tern  bad  no  such  power  of 
asphyiia.      The  author  accoanU  fbr 
by  the  rapid  waste  of  oxygen  eansfid 
the  greater  activity  of  the  aquatie 
He  al><io  tried  the  effects  of  eoM  and 
on  aquatic  insects.    It  was  found  that 
insects,  in  tbe  latHade  of  Belgium,  «■ 
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Tor  u  indefi&ite  period  in  wuter  at  Ibe  tcm- 

pwrtare  of  DieUiog  lee ;  but  that  they  can- 

W  Kind  a  alive  in  ice  itself  for  half  im 

hot,    Tliia   he  ac4?ouDt9  for  by  the  fact 

ti^  in  Ice  th<2  insi^cU  lire  entirely  deprived 

l|     of  tU  power  af  motion,  thereby  losing  c^m- 

pietdj  their  animal  heat.    The  author  liads 

tki  tlie  highest  temperature  which  frcsh- 

nter  ipiders  can  endure,  without  injury, 

between  33".5  and   46^2  Cent 

this  with  the  results  of  experi- 

a^rti  made  on  aoioiaU  belonging  to  other 

{RDopfl)  )L  PlateaaV  conclui^loa  ia,  that  the 

\kjuai  temperature  endurable   by  aquatic 

fvtebrate^  anieutates,  aud  molluakd^  docs 

Meiceed  46*  Centigrade, 

PuthcQo^eaesls  la  Shriapi.— The  Apm 

mmformU,  or  crab-shield  f^hrioip,  has  no 

leu  thm  #0  pairs  of  feet^  each  made  up  of 

ttiliDOflt  incredible  number  of  joints.     A 

naturalist    of   the    last    century, 

0er,  counted  the  jointa  in  one  of  these 

,  and  found  them  to  number  almost 

KOuOfQOO*   Friedrich  Brauer,  of  the  Vienna 

f  of  Sdeneea,  haa  lately  been  study- 

|1Ik  proccia  of  reproduction  of  these  aui- 

1  be  finds  that  from  the  unfecun- 

a  of  the   femab  spring  females 

l/i  vluJie  the  fecundated  egg«  produce 

The  experiments  on  the  re- 

of  the  females   extended   over 

I  fmermli^^Qa.     He  aL^o  finds  that  the 

Apm  his  one  footlcsa  ring  more  than 

With  re^rd  to  jwirthcnogene- 

produciioD   of  ofTdpring  from 

eggs,  C.  V^ogt^  in  the  course 

I  iddreta  before  the  Swiss  Society  of 

1  Scitiiocv  stated  tliat  he  observed  It 

eruitacean  of  the  same  order 

I  IIm  Apm^  namely,  the  Art^iia  mtina^ 

^to»«|irUnp. 

I  IliOd-^DcklBg  Squirrel.— Mr.  Thomas 

■  Gentry  rercnily  reported  to  the  Fbila- 

kia  Aeaiiemy   of  Sciences   the   obscr- 

of  a  rotable  chanpie  of  habit  in  a 

I  n-d  s*|airreL     II*ving  had  his  at- 

k  cafled  to  the  circomstaaee  that  the 

la  a  certain  locality  of  Mount  Airy 

\  bfja^  npidly  killed  off  in  the  night- 

tih«  fiKind,  «n  going  to  the  spot,  that 

imboraTlbesUoghterwas  a  chickaree, 

I  red  aqutrrel^  which  he  caught  In 


ifeaaale. 


the  rery  act  of  sucking  the  blnod  of  one 
of  its  innocent  vicrima.  Mr.  Gentry  states 
that,  with  at  most  two  exceptious^  the  lio- 
df!^itia  subaist  principally  or  entirely  upon 
vegetable  mutter^  especially  the  hard  parts 
of  plantd^  such  a«  nuts,  hark,  and  roots ; 
and  he  thinks  that  the  taBte  for  btood  shown 
in  thi^  instance  muy  have  arisen  from  the 
habit  which  Pome  squirrela  have  of  sucking 
the  eggs  of  birds,  "  This  adoption  of  an- 
other's mo^de  of  life  by  S.  Hudsonius,  he 
thought  a  discovery  of  some  note,  as  usurpa* 
tion  of  habits  leading  to  functionat  and 
structural  changes  iu  an  animars  economy 
is  accounted  an  element  of  no  mean  weight 
in  the  development  k^pothesi$^  according  to 
the  testimony  of  able  writers  upon  Evolu- 
tion." 


NOTES. 

At  a  recent  meeting  of  the  Russian  Eth- 
nographical Soci^y,  Veiiioukoff  read  a  me- 
moir about  the  sect  of  the  Skoptzi,  or  Cas- 
trates, It  appears  that  these  sectaries  now 
number  5^444,  le.«3  than  half  of  them  being 
women.  St.  P^'tersbiirg  may  be  regarded 
as  their  central  point,  for  it  ia  from  that 
city  that  the  sect  ha.^  spread  over  the  rest 
of  the  country.  OlBoial  notice  was  first 
taken  of  tlie  Skoptzi  in  1805,  and  then  their 
number  was  only  14.  Among  their  mem- 
bers are  eight  proprietary  noble a^  four  of 
these  being  lad  its.  All  classes  of  society 
are  represented.  The  author  obacrvea  that 
the  Skoptzi  arc  long-lived^  and  tall  of  stat- 
ure. They  are  narrow-shoulilered,  have  a 
feminine  voice,  and  arc  without  beard  or 
mystache. 

Pate^tts  have  been  issued  in  France  for 
a  series  of  machines  capable  of  manufactur- 
ing all  kinds  of  catka  and  barrel*.  The  In- 
ventora,  Messrs,  Thuillier  and  Oerard,  of 
BoulognCn^  recently  gave  a  public  exhibition 
of  their  machines,  and  turned  out  in  a  com- 
paratively short  space  of  time  a  large  num- 
ber of  barrels.  The  miichinc-made  ware  it 
said  to  be  hettcr  than  that  made  by  hand. 

The  census  of  April  3,  187l»juBt  pub- 
lished, sets  down  the  population  of  Great 
Britain  and  IreUnd  at  31,628,3^8,  an  in- 
crease  of  2,ri57,40ti  in  ten  years,  or  nearly  9 
per  cent.  Ireland  decreased  fl/jj  per  cent, 
in  the  same  perind.  The  area  of  England 
and  Wales  is  37,819,221  acres. 

The  pleasant  odor  of  cedar,  according 
to  Mfn.  K«  Lewiei,  appeara  to  be  as  perdisu 
ent  as  the  wood  it*M,4f,  Slivers  taken  from 
white-cedar  stumps  found  twelve  feet  under 
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WAter  at  low  tide,  near  the  NtLrrows  cd* 
If  ranee  to  New  York  harbor,  had  the  cnJor 
'  the  newlV'P'Owti  wood,  and  a  piece  not 
Boro  th&tt  twice  the  size  of  one'a  finger 
ptibl7  Bcented  k  drawer  lor  more  tlmu 
a  year.  "  It  U  certam/'  &aya  Mr.  Lt-wis, 
'*  that  the  eoo^t,  where  the  trees  of  which 
these  are  the  b tumps  grew,  hnji  since  mi* 
dergone  a  depression  of  18  or  20  feet,  ftn 
eTciit  which  may  hare  occapied  as  many 
centnrteB," 

The  eminent   chemist,   Berthclet,   was 
litelT  elected   a  member  of   the   French 
kcadeitijr  of  Sciences,    The  honor  has  cotne 
K'tardily  enough,  and  was  conferred  only  by 
■  the  very  email  majority  of  three,  sixty  niem- 
rbers  votbg.     The  Revtie  Seienf(fiqti€  openly 
'  charges  the  academicians  who  toted  against 
Berihelet  with  hi ^^o try,  their  objectiona  be- 
ing taken  against   tlic  freetli inker   rather 
than  aguins^t  the  mun  of  ficicnce. 

The  idea  of  mnkin^  each  of  the  fle?erai 
pftrt«  of  many  different  maehinea  inter- 
ohtngeahle^  s'aya  the  BuiMiti  of  MW? 
MawtfatHurt,  \a  unrjucslionably  of  Aroen- 
ctn  origin,  Ita  author,  a  mechanic  named 
Thomaa  Warner,  employed  in  the  Spring- 
field  Armory,  otfered  the  sngji^tion  to  tlie 
Ordnance  Bureau,  Washlngtoni  but  the  idea 
waa  fcouted  a*  impracticable,     Mr.  Warner 

r levered,  however,  and  obtained  a  trial 
hla  aystcm  in  the  Springfield  establish- 
I  meat    It  is  now  followed  in  all  armones 
[  throughout  this  country,  aa  well  as  in  man- 
1 11  factories  of  sewing-machines,  watch es^  etc. 
Our  contemporary  says  :  **  It  is  this  eystcm 
which  enables  us  to  supply  all  Europe  with 
arm.4,  and  to  eicport  Bewing-machinea  to  all 
the  European  nations,  notwithstanding  the 
vastly  tdgher  cot^t  of  our  labor/* 

Thk  atattBtics  of  disease  and  mortality 
in  the  manufacturing  establishments  of  the 
Kuasian  Empire  arc  absolutely  atartling. 
The  number  of  Huch  catiibHshmcnti^  in  Rus- 
sia 13  estimated  at  00,000,  nnd  the  nnm- 
1>cr  of  work. people  employed  in  thcra  ftt 
1,000,(KM).  They  are  aiibjcct  to  numerous 
dUeases  of  a  serioos  character,  among  whieh 
the  fftetorv'typhtt  holds  the  first  place. 
The  sick-rate  is  from  60  to  ^0  per  cent., 
and  the  mean  duration  of  life  is  only  20 
yearsi,  Hlcketii  prevail  to  a  deplorable  ex- 
tent among  the  youth  of  the  working-dafts, 
and  the  eO'ecta  of  a  factory-life  upon  chil- 
dren are  described  as  disastrous,  A  gov- 
ernment eommis^iou  la  to  investigate  the 
matter. 

Da  FoNTiELLK  calls  the  attention  of  the 
Trench  Academy  of  Science  to  a  remarka- 
ble passage  in  a  work  on  Tomets,  by  Heve- 
lius,  wiitien  m  the  year  16S2 ;  it  is  in  har- 
motiy  with  the  mo»t  recent  observations, 
■od  ii  M  follows :  **  Comets  are  made  up 


of  yariouB  nuclei  and  bodie<^  and  hfi 
these  phenomena  do  voi  bi/  any  mmng  i 
jTfii/  of  one  solid  spherical  body  or  nude 
as  do  the  planets,  hut  are  made  up  of  i 
dilTerent  opaque  nuclei  and  bodies,  conn 
ed  together,  some  rarer  and  more  tenu 
matter  existing  between,  and  allowing 
free  passage  for  the  sun's  raya." 

It  is  rather  amusing  to  find  Mr.  H< 
ley  mixed  up  with  a  matter  of  ecdegjastk  ■*  1| 
coneurnment,  but  his  position  as  n^tor  ^-^^^ 
a  university  in  so  religious  a  eonntry  i*  •^! 
Scotland  makes  it  inevitable.  A  student  o"^ 
divinity  was  presented  to  a  "bursary" 
the  tmiveraity  by  the  rcgtilar  patron  of  tL*^ 
fund,  but  he  was  rejected  by  the  Froft:«»* 
soriaJ  '*  Senate^*  on  the  ground  that  he  w^« 
not  a  member  of  the  Kst^btished  KhlK^ 
Huilcy  made  a  speech  in  favor  of  tta-^ 
young  man,  as  did  also  one  of  the  profw^^^- 
or^,  bnt  the  majority  was  opposed.  Ttx3 
lord-rector  says  that  be  wants  to  kiio^*^ 
**  whether  the  divinity  classes  of  the  Scott^^ 
universities  are  the  exclusive  property  c»^ 
one  of  the  ecdesiastical  bodies  into  whi^^i 
Scotland  is  divided,  and  whether  the  pf^^ 
feasors  are  to  obey  their  church  or  thei*" 
university  ?  " 

A  Kinr  geological  museum  H  to  l^^ 
founded  in  the  University  of  Cambridgo, 
as  a  memorial  to  the  late  Prof.  Sedg«klc* 
It  will  be  known  as  the  Sedgwick  Moietiif** 
and  b  to  he  made  in  all  respects  an  Mit«^ 
Uon  worthy  of  that  eminent  man.  Al  jfc* 
meeting  held  for  the  purpose  of  de^wag 
means  for  erecting  this  laeroorial,  ftcL 
llumphry  remarked  ^'  that  for  more  thsB 
54  years  Sedgi*'ick  had  expended  £S<^'  * 
year  on  the  old  museum."  The  coniiuittfc 
charged  with  the  work  of  obtaimng  W^ 
script  ions  for  the  memorial  an?  Biuch  ^ 
counigcd  by  the  reteipt  of  numerous  ktl^ 
from  admirers  and  old  pupiJi*  of  U»f  d^ 
ceased,  who  give  every  assurance  of  w? 
port. 

The  population  of  the  Tnited  St*to 
(excluding  Indians  not  taxed,  and  tb«  ifl- 
Imbitatitd  of  the  Territories)  was,  in  l^^t 
38,115/>41,  a  gain  in  ten  yeai^  of  «,Mli*^^; 
or  22.22  per  cent.  The  highest  gum  of 
popnbtion  was  shown  by  Kansas,  23fl.W 
per  cent, ;  and  Minnesota  come  next,  US^l 
per  cent  Louisiana  shows  a  gain  of  lS*t 
and  S*outh  Carolina  of  0.22  per  cent  Tfa* 
greatest  loss  is  exhibited  by  New  Hirop- 
shire,  2.86  per  cent.;  and  Maine  coniH 
next,  with  a  loss  of  0»2*2  per  cent,  Tbc 
total  increase  of  the  white  population  *u 
24.39,  and  of  the  colored,  0.21  per  oenL 

Sfeakiso  of  the  Jewish  element  in  the 
population  of  Germany,  Virchow  aays  thai 
*'  it  has  exerted  a  mighty  influeuce  "on  our 
progesi  In  civiliEatioiL" 
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ELECTRIC    TELEGRAPHS." 

Bt  Prow.  A.  P.  DESCHANEL. 

rUE  dbco very  that  electricity  could  be  transmLtted  instantaneously 
J       to  great  distances  at  once  suggested  the  idea  of  employing  it  for 
fiigfnjilling.      Bishop   Watson   performed  several  experiments   of  this 
ad  ID  the  neighborhood  of  London,  the  most  remarkable  being  the 
^Qsmisfion  of  the  diBcharge  of  a  Leyden  jar  through  10,600  feet  oi 
{suspended  between  wooden  poles  at  Shooter's  IlilL     This  was  in 
9i7,    A  plan  for  an  alphabetical  telegraph  to  be  worked  by  electricity 
I  minutely  described  in  the  Seofa  Magazine  for  1753,  but  appears  to 
•re  been  uever  experimentally  realized.     Leaage,  in  1774,  erected  at 
nev»  a  telegraph-line,  consisting  of  twenty- four  wires  connected 
▼ith  the  same  niuuber  of  pith-ball  electroscopes,  each   representing  a 
leMMr     Reiisser^  in  Germany,  proposed,  io  the  same  year,  to  replace 
rf  rogcopeft  by  spangled  panes  exhibiting  the  letteri?  themselves. 
1      of  managing  frictional   electricity  was,  however,  b uffi- 
^    >  V  ut  these  and  other  schemes  founded  on  its  employment 
*<oiD  yielding  any  useful  results.     Volta*s  discoveries,  by  supplying 
-'    *  ]-ity  of  a  kind  more  easily  retained  on  the  conducting  wires, 
d  much  greater  facilities  for  transmitting  signiik  to  a  distance. 
^Several  suggestions  were  made  for  receiving-apparatus  to  exhibit 
I  effect*  of  the  currents  transmitted  from  a  voltaic  battery,     S5m- 
iog,  of  Munich,  in  1811,  proposed  a  telegrapli,  in  which  th^  signals 
given  by  the  decomposition  of  water  in  thirty*five  vessels,  each 
ted  with  a  separate  telegraph-w*ire.     Ampere,  in  1820,  proposed 
itiie  (Ersted's  discovery  by  employing  twenty-four  needles,  to  be 
by  currents  sent  through  the  same  number  of  wires ;  and 
Sehilling  exhibited,  in  Russia,  in  1S32,  a  telegraphic  model,  in 

^  JkMlg«d  ftom  I)«w4]iii«l*i  **  Natuni  PbilMoptij,''  F&rt  lU.  \  ''  Electricity  mA  Mag. 
Tot.  111. — 26 
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which  the  signals  appear  to  have  been  giren  by  the  deflections  of  i 
eiDgle  ueedle.     Sir  Francis  Roualds?,  before  1823^  sent  intelligible  m«fr 
sages  through  more  than  eight  milfs  of  wire  insulated  and  suBpendwl 
in  the  air.     His  elementary  signal  wae  the  divergence  of  tlie  pitW 
balls  of  a  Canton's  electrometer  produced  by  the  communication  of  fl 
statical  charge  to  the  wire.     He  used  gynchronous  rotation  of  letlt'rtB 
dials  at  each  end  of  the  line,  and  charged  the  wire  at  the  sending  ei)?! 
whenever  the  letter  to  be  indicated  passed  an  opening  provided  in  a 
cover;  the  electrometer-  at  the  far  end  then  diverged,  and  thu8  in- 
formed the  receiver  of  the  message  which  letter  was  designated  by  thy 
sender     Tlie  dials  never  stopped,  and  any  slight  want  of  synchrotiis!|| 
was  corrected  by  moving  the  cover.  I 

Weber  and  Gauss  carried  out  Schilling's  plan  in  1 833  by  leadin?' 
two  wires  from  the  Observatory  of  Gi3ttingen  to  the  Physical  Cahioet, 
a  distance  of  about  9,000  feet.     The  signals  consisted  in  &mall  defleftJ 
tions  of  a  bar-magnet,  suspended  horizontally  with  a  mirror  attacheM 
on  the  plan  since  adopted  in  Thomson's  mirror  galvanometer,  1 

At  tlieir  request,  the  subject  was  earnestly  taken  np  by  ProtStfifi- 
heil,  of  Munich,  whose  inventions  contributed  more  perhaps  thau  ibo^ 
of  any  other  single  individual  to  render  electric  telegraphs  commCP| 
cialiy  practicable.     He  was  the  -first  to  ascertain  that  earth-connectiotil 
might  be  made  to  supersede  the  use  of  a  retnm  wire.     He  hIpo  W^ 
vented  a  convenient  telegraphic  alphabet,  in  which,  as  in  most  of  th^ 
codes  since  employed,  the  difft^rent  letters  of  the  alphabet  are  repre- 
sented by  diiFerent  combinations  of   two  elementary  signals.    Two 
needles  were  employed,  one  or  the  otlier  of  which  was  deflected  Mk 
cording  as  a  positive  or  a  negative  current  was  sent,  the  deflectioDJl 
being  always  to  the  same  side.     Sometimes  the  needles  were  merely 
observed  by  eye,  sometimes  they  were  made  to  strike  two  bella,  w4 
sometimes  to  prodnce  dots,  by  means  of  capillary  tubes  charged  with 
ink,  on  an  advancing  strip  of  paper,  thus  leaving  the  permanent  rtflw 
ord  on  the  strip  in  the  simpe  of  two  rows  of  dots.     His  currents  weM 
magneto-electric,  like  those  of  Weber  and  Gauss.  V 

The  attraction  of  an  electro-magnet  on  a  movable  armatnreft« 
nishes  another  means   of   signalling.     Tliis  was   the   fonndation  (fl 
Morse's  telegraphic  system,  and  was  employed  by  Wheatstone  <or 
ringing  a  bell  to  call  attention  before  transmitting  a  message. 

About  the  year  1837  electric  telegraphs  were  first  estahlisl^  •• 
commercial  speculations  in  three  difl^e rent  countries*     Steinhcirs  ?y<J 
tern  was  carried  out  at  Munich,  Morse's  in  America,  and  Wlieatsloi(j| 
and  Cooke's  in  England.     The  first  telegraphs  ever  const rncted  ^ 
commercial  use  were   laid  down  by  Wlieatstone  and  Cooke  on  tii« 
London  &  Birmingham  and  Great  Western  Railways.      The  i^nwl 
which  were  Imried  in  the  earth,  were  five  in  number,  each  acting  on^ 
separate  needle  ;  but  the  ex|wnsivene9S  of  this  plan  soon  led  U)  •** 
being  given  up.     The  single-needle  and  double-needle  telegraph*  ™  , 
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tie  same  inventors  have  been  much  more  extensively  used,  the  former 
requiring  only  one  wire,  and  the  latter  two. 

All  public  telec^rnphs  have  now  for  many  years  been  worked  by 

Inhale  cttrrents ;    the  magneto-electric  eystem,  which   was  tried  oh 

He  Hue0^  having  been  found  to  involve  a  needless  ex|>endlture  of 

According  to  Mr.  Cnlley,  engineer-in-chief  to  the  post-office,  the 
Itery  which  had  been  adopted  by  the  authorities  of  that  department 
iitied  Danieirs,  consisting  of 
I  trough,  divided  into  cells  by 
of  glass  or  date,  and  well 
iled  with  marine  glue,  each  cell 
ng  divided  into  two  by  a  slab  of 
^as  porcelain.  The  zinc  plates 
sure  four  inches  by  two,  aud 
copper  plates,  which  are  very 
8n,  are  four  inches  gqiiare.  The 
doc  hanc^s  at  the  up[>er  part  of  its 
cell,  which  is  filled  with  dilute  solu- 
tion of  sulphate  of  zinc.  The  cop- 
per cell  is  filled  with  a  saturated 
ation  of  sulphate  of  copper,  and 
ratals  of  this  salt  are  placed  at 
bottom.  The  expenditure  in 
phate  of  copper  is  about  a  pound 
I  a  haif  for  each  cell  per  annum, 
Tito  wires  for  land -telegrapba 
%r^  commonly  of  what  is  called  gal- 
niiixed  iron,  that  is,  iron  coated 
line,  supported    on  posts  by 

I  of  glass  or  porcelain  insulators,  so  contrived  that  some  part  of 

lfiif>celAin  surface  is  sheltered  from  rain,  and  insulates  the  wires 

1  the  posts,  even  in  wet  weather.     Wires  thus  suspended  are  called 

I  Underground  wires  are,  however,  sometimes  employed.     They  are 
lated  by  a  coating  of  gntta-percha,  and  are  usually  laid  in  pipes, 
Isfranecment  which  admits  of  their  being  repaired  or  renewed  with- 
it  lT  the  ground  except  at  the  drawing-in  boxes*     There  is  less 
electricity  from  subterranean  than  from  air  lines,  but  their 
.  i«  greater,  and  they  arc  less  suited  for  rapid  signalling  on  accbunt 
retardation  caused  by  the  inductive  action  between  the  wire  and 
udocting  earth,  which  is  similar  to  that  between  the  two  coat- 
a  Leyden  jan 

'  early  inventors  of  electric  telegraphs  supposed  that  a  current 

fcU  not  Vie  sent  from  one  station  to  another  without  a  ret  urn- wire  to 

»kt«  the  circuit*    Steinheil,  while  conducting  experiments  on  a 
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railway,  with  the  view  of  aBcertainiiig  whether  the  rails  could  be  em^ 
ployed  as  lioes  of  telegraph,  made  the  discovery  that  the  earth  woaJdj 
serve  instead  of  a  return-wire,  and  with  the  advantage  of  diminishedj 
resistance;  the  earth,  in  fact,  behaving  like  a  return-wire  of  tufinilelyj 
great  cross-section,  and  therefore  of  no  resistance. 

We  are  not,  however,  to  suppose  that  the  current  really  rettirai 
from  the  receiving  to  the  transmitting  station  through  the  earth*  Th* 
duty  actually  performed  by  the  earth  consists  in  draining  off  the  m 
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posite  electricities  which  would  otherwise  accumulate  in  the  teriiii 

It  keef»fl  the  two  terminals  at  the  same  potential;  and,  as  long  fi*  tl 
condition  is  fultiOed,  the  current  will  have  the  same  strength  as  if 
terminals  were  in  actual  contact* 

One  of  the  best-known  telegraphs  in  Eni^buifl,  though  little  or  nol| 
all  employed  elsewhere,  is  tlie  single-needle  instrument  of  Wheatsl 
and  Cooke,  represented  in  Figs,  2  and  3,  the  former  showing  its  exi 
nal  appearance,  and  the  latter  its  internal  arrangements  as  seen 
behind.     The  needle,  which  is  visible  in  front,  ia  one  of  an  astatic 
its  fellow  being  in  the  centre  of  the  coil  (C  C),     When  the  handle 
hangs  straight  down,  the  instrument  is  in  the  position  for  recei^ 
signals  from  another  station.     The  current  from  the  line-wire  eiit< 
L,  and,  after  traversing  the  coil  and  deflecting  the  needle, 
through  the  earth-wire  (E),  having  taken  in  its  coarse  the  l^ 
eontact'Springs  {t  t'). 
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To  send  a  Guireot  to  another  station,  the  hainlle  (H)  is  moved  to 
0iie  side,  and  the  current  sent  will  be  positive  or  negative  according  to 
^m  side  to  which  the  handle  is  moved.  The  handle  turns  the  cylin- 
Hbal  arbor  {a  &),  which  is  divided  electrically  into  two  parts  by  an 
^■alator  in  the  middle  of  its  length.  Each  of  theee  parts  has  a  pin 
Bojecttng  from  it,  one  pin  being  above,  and  the  other  below*  These 
fm  vertical  when  the  handle  is  vertical,  and  are  tfien  doing  no  duty ; 
htit,  when  the  handle  is  put  to  one  side,  the  upper  pin  (which  is  at* 
bed  to  b)  makes  contact  with  one  of  the  tall  springs  {t  ^'),  at  the 
\  time  pushing  it  away  from  the  metallic  rest  (A-),  and  thus  putting 
[oat  of  connection  with  the  other  tall  spring ;  while  the  lower  pio 
bich  is  attached  to  a)  makes  contact  with  one  of  two  short  springs 
tT),  only  dne  of  which  is  shown  in  the  figure.  There  is  permanent 
Election  between  a  and  the  negative  pole  of  the  battery  through 
6 spring  «,  and  between  ^and  the  positive  pole  through  the  spring*'. 
\  the  position  represented  in  the  figure,  a  serves  to  connect  the  nega- 
ire  jiole  of  the  battery  with  the  earth,  and  b  serves  to  connect  the 
iitive  pole  with  the  spring  t\  down  which  the  current  passes  from 
f  point  of  contact  of  the  pin,  and  then  through  the  coil  to  the  line- 
at  L.  The  needle  of  the  sending  station  is  tfius  detlucted  to  the 
lie  side  as  that  of  the  reqeiving  station. 


UnEocnrt'a  Ihhioatob. 


If  the  handle  were  moved  to  the  other  side,  b  would  serve  to  con- 
the  positive  pole  with  the  earth,  and  a  would  establish  connection 
reen  the  negative  pole  and  the  coil,  which  is  itself  connected  with 
I  liiif»-wire. 

I  Suiae  tlie  English  telegraphs  came  into  the  hands  of  the  post-ofHce, 
» alphabet  devised  by  Wheatstone  and  Cooke  has  been  given  up,  and 
I  Morae  alphabet^  which  we  give  in  a  later  section^  adopted  in  its 
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lilaca  In  the  Morec  alphabet,  whicb  is  now  the  telegraphic  alphak^t 
of  all  nations,  the  shortest  gigus  are  allotted  to  those  letters  which 
occur  most  rrei|iiently.  This  was  not  the  case  with  the  old  needle- 
alphabet,  which  was  rather  plaoued  with  the  view  of  asaisting  the 
memory ;  and  experience  lias  shown  that  such  assistance  is  quite  ub- 
necessary.  The  needle  instrument  is  also,  to  a  great  extent,  being  sa- 
perseded  by  Morse's  instrument. 

Telegraphs  in  which  the  ordinary  letters  of  the  alphabet  are  ranged 
round  tlic  eircnrnference  of  a  dial,  and  are  pointed  at  by  a  revolving 
hand,  are  specially  convenient  for  those  who  are  not  professional  teleg* 
raphists.  They  are  constructed  on  the  principle  of  step-by-step  mo- 
tion, the  hand  being  advanced  by  successive  steps,  each  representing 
one  current  sent  or  stopped.  * 

One  of  the  simplest  instruments  of  this  ckss  is  Breguet's,  whicl 
is  extensively  used  on  the  French  railways.  Fig.  4  represents  the  ei- 
torior  of  the  receiving  instrument.  The  dial  is  inscribed  with  the  25 
letters  of  the  French  alphabet  and  a  cross,  making  26  signals  b  all 
The  hand  (as  in  other  step-by-step  telegraphs)  advances  only  in  ^'^^ 
direction,  which  is  the  same  as  that  of  the  hands  of  a  clock,  stopping 
before  each  letter  which  is  to  be  indicated,  and  pointing  to  the  cross 
at  the  end  of  each  word.     Fig.  6  shows  the  mechanism  by  whicb  tli^ 
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motion  is  produced.  A  is  the  armature  of  an  electro-magnet,  the  tnt 
net  itself  being  removed  in  the  figure  to  allow  the  other  parts  to  ^ 
better  seen.  The  two  dotted  circles  traced  on  the  armature  represent 
vertical  sections  of  the  two  coils,  which  rest  on  the  bottom  of  the  hex, 
and  have  their  aies  horizontal.     If  introduced^  they  would  nearly  \ 
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ure  from  view.  The  armatare  tarns  about  an  horizontal 
|V  V'),  and  is  attached  to  an  opposing  spring  which  draws  it 
I  from  the  magnet.  The  tension  of  this  spring  can  be  regulated 
tanB  of  a  lever  acted  on  by  a  key  outside  the 

When  a  current  is  sent,  the  armature  is  at- 
id  to  the  magnet ;  when  the  current  ceaaes, 
>riog  draws  it  back ;  and  it  thus  moves  con- 
By  to  and  fro  during  the  transmission  of  a 
1^  An  upright  arm  (l)  is  attached  to  the 
Ntre^and  carries  an  horizontal  arm  (<?),  which 
Btween  the  two  prongs  of  a  fork  (tl),  repre- 
i  on  a  larger  scale  in  Fig,  6.  Thia  fork  vi- 
rabout  an  horizontal  axis  {a  b)^  to  which  is  at- 
i  the  vertical  pallet  (/).  This  pallet  acts  upon 
capement- wheel  (O)^  toothed  in  a  peculiar 
the  thickness  of  the  teeth  being  only  half  the 
less  of  the  wheel,  and  the  teeth  on  onc-lialf  of  the  thickness 

opposite  the  spaces  on  the  other  half.     The  total  number  of 
is  26,  thirteen  on  each  half  of  the  thickness, 
fhen  no  current  is  passing,  tlie  pallet  (/)  is  engaged  with  one  of 
Beth  on  the  remote  side,  as  n^pre^ented  in  Fig.  6.     When  a  our- 
IpaMes,  the  armature  is  attracted^  and  the  pallet  is  moved  over  to 
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»ule,  thus  releasing  the  tooth  with  which  it  was  previously  en- 
ind  becoming  engaged  with  the  next  tooth  on  the  near  side  of 
■''hevi.  The  wheel,  which  is  urged  by  a  cloek-niovemeut,  thus  ad- 
'^**  A  of  a  revolution ;  and  the  hand  on  the  dial,  being  attached 
*^*^l»«el,  moves  forward  one  letter.     When  the  current  ceases,  the 
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pallet  moves  back  to  the  remote  side,  and  the  havid  is  advanced  : 
other  letter.    If  the  hand  b  initialiy  at  the  cross,  it  will  be  advano 
to  any  required  letter  by  bo  arranging  matters  that  the  nurabtr 
currents  plus  the  number  of  interruptions  shall  be  equal  to  the  nttm^ 
ber  denoting  the   j»laee  of  the   letter  in  the  alphabet.     To  eifect  lb 
arrangement  is  the  office  of  tlie  sending  instrument. 

This  is  represented  in  Fig.  7*     There  is  a  dial  inscribed  with  25  let- 
ters and  a  cross,  like  that  of  the  receiving  instrument,  and  an  an 

which  can  be  carried  round  i 
dial  by  a  handle  (M).  There *i 
26  notches  cut  in  the  edge 
the  dial»  in  which  a  pin  at 
to  the  movable  arm  catches ;  mi 
the  arm  is  allowed  sufficient  play 
to  and  from  the  face  of  the  M 
to  admit  of  this  pin  being  easily 
released  or  inserted.  Whcuthe 
piTi  is  in  one  of  the  notches^  tbi^ri 
instrument  is  in  position  foiW 
transmitting  the  corresponding 
?r  letter.  The  action  is  as  frillow;' : 
A  toothed  or  rather  undtjifltfd 
wheel  is  fixed  on  the  same  ^xJ^:i^ 
the  revolving  arm,  rind  turns  with  it  There  are  13  projections  and  l-^ 
hollows  on  its  circumference,  a  few  of  which  are  shown  in  tho  tiunure 
where  the  face  is  cut  away.  A  bent  lever  (T),  movable  about  an  axis 
at  a,  bears  at  one  end  against  the  circumference  of  the  undulated 
wheel,  while  its  other  end  plays  between  two  points  (P,  Q),  and  is  il 
contact  with  one  or  other  of  these  points  whenever  its  upper  end  hes! 
againHl  a  hollow  or  a  projection,  P  is  in  connection  witi)  a  hatterfi! 
and  Q  with  the  earth,  the  undulated  wheel  being  in  connection  willi 
the  line- wire.  The  movement  of  the  handle  thus  produces  the  f^flk 
site  number  of  currents  and  interi  nptions. 

Besides  the  sending  and  receiving  apparatus  above  described,  e* 
station  has  an  aianim,  which  is  employed  to  call  attention  before  &e] 
ing  a  dispatch.     There  are  several  different  kinds.     Fig.  8  represi 
the  vibrating  alarum^  wliicli   is  one  of  the  simplest.     It  contains 
electro-magnet  (*^),  with  an  armature  (/),  fixed  to  the  end  of  an  elitfti 
plate.     When  no  current  is  passing  through  the  coil,  the  armature  I 
held  back  by  the  elasticity  of  this  plate,  so  as  to  press  against  a 
tact-ppring  {g)  connected  with  the  binding-screw  (m).     The  termini 
of  the  coil  are  at  the  binding-screws  {/j,  p')^  the  fonner  of  which  is  11 
connection  with  the  armature,  and  the  latter  with  the  earth.     As  loi 
as  the  armature  presses  against  the  spring  (^),  there  is  communic«ti* 
between  the  two  binding-screws  (m  andjfy)  through  the  coil;  but 
passing  of  a  current  produces  attraction  of  the  armature,  which  drt^ 
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iwaiT  trom   */,  and  interrupts  the  current.     The  electro-magnet  is 

thus  ♦lemagnetijBi'd,  and  the  armature  springs  back  against  g^  so  iis  to 

I  allow  a  fresh  current  to  pass.     The  armature  is  tJms  kept  in  i^ontinual 

fvibmiionj  and  a  hammer  (K),  which  it  carries  above,  produces  re- 

[  peated  strokes  on  a  bell  (T)* 

Morse's  apparatus,  first  tried  in  America  about  1837,  is  now  per- 
kipe  the  most  extensively  used  of  alh 

His  rex?eiving  instniment,  or  indicator ^  in  its  primitive  simplicity, 

coMists  (Fig,  9)  of  an  electro-magnet,  a  lever  movable  about  an  axis, 

carrying  a  sotViron  armature  at  one  end,  and  a  peucii  at  the  other, 

liod  a  strip  of  paper  which  is  drawn  past  the  pencU  by  a  pair  of 

I  toilers. 
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As  the  pencil  soon  became  blunt,  and  was  uncertain  in  its  marking, 

Ipolnty  which  scratched  the  paper,  was  substituted.     This  has  now, 

I  i  great  extent,  been  superseded  by  an  ink- writer,  whieh  requires 

\  exertion  of  less  force,  and  at  the  same  time  leaves  a  more  visible 


Rg.  10  represents  Morse's  indicator  as  modified  by  Digney,  A 
lin  of  clock' work,  not  shown  in  the  figure,  drives  one  pair  of  rollers 
nw),  which  draw  forward  a  strip  of  paper  (pp)  fonuing  part  of  a 
Dg  roll  (K).  The  same  train  turns  the  printing-cylinder  (II),  the  sur^ 
'  of  which  is  kept  constantly  charged  with  a  thick,  greasy  ink  by 
0lUiig-contact  with  the  ink-pad  (L).  The  armature  (B  B')  of  the 
otro-magnet  (A)  is  mounted  on  an  axis  at  G,  and  carries  a  style  at 
tremity  just  beneath  the  printtng-cylinder.  When  a  current 
the  armature  is  attracted,  and  the  style  presses  the  paper 
Jftjut  the  printing-cylinder,  causing  a  line  to  be  printed  on  it,  the 
of  which  depends  on  the  duration  of  the  current,  as  the  paper 
Dtiet  to  advance  without  interruption.     The  lines  actually  ena- 
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ployed  are  of  two  lengths,  one  being  made  as  short  as  possibli 
and  called  a  dot^  and  the  other  being  about  three  times  a3  long  j 
and  called  a  dasK     The  opposing  spring  (D)  restores  ihe  arnjatu 
its  original  position  the  moment  the  current  ceases. 
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Moreens  key  (Fig.  11)  is  simply  a  brass  lever,  motinted  on  tl 
at  A,  and  pressed  up  by  the  Bpring  /.  When  the  operator  puts  < 
the  key,  by  pressing  on  the  button  (K)  with  his  finger,  the  projj 
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(c  d)  are  brought  Into  contact,  and  a  current  passes  from  the  bit| 
wire  (P)  to  the  Une-wire  (L).  WTien  the  key  is  up,  the  projectionii  f 
are  in  contact,  and  currents  arriving  by  the  line-wire  pass  by  tliul 
R  to  the  indicator  or  the  relay.    By  keeping  the  key  down  for  al 
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time,  a  dash  or  a  dot  is  produced  at  the  statioo  to  which 
sent.     The  dash  and  dot  are  combined  in  different  ways 
the  different  letters,  as  shown  in  the  following  scheme, 
generally  adopted  both  in  Europe  and  America : 


Mo&SK^S 

K 

Al*FHABET. 

T  — 
V 

L 

0 

M-- 

V 

N  —  - 

W 

0 

X—    •- 

r^ 

p ^. 

Q 

z 

R 

S^-. 

Underatood  * 

^nt  equal  to  the  length  of  a  dash  is  left  between  two  letters, 
of  about  twice  this  length  between  two  words. 

e*telegrapbi!i,  the  dot  is  represented  by  a  deflection  to  the 

J  dash  by  a  deflection  to  the  right. 

represents  Morse's  indicator  in  connection  with  what  ig 
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ii 
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i^=^. 


Belat. 


■VFP]4 


;i 


Earth 


^C 


Linr  Bfttt^ry^ 


-A^ 


J>i 


^MOBSS'S  ArPAKATUSf  WITH  EEUkT. 
//  that  is  to  say^  an  apparatus  which,  on  receiving  a  fee- 
from  a  distance,  sends  on  a  much  stronger  current  from  a 
Epot.     The  key  (B)  being  up,  a  current  arriving  by  the 
through  the  key  from  c  to  a,  thence  through  another 
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wire  to  tbe  coil  of  the  electro-magnet  belonging  to  the  relay,  and 
through  this  coil  to  earth.  The  electro-magnet  of  the  relay  attmofl 
an  armature,  the  contact  of  which  with  the  magnet  completes  the  cfl 
cuit  of  the  local  battery,  in  which  circuit  the  coil  belonging  to  the  !■ 
dieator  is  included.  Tbe  armature  of  the  indicator  is  thus  compellH 
to  follow  the  movements  of  the  armature  of  the  relay.  H 

Relays  are  used  when  the  currents  which  arrive  are  too  much  ^| 
feebled  to  give  clear  Indications  by  direct  action.  They  are  al*o  fifl 
quently  introduced  at  intermediate  points  in  long  lines  which  codH 
not  otherwise  be  worked  through  from  end  to  end.  The  analogy  ifl 
this  use  to  change  of  horses  on  a  long  journey  is  the  origin  of  tbii 
name.  Relays  are  also  frequently  used  in  connection  with  alitnmifi 
when  these  are  large  and  powerful,  M 

The  employment  of  Morse's  alphabet  requires  on  the  average  abool 
three  currents  to  be  sent  per  letter*  The  extension  of  telegraphic  i^eH 
vice  has  stimulated  the  industry  of  inventors  to  devise  means  for  oJ^ 
taining  more  rapid  transmission.  Hughes,  about  1859,  invented  a  6j»^ 
tern  which  rcfjuires  only  one  current  to  be  sent  for  each  letter,  lifl 
which,  accordingly,  sends  messages  in  aboat  a  third  of  the  time  ^H 
quired  by  Morse's  method-  Hughes's  machine  also  prints  its  meggajj 
in  Roman  characters  on  a  strip  of  paper.  These  advantages  are,  licrt^ 
ever,  obtained  at  the  expense  of  extreme  complexity  in  the  aimaraHii 
employed.  It  is  only  fit  for  the  use  of  skilled  hands  ;  but  it  is  ext^| 
Rively  emiiloyed  on  important  lines  of  telegraph.  We  will  proceod^H 
indicate  the  fundamental  arrangements  of  this  marvellous  pife«*  ^| 
ingenuity,  ^| 

Fig.  13  is  a  general  view  of  the  machine.  It  is  propelled  b y  pov^| 
ful  clock-work,  with  a  driving  weight  of  about  120  lbs,,  and  with  ar«^H 
lator  consisting  of  a  vibrating  spring  (/)  acting  upon  a  *scape-irbe|H 
A  travelling  weight  on  the  spring  can  be  moved  toward  either  ettJUH 
regulate  the  quickness  of  the  vibrations.  The  clock-work  drives  dl^| 
shafts  or  axes  ;  1.  The  type-shaft,  so  called  because  it  carries  %%  l^ 
extremity  the  type-wheel  (T),  wliich  has  the  letters  of  the  alpliaU»t  t^, 
gravciJ  in  relief  on  its  circumference  at  equal  distances,  except  thilH 
blank  space  occurs  at  one  place  instead  of  a  letter ;  2.  llie  pHrt|^| 
Bhaft,  which  turns  much  faster  than  the  type-shaft,  making  sooiM^^H 
700  revolutions  per  minute,  and  carrying  the  fly-wheel  (V).  Tboj^^H 
axes  are  horizontal,  and  are  separately  represented  in  Fig.  14  ;H^| 
vertical  shaft  (a)  having  the  same  velocity  as  the  type-whcfel,  wyJB 
drives  it  by  means  of  bevel- wheels.  H 

This  vertical  shaft  consists  of  two  metallic  portions,  insulated  froiH 
each  other  by  an  ivory  connecting*piec€.  In  ,the  position  reprefiontiH 
in  Fig.  H,  these  two  metallic  parts  are  electrically  connected  by  mciilH 
of  the  screw  (V),  but  they  will  bo  disconnected  by  raising  the  mo^| 
able  piece  (r).  H 

The  revolving  arm  composed  of  the  pieces  t>^  v  is  called  the  ct/i^dH 
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It  revolves  witb  tbe  vertical  shaft,  and  travels  over  a  disk  (D)  pier 
with  as  many  bolea  as  thei^e  are  letters  on  the  type-wheel,  these  ho 
being  ranged  in  a  circle  round  the  base  of  the  slmft,  and  at  such  a  ( 
tance  from  the  shaft  that  the  extremity  of  the  chariot  passes  ex 
over  them.  In  these  holes  are  the  upper  ends  of  a  set  of  pins  (fj)^  wh 
are  raised  by  putting  down  a  set  of  keys  {B^  resembling  those  ( 
piano.  When  tbe  chariot  passes  over  a  pin  which  is  thus  raised^  1 
piece  t>  is  lifted  away  from  tj',  and  the  current  from  the  battery,  i  " 
previously  passed  from  tbe  pin  through  v  and  t?*  to  the  earth,  is  i 
cut  off  from  v\  and  passes  through  v  to  the  electro-magnet,  and  f* 
to  the  linc-wire. 

Fift.  14. 
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This  is  the  process  for  sending  signals.     We  will  now  ezplMftl 
a  current  thus  sent  causes  a  letter  to  he  printed  by  the  type-wboclil 
both  the  sending  and  receiving  stations,  the  sending  and  receirtnj 
struments  bi'iog  precisely  alike. 

The  current  traverses  tbe  coils  of  an  electro-magnet  (E,  Fig.  18),! 
heath  wbich  is  a  permanent  steel  horseshoe  magnet,  having  its  ] 
in  contact  with  the  soft^iron  cores  of  the  electro-magnet.     When  I 
current  is  passing,  tbe  influence  of  the  steel  renders  these  cores  ' 
porary  magnets,  and  enables  them  to  hold  the  movable  armaittni  ( 
against  the  force  of  an  opposing  spring.     The  current  is  iu 
direction  that  it  tends  to  reverse  the  nrngnetism  induced  by  thtl 
It  is  not  necessary,  however,  that  it  should  be  strong  enotixh  to] 
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duce  an  actual  reversal,  but  merely  that  it  should  weaken  the  induced 
magnetism  of  the  cores  sufficiently  to  enable  the  opposing  spring  to 
overpower  them.  This  is  one  of  the  most  original  parts  of  Hughes's 
apparatus,  and  is  a  main  cause  of  its  extreme  sensibility. 

The  printiiig-f^haft  coiisists  of  two  portions,  one  of  which  (I,  Fig, 
14)  carries  the  fly-wheel  (V),  and  turns  uniformly  under  the  action  of 
the  clock-movement ;  the  other,  which  is  next  the  front  of  the  machine, 
remains  at  rest  wiien  no  current  is  passing  j  but,  when  the  armature  of 
the  magnet  rises,  the  two  parts  of  iKe  shaft  become  locked  together 
by  means  of  the  ratchet-wheel  and  click  (t  i'). 

The  portion  of  the  shaft  which  is  thus  turned  every  time  a  current 
passes,  carries  a  very  acute  cam  or  tooth  (jo,  Fig.  16),  which  suddenly 
raises  the  lever  (a  b)^  movable  about  an  axis  at  one  end  (T),  ami,  by  so 
doing,  raises  the  paper  against  the  type-wheel,  and  prints  the  letter. 
In  order  thus  to  pirint  a  letter  from  the  rim  of  a  wheel  which  continues 
turning,  very  rapid  movement  is  necessary.  Tliis  is  secured  by  making 
the  opposing  spring  which  moves  the  armature  very  powerful,  and  the 
cam  (p)  very  acute,     llie  same  movement  of  the  lever  which  produces 
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the  impression,  raises  the  arm  {J  U)^  which  carries  a  spring  (r)  with  a 
click  at  its  extremity.  This  click,  in  its  ascent,  glides  over  tlie  teeth 
of  the  ratchet-wheel  (E),  but  locks  into  the  teeth  and  turns  the  wheel 
Ui  its  descent,  and,  by  so  doing,  advances  the  paper  through  the  dis- 
tance corresponding  to  one  letter.  The  spacing  of  the  words  is  ob- 
tained by  the  help  of  the  blank  on  the  type-wheel. 

The  type- wheel  should  admit  of  easy  jidjustment  to  restore  it  to 
•greement  with  the  chariot  when  accidental  derangement  may  have 
occurred.  For  this  purpose  the  shnft  (G)  is  mj;de  hnllom%  its  internal 
and  external  portions  being  merely  locked  together  by  the  click  (m), 
which  is  held  in  its  place  by  a  permanent  current  in  eitljcr  direction. 
On  pressing  down  the  button  (Q,  Fig.  13),  the  click  {rn)  is  raised  by  the 
£^  so  as  to  leave  the  type-wheel  free,  and  a  pin  is  provided  which 
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catches  ID  a  notch  corresponding  to  the  blank  on  the  type-wheel    Tbo 
adjustment  can  also  be  made  by  band. 

Lastly,  the  shaft  (I)  carries  a  third  cam,  which,  at  each  revohtioa 
of  this  axis,  engages  with  a  very  coarse-toothed  wheel  (T),  set  on  the 
same  axis  as  the  type-wheel,  and  pushes  it  a  little  forward  or  backward 
without  detaching  it  from  the  driving-gear.  Small  discrepancies  be- 
tween the  velocities  of  the  type-wheel  and  chariot  are  thus  eorr^cttil 
as  often  as  a  letter  is  printed.  This  contrivance  serves  to  keep  the  n?- 
ceiving  instrument  from  gaining  or  losing  on  the  sending  instrument 
during  the  transmission  of  a  message.  The  type-wheel  of  the  recciT- 
ing  instrument  must  be  adjusted  before  the  message  begins,  so  ai  to 
make  the  two  instrumentsi  start  at  the  same  letter. 

Suppose  a  metallic  cylinder,  permanently  connected  with  the  earth, 
to  be  revolving,  carrying  with  it  on  its  surface  a  strip  of  paper  fresUf 
impregnated  with  cyanide  of  potassium.  Also  suppoae  a  very  li^bt 
steel  point  permanently  connected  with  the  line-wire,  and  resting  ui 
oontact  with  the  papen  Every  time  that  a  current  arrives  bv  the 
Une-wire,  chemical  action  will  take  place  at  the  point  of  contact,  and 
the  paper  at  this  point  will  be  discolored  by  the  formation  of  Prussian 
blue*  This  is  the  principle  of  Bain's  electro-chemical  telegraph,  which 
leaves  a  record  in  the  shape  of  dots  and  dashes  of  Prussian  blue.  The 
apparatus  for  sending  signals  is  the  same  as  in  Morse's  system.  The 
paper  must  not  be  too  wet,  or  the  record  will  be  blurred ;  neither  mn^ 
it  be  too  dry,  for  then  no  record  will  be  obtained. 

An  autographic  telegraph  is  one  which  produces  at  the  rec^jiring 
station  a  fac-siraile  of  the  original  dispatch.  The  best  known-instm* 
ments  of  this  class  are  those  of  Bonelli  and  CasellL  We  shall  descnb^ 
the  latter. 

Fia,  11 
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At  the  sending  station  a  sheet  of  metallised  paper,  with  the  i 

Sch  written  upon  it  in  a  greasy  kind  of  ink,  is  laid  upon  a  cylin'l 
face  (M,  Fig.  16).     At  the  receiving  station  there  is  a  siniiUret^ 
di'ic  surface  (R),  on  which  a  sheet  of  Bain's  chemical  paper  li  J 
Two  styles,  driven   by  pendnluras  which   oscilliite  with   exact  ijj 
chronism,  move  over  the  surfaces  of  the  two  sheets,  describing  «p 
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rery  close  parallel  lines  at  a  imifomi  distance  apart j  both  styles 
in  permanent  connection  with  the  Une-wxre,  The  current  is  fur- 
I  by  the  Lattery  (P)  at  the  sending  station.  When  tLe  style  is  on 
beting  portion  of  the  paper  31,  the  current  takes  the  course  of 
esistance  (ABCD)^  no  sensible  portion  of  it  going  to  the  other 
|»    On  the  otber  hand,  when  the  style  is  on  the  non-conducting 
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PHoh  the  dispatch  is  written,  the  circuit  A B  CD  is  broken,  and 
trrtfDt  travels  through  the  line-wire.  At  this  moment  the  style 
et  R  is  in  exactly  the  same  position  as  that  on  the  sheet  M, 
I  of  the  synchronism  of  the  pendutlums,  and  a  blue  line  will 
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be  produced  which  will  be  the  exact  reproduction  of  the  broken  IiM 
of  the  dispatch  traversed  bj  the  etyle.  Accordingly,  when  the  style 
of  M  has  described  a  series  of  lines  close  together  and  covering  the 
sheet,  R  will  be  covered  with  a  series  of  poiuts  or  lines  forming  a  copy 
of  the  dispatch.  The  tracing  point  is  carried  by  a  lever  turning  about 
an  axis  near  its  lower  end.  To  this  lower  end  is  attached  a  connect- 
ing rod,  jointed  at  its  other  end  to  the  pendulum  (Fig.  l^).  Wlute 
the  pendulum  swings  in  one  direction,  the  style  traces  a  line  in  oM 
direction  on  the  sheet.  At  the  end  of  this  stroke,  an  action  occtus 
which,  besides  advancing  the  style,  raises  it,  so  that  it  does  not  toucli 
the  sheet  during  the  return-stroke. 

The  synchronism  of  the  pendulums  at  the  two  stations,  which  is 
ftbfiolutely  necessary  for  correct  working,  is  obtained  by  means  of  two 
clocks  which  are  separately  regulated  to  a  given  rate,  the  clocbpeO' 
duluma  making  two  vibrations  for  one  of  the  telegraphic  pendulum.  ( 
The  bob  of  the  latter  consists  of  a  mass  of  iron,  and  vibrates  betweeo 
two  electro-magnets,  which  are  made  and  unmade  according  to  tba  p^  j 
silion  of  the  clock-pendulum,  as  the  latter  makes  and  breaks  thecircoil 
of  a  local  battery.     The  mass  of  iron  is  thus  alternately  attracted  fcf  | 
each  of  the  two  magnets  as  it  comes  near  them,  and  is  prevented  froai 
gaining  or  losing  on  the  clock* 


Fiq.  18. 
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It  is  evident  that  the  Caselli  telegraph  may  be  applied  to  eopf  I 
only  letters,  but  a  design  of  any  kind  ;  hence  the  name  otpantel 
which  has  been  given  it.     Fig.  18  represents  a  copy  thus  obu 
upon  Bain^B  paper.     Fig,  19  represents  a  copy  obtained  attbei 
time  upon  a  sheet  of  tin-foil,  such  as  ia  usually  placed  beneatb  i 
paper.    The  current  decomposes  the  moisture  of  the  paper,  and  I 
hydrogen  thus  liberated  reduces  the  oscide  of  tin,  of  which  »  < 
quantity  is  always  present  on  the  surface.     If  the  foil  be  then  1 
with  a  mixture  of  nitric  and  pyrogallic  acid,  the  traces  are  dereto 
and  come  out  black. 

The  Caselli  system  has  been  used  for  some  years  on  the  telegt 
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end  Havre  and  Lyons,  but  has  not  realized  tlie  hopes  of  its  pro- 

,  its  dispatches  being  often  illegible. 
>  Instead  of  a  serieg  of  parallel  lines,  the  styles  may  be  made  to  traoe 
I  successive  convolutions  of  a  fine  helix,  the  two  sheets  being  bent 

nd  two  cylinders,  which  revolve  in  equal  times,  and  also  advance 

ptudinally. 
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By  hebbeet  spenceb. 

Xin. — Ducipiine» 

the  foregoing  eight  chapters  we  have  contemplatedj  under  their 
several  heads,  those  '*  Difficulties  of  the  Social  Science  *'  which  the 
ter  bearing  that  title  indicated  in  a  general  way.  Alter  thus 
ling  the  student  against  the  errors  he  is  liable  to  fall  into,  partly 
iii«e  of  the  nature  of  the  phenomena  themselves  and  the  conditions 
are  presented  under,  and  partly  because  of  his  own  nature  as 
of  them^ — which  by  both  its  original  and  its  acquired  chanic- 
ies  twists  of  perception  and  judgment — ^it  now  remains  to  say 
mcthlng  about  the  needful  preliminary  stadies.  I  do  not  refer  to 
dies  furnishing  the  requisite  data,  but  I  refer  to  studies  giving 
rrequisite  diBcipline.  Right  thinking  in  any  matter  depends  very 
eh  on  the  habit  of  thought ;  and  the  habit  of  thought,  partly  nat- 
If  depends  in  part  on  the  artificial  in^uences  to  which  the  mind 
\  l>een  subjected. 

As  certainly  as  each  person  has  peculiarities  of  bodily  action  that 
languish  him  from  his  fellows,  so  certainly  has  he  peculiarities  of 
Itat  action  that  give  a  character  to  his  conceptions.  There  are 
ks  of  thought  as  well  as  tricks  of  muscular  movement.  There  are 
aired  mental  aptitudes  for  seeing  things  under  particular  aspects^ 
lere  are  acquired  bodily  aptitudes  for  going  through  evolutions 
particular  ways.  And  there  are  intellectual  perversities  pro- 
by  certain  modes  of  treating  the  mind,  as  there  are  incurable 
tosses  due  to  certain  physical  activities  dally  repeated, 
ever  to  be  remembered  is,  that  each  kind  of  mental  disci- 
besides  its  direct  effects  on  the  faculties  brought  into  play,  has 
It  effects  on  the  faculties  left  out  of  play  ;  and  when  special 
gained  by  extreme  special  discipline,  there  is  inevitably  more 
general  mischief  entailed  on  the  rest  of  the  mind  by  the  conse- 
raot  of  discipline.  That  antagonism  betw^een  body  and  brain 
in  those  who,  pushing  brai reactivity  to  an  extreme,  en- 
diair  bodies,  and  those  who,  pushing  bodily  activity  to  an  ex- 
flsake  their  brains  inert,  is  an  antagonism  which  holds  between 
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the  parts  of  tbe  body  itself  and  the  parts  of  the  brain  itself.  T 
greater  bulk  and  streugth  of  the  right  arm  resulting  from  its  gifai 
use,  and  the  greater  aptitude  of  the  right  hand,  are  instances  in  poi^ 
and  that  the  relative  incapacity  of  the  left  hand,  involved  by  col 
vating  the  capacity  of  the  riglit  hand,  would  become  still  more  markl 
were  the  right  hand  to  undertake  all  manipulation,  is  obvious.  IS 
like  holds  among  the  mental  faculties.  Tbe  fundamental  antagonid 
between  feeling  and  cogiiitionj  running  down  through  all  actionil 
the  mind,  from  the  eo  nil  lets  between  emotion  and  reason  to  the  oOj 
flicts  between  sensation  and  perception,  is  the  largest  illustralid 
We  meet  with  a  kindred  antagonism,  among  the  actions  of  the  ion 
lect  itself,  between  perceiving  and  reasoning.  Men  who  have  mariel 
aptitudes  for  aceumnlating  observations  are  rarely  men  given  to  gi 
eralisdug  ;  while  men  given  to  generalizing  are  commonly  men  wi 
mostly  using  the  observations  of  others,  observe  for  themselves  U 
from  love  of  particular  facts  than  from  desire  to  put  such  facts  t<rtM( 
We  may  even  trace  the  antagonism  w^ithin  a  narrow^er  range,  betw6< 
general  reasoning  and  special  reasoning.  One  prone  to  far-reaclii^ 
speculations  rarely  pursues  to  much  purpose  those  investigation*  1 
which  pai'ticular  truths  are  reached ;  while  the  scientitie  special 
ordinarily  has  but  little  tendency  to  occupy  himself  with  wide  viewd 

No  more  is  needed  to  make  it  clear  that  habits  of  thought  ren 
from  particular  kinds  of  mental  activity,  and  that  each  man's  hAbI 
of  thought  influence  his  judgment;  on  any  question  brought  befd 
him.  It  will  be  obvious,  too,  that,  in  proportion  as  the  question  is  I 
volved  and  many-sided,  the  habit  of  thought  must  be  a  more  impd 
tant  factor  in  determining  the  conclusion  arrived  at,  WTiere  tbe  m 
ject-matter  is  very  simple,  as  a  geometrical  truth  or  a  mechanM 
action,  and  has  therefore  not  many  difterent  aspects,  perversioua  I 
view  consequent  on  intellectual  attitude  are  comparatively  few;  bi 
where  the  subject-matter  is  complex  and  heterogeneous,  and  admitti 
being  mentally  seen  in  countless  different  ways,  the  intelleotual  ll 
tude  affects  very  greatly  the  form  of  the  conception.  I 

A  fit  habit  of  thought,  then,  is  all-important  in  the  study  of  Sow 
ogy  ;  ami  a  fit  habit  of  thought  can  be  acquired  only  by  study  of  tt 
Sciences  at  large.  For  Sociology  is  a  science  in  wl»ieh  the  phenonid 
of  all  other  sciences  are  inehided.  It  presents  those  necessitief  of  1 
lation  with  which  the  Abstract  Sciences  deal ;  it  presents  those  oj 
nections  of  cause  and  effect  which  the  Abstract-Concrete  Scieni 
familiarize  the  student  with  ;  and  it  presents  that  concurred  "  i| 
causes  and  production  of  contingent  results  which  the  C'  ^ 

ences  show  us,  but  which  we  are  shown  especially  by  the  ^^fl 
ficiences.  Hence,  to  acquire  the  habit  of  thought  conducive  tffll 
thinking  in  Sociology,  the  mind  must  be  familiarized  with  tbe  fsm 
mental  ideas  which  each  class  of  sciences  brings  into  view,  and  m^^l 
be  possessed  by  those  of  any  one  class,  or  any  two  classes^  of  fli^H 
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That  tbis  may  be  better  seen,  let  me  briefly  indicate  tbe  indispen- 
ile  dificiprme  which  each  ckhs  of  Bcienees  gives  to  the  intellect^  and 
?  the  wrong  intellectual  habits  produced  if  that  class  of  sciences  is 
died  exclusively. 

Xntlre  absence  of  training  in  the  Abstract  Sciences  leaves  tbe 
id  without  due  sense  of  necessity  of  relation.  Watch  the  mental 
nrements  of  the  wholly  ignorant,  before  whom  not  even  the  exact 
I  certain  results  of  Arithmetic  have  been  frequently  brought,  and 
irill  be  seen  that  there  exists  nothing  like  irresistible  conviction 
tt  from  given  data  there  is  an  inevitable  inference.  That  which  to 
a  has  the  aspect  of  a  necessity,  seems  to  them  not  free  from  doubt, 
'en  men  whose  educations  have  made  numerical  processes  and  re- 
Its  tolerably  familiar,  will  show,  in  a  cai^e  where  tbe  implication  is 
peal  only,  that  they  have  not  absolute  confidence  in  the  dependence 
conclusion  on  premisses^ 

Unshakable  beliefs  iu  necessities  of  relation,  are  to  be  gained 
h  by  studying  the  Abstract  Sciences,  Logic  and  Mathematics, 
wling  with  necessities  of  relation  of  the  simplest  class,  Logic  is  of 
le  service  to  this  end ;  though  often  of  less  service  than  it  might 
for  the  reason  that  the  symbols  it  uses  are  not  translated  into 
ugbt,  and  the  connections  stated  not  really  represented.  Only 
►en,  for  a  logical  implication  expressed  in  the  abstract^  there  is  sub- 
Rtited  an  example  so  far  concrete  that  the  interdepeudenciea  can  be 
it<?mplated,  is  there  an  exercise  of  the  mental  powur  by  which  logi- 
necessity  is  grasped.  Of  the  discipline  given  by  Mathematics, 
t>i  it  is  to  be  remarked  that  the  habit  of  dealing  with  the  necessities 
numerical  relation,  though  in  a  degree  useful  for  cultivatiug  the 
ksciou&ness  of  necessity,  is  not  in  a  iiigli  degree  useful;  because,  in 
^imiuense  majority  of  cases,  the  mind,  occupied  with  the  symbols 
^  and  not  passing  beyond  them  to  the  groups  of  units  they  stand 
fidocs  not  really  figure  to  itself  the  relations  expressed — does  not 
ly  discern  their  necessities,  and  has  not  therefore  the  conception 
necessity  perpetually  repeated.  It  is  the  more  special  division  of 
hematics,  dealing  with  Space-relations,  which,  above  all  other 
Idles,  yields  necessary  idcaB,  and  so  makes  strong  and  definite  tbe 
iousness  of  necessity  in  general.  A  geometrical  demonstration 
e  after  time  presents  premisses  and  conclusion  in  such  wise  that 
relation  alleged  is  seen  in  thought — cannot  be  paj^sed  over  by 
«  symbol i^ation.  Each  step  exhibits!  some  connection  of  p^ssitiona 
[tiantjtiea  as  one  that  could  not  be  otherwise ;  and  hence  the  habit 
taking  such  steps  makes  the  consciousness  of  such  connections 

Bmt  and  vivid, 
J  while   mathematical  discipline,  and  especially  discipline  in 
etry,  is  extremely  useful,  if  not  indispensable,  as  a  means  of 
iKMiriiig  the  miod  to  recognize  throughout  Nature  tbe  ab&olul^ne.^^ 
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of  uniformities,  it  la,  if  exclusively  or  too  habitually  pursued,  apt  W 
produce  perversions  of  general  thought.  lueyitably  it  genemtes  t 
special  bent  of  raiud ;  and  inevitably  this  special  bent  affects  all  tta 
iDtellectual  actions — causes  a  tendency  to  look  in  a  mathematical  wif 
at  questions  beyond  the  range  of  Mathematics.  The  mathematioKa 
is  ever  dealing  with  phL^nomena  of  which  the  elements  are  relatifeljr 
few  and  definite.  His  most  involved  problem  is  immeasitrably  less 
involved  than  are  the  problems  of  the  Concrete  Sciences.  But  h« 
cannot  help  bringing  with  him  his  mathematical  habits  of  thouglilj 
and,  in  dealing  with  questions  which  the  Concrete  Sciences  present,  k 
recognizt'S  some  few  only  of  the  factors,  tacitly  ascribes  to  theie  i 
deiiuiteness  which  they  have  not,  and  proceeds  after  the  mathematical 
manner  to  draw  positive  conclusions  from  these  data^  aa  though  tkj 
were  specific  and  adequate. 

Hence  the  truth,  so  often  illustrated,  that  mathematicians  are  bid 
reasoners  on  contingent  matters.  To  previous  illustrations  maybe 
added  the  recent  one  yielded  by  M.  Michel  Chasles,  who  proved  him- 
self incapable  as  a  judge  of  evidence  in  the  matter  of  the  Newtoa* 
Pascal  forgeries.  Another  was  supplied  by  the  late  Prof.  De  MorgUi 
who,  bringing  his  mental  eye  to  bear  with  microscopic  power  on  watt 
small  part  of  a  question,  ignored  its  main  features.  ^k 

By  cultivation  of  the  Abstract- Concrete  Sciences,  there  is  prodiiH 
a  further  habit  of  thought,  not  otherwise  produced,  which  is  esftCflfl 
to  right  thinking  in  general,  and  by  implication  to  right  thinldogfl 
Sociology.  Familiarity  with  the  various  orders  of  physical  and  cbH 
ical  phenomena  gives  distinctness  and  strength  to  the  consciottsflfl 
of  cavA^  and  effect  H 

Experiences  of  things  arouod  do,  indeed,  yield  conceptions  of  M 
cial  forces  and  offeree  in  general.  The  uncultured  get  from  tbesftfl 
periences  degrees  of  faith  in  causation  such  that,  where  they  see  flol 
striking  effect,  they  usually  assume  an  adequate  cause,  and,  wbcHH 
cause  of  given  amount  is  manifeist,  a  proportionate  effect  b  looked  II 
Especially  is  this  so  where  the  actions  are  simple  mechanical  actifl 
Still,  these  impressions  which  daily  life  furnishes,  if  imaided  by  tifl 
derived  froin  physical  science,  leave  the  ordinary  mind  with  bat  flfl 
conceptions  of  causal  relations.  It  needs  but  to  remember  the  iiH[^| 
with  which  people  accept  the  alleged  facts  of  the  SpirituallstliP^H 
of  which  imply  a  direct  negation  of  the  mechanical  axiom  that  ^^B 
and  reaction  are  equal  and  opposite,  to  see  how  much  the  ordinH 
thoughts  of  causation  lack  quantitativeness — ^lack  the  idea  of  pr0^| 
tion  between  amount  of  force  expended  and  amount  of  change  li^^^| 
Very  generally,  too,  the  ordinary  thoughts  of  causation  are  b^^H 
qualitatively  valid;  the  most  absurd  notions  as  to  what  cattf0^| 
produce  what  effect  are  frequently  disclosed.     Take,  for  i  *■ 

popular  belief  that  a  goat  kept  in  a  stable  will  preserve  t!  fl 
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horses;  and  note  how  this  belief,  accepted  on  the  autbority  of 
*QQm&  aod  coachmen,  is  repeated  by  tlteir  educated  employers^ — ae  I 
ely  heard  it  repeated  by  ao  American  general,  and  agreed  in  by  two 
ired  English  officials.  Clearly,  the  reailmess  to  admit,  on  eueh  evi- 
nce, that  such  a  cause  can  produce  such  an  effect,  implies  a  con- 
douBness  of  causation  which,  even  qualitatively  considered,  is  of  the 
idest  kind.  And  such  a  consciousness  is,  indeed,  everywhere  be- 
je<3  by  the  superstitions  prevalent  more  or  less  among  all  classes. 
Hence  we  must  infer  that  the  uncomparcd  and  un  analyzed  obser- 
itions  men  make,  in  the  course  of  their  dealings  with  thuigs  around, 
0  not  Buffice  to  give  them  w^b oily-rational  ideas  of  the  process  of 
iiags.  It  requires  that  physical  actions  shall  be  critically  examined, 
fiictors  and  results  measured,  and  different  cases  contrasted,  before 
lere  can  be  reached  clear  ideas  of  necessary  causal  dependence.  And 
U  to  investigate  physical  actions  is  the  business  of  the  Abstract- 
toocrete  Sciences.  Every  experiment  which  the  physicist  or  the 
lemist  makes  brings  afresh  before  his  consciousness  tbe  truth,  given 
wmtleas  times  in  his  pre^dous  experiences,  that  from  certaiu  antece- 
ita  of  particular  kinds  there  will  inevitably  follow  a  particular  kind 
conaequent;  and  that,  from  certain  amounts  of  the  antecedents,  the 
ouni  of  tbe  consequent  will  be  inevitably  so  much,  Tbe  habit  of 
lOQgbt  generated  by  these  hourly-repeated  experiences,  always  the 
always  exact,  is  one  which  makes  it  impossible  to  think  of  any 
as  arising  without  a  cause,  or  any  cause  as  expended  without  an 
feet ;  and  one  which  makes  it  impossible  to  think  of  an  effect  out  of 
^portion  to  its  cause,  or  a  cause  out  of  pi'oportion  to  its  effect. 
While,  however,  study  of  the  Abstract-Concrete  ScienceSj  carried 
experimentally,  gives  clearness  and  strength  to  the  consciousness  of 
tion,  taken  alone  it  is  inadequate  as  a  discipline ;  and,  when  pur- 
!d  exclusively,  generates  a  babit  of  thought  which  betrays  into  er- 
leous  conclusions  when  higher  orders  of  phenomena  are  dealt  with, 
e  process  of  physical  inquiry  is  essentially  analytical ;  and  the  daily 
ait  of  this  process  generates  two  tendencies — the  tendency  to  con- 
aplate  separately  the  factors  of  plienomena,  'which  it  is  the  aim  of 
uiry  to  disentangle,  and  identify,  and  measure,  and  the  tendency  to 
I  in  the  results  of  such  inquiry  as  though  they  were  the  final  results 
be  sought.  The  chemist,  by  saturating,  neutralizing,  decomposing, 
ipitating,  and  at  last  separating,  is  Enabled  to  measure  what  quau- 
of  tbia  element  bad  been  held  in  combination  by  a  given  quantity 
that;  and,  when,  by  some  alternative  course  of  analysis,  he  has 
fied  the  result,  his  inquiry  in  so  far  is  concluded:  as  are  kindred 
[airies  respecting  the  other  affjuities  of  the  element,  when  they  are 

flitatively  and  quantitatively  determined  in  like  ways.     His  habit  is 
^et  rid  of,  or  neglect  as  much  as  possible,  tbe  concomitant  disturb- 
lactors,  and  to  ascertain  the  nature  and  amount  of  some  one  and 
beo  of  some  other:  and  his  end  is  reached  when  accounts  have  been 
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given  of  all  the  factoi*s  iiidividually  considered*     So  is  it,  too,  witii 
the  physicist.     Say  the  problem  is  the  propagation  of  sound  througft 
air,  and  the  interpretation  of  its  velocity — say  that  the  velocity  ai 
calculated  by  Newton  is  found  less  by  ooe-sLxth  than  observatioD 
givesj  and  that  Laplace  sets  himself  to  explain  the  anomaly.     Hereih 
ogni^es  the  evolution  of  beat  by  the  compression  which  each  soti^H 
wave  produces  in  the  air;  finds  the  extra  velocity  consequent  on  tb^ 
adds  this  to  the  velocity  previously  calculated;  finds  the  result  an- 
swer to  the  observed  fact;  and  then, having  analyzed  the  phenomeji|H 
into  its  components  and  measured  them,  considers  his  task  conclud^f 
So  throughout :  the  habit  is  that  of  identifying,  parting,  and  estimfl 
ing  factors,  and  stopping  after  having  done  this  completely,  fl 

This  habit,  carried  into  the  interpretation  of  things  at  large,  affeiM 
it  somewhat  as  the  mathematical  habit  affects  it.  It  tends  toward  lH 
formation  of  undo ly- simple  and  unduly-definite  conceptions  \  aoifl 
encourages  the  natural  propensity  to  stop  short  with  proximate  resnlfl 
The  daily  j>nictice  of  dvaling  with  single  factors  of  phenomena,  I^B 
with  factors  complicated  by  but  few  others,  and  with  factors  idedH 
separated  from  their  combinations,  inevitably  gives  to  the  thoa^kH 
about  surrounding  things  an  analytic  rather  than  a  8\Tithetic  cbarad^H 
It  promotes  the  contemplation  of  simple  causes  apart  from  the  gqNH 
gled  piexita  of  codperating  causes  which  alt  the  higher  natural  pal 
nomena  show  us,  and  begets  a  tendency  to  suppose  that,  when  iB 
results  of  such  simple  causes  have  been  exactly  determined,  nothilH 
remains  to  be  sought.  ^M 

Physical  science,  then,  though  indispensable  as  a  means  of  dcTei^J 
ing  the  consciousness  of  causation  in  its  simple  definite  forms,  and  thfl 
preparing  the  mind  for  dealing  with  complex  causation,  is  not  saffici^| 
of  itself  to  make  complex  causation  truly  comprehensible.  In  ilkH 
tration  of  its  inadequacy,  I  might  name  a  distinguished  mathematical 
and  physicist  whose  achievements  place  him  in  the  first  rank,  but  iflH 
nevertheless,  when  entering  on  questions  of  concrete  science,  wbiH 
the  data  are  no  longer  few  and  exact,  has  repeatedly  shown  dedec^H 
judgment.  Choosing  premisses  which,  to  say  the  least,  were  ^P^^^^l 
tons  and  in  some  cases  improbable,  he  has  proceeded  by  exact  methaH 
to  draw  definite  conclusions,  and  has  then  enunciated  those  oondH 
sions  as  though  they  had  a  certainty  proportionate  to  the  exactneat H 
Ms  methods.  ■ 

The  kind  of  discipline  which  affords  the  needful  corrective  Is  f^| 
discipline  which  the  Concrete  Sciences  give.  Study  of  the  formi  S 
pheuoinena,  as  in  Logic  and  Mathematics,  is  needful,  but  by  no  iii£l^| 
fiufiicient.  Study  of  the  factors  of  phenomena,  as  in  Mechanics,  Pi>^| 
ics,  Chemistry,  is  also  essential,  but  not  enough  by  itself,  or  enodlH 
even  joined  with  study  of  the  tonus.  Study  of  the  products  tbcH 
selves,  ill  their  totalities,  is  no  less  necessary.  Exclusive  attention  H 
f^^rinu  and  factors  will  not  only  fail  to  give  right  conceptions  ol  prtj 
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I  ncu,  bot  will  even  tend  to  make  the  conceptions  of  products  wrong. 
I  Tlie  analytical  habit  of  mind  has  to  be  siipplemented  by  the  syn- 
f  tbetical  habit  of  mind*  Seen  in  its  jjropex*  place,  analysia  has  for  its 
I  chief  function  to  prepare  the  way  for  synthesis ;  and,  to  keep  a  due 
I  mental  balance,  there  must  be  not  only  a  recognition  of  the  truth  that 
I  Bynthesis  is  the  end  to  which  analysis  is  the  means,  but  there  must  also 
I  Iw  a  practice  of  giyntheijis  along  with  a  practice  of  analysis. 
I  All  the  Concrete  Sciences  familiarise  the  mind  with  certain  cardinal 
I  concept  ions  which  tbe  Abstract  and  Abstract-Concrete  Sciences  do  not 
I  yield — the  conceptions  of  eontinuitf/^  compiexiti/^  and  contingency^ 
I  The  simplest  of  the  Concrete  Sciencefi,  Astronomy  and  Geology,  yield 
I  the  idea  of  continuity  with  great  distinctness*  I  do  not  mean  con- 
I  tinmty  of  existence  merely;  1  mean  continuity  of  causation;  the  rni- 
I  ceasing  production  of  effect^the  noTer-ending  work  of  every  force. 
I  On  the  mind  of  the  astronomer  there  is  vividly  impressed  tbo  idea  that 
I  any  one  planet  which  has  been  by  so  much  swerved  out  of  its  course 
I  ^7  ftDother  planet,  or  by  a  combination  of  others,  will  through  all  fu- 
I  tnft*  time  follow  a  route  different  from  that  it  would  have  followed  but 
I  fof  the  perturbation  ;  and  he  recogmzee  itn  reaction  upon  the  perturb- 
I  ^.^^  pbnet  or  planets,  as  Bimllarly  ba\TJig  effects  wbich,  while  ever 
I  '>ebg  complicated  and  ever  slowly  diffused^  will  never  bo  lost  during 
I  toe  immeasurable  periods  to  come.  So,  too,  the  geologist  sees  iti  each 
I  change  wrought  on  the  earth's  crust,  by  igneous  or  aqueous  action,  a 
l^ew  factor  that  goes  on  perpetually  modifying  all  subsequent  changes. 
I  An  upheaved  portion  of  sea-bottom  alters  the  courses  of  ocean-cur- 
l^tg,  modifies  the  climates  of  adjacent  lands,  affectts  their  rainfalls 
I  *Qd  prevailing  winds,  their  denudations  and  the  deposits  round  their 
Mflta,  their  floras  and  faunas;  and  these  effects  severally  become 
Ipftses  that  act  unceasingly  in  ever-multiplying  ways.  Always  there 
I'*  tfaceal^le  the  persistent  working  of  each  force,  and  the  progressive 
I  Complication  of  the  results  through  succeeding  geologic  epochs, 
r  These  conceptions,  not  yielded  at  all  by  the  Abstract  and  Abstract- 
^cincrete  Sciences,  and  yielded  by  the  inorganic  Concrete  Sciences  in 
^*y«  which,  though  unquestionable,  do  not  arrest  attention,  are  yielded 
***  dear  and  striking  ways  by  the  organic  Concrete  Sciences — the  sci- 
3ces  that  deal  with  living  things*  Every  organism,  if  we  choose  to 
^ad  the  lessons  it  gives  us,  shows  continuity  of  causation  and  com- 
rWity  of  causation.  The  ordinary  facts  of  inheritance  illustrate  con- 
^Uuity  of  cansation — ^very  conspicuously  where  varieties  so  distinct  as 
^gro  and  white  are  united,  aud  where  traces  of  the  negro  come  out 
l^ncration  after  generation ;  and  still  better  among  domestic  animals, 
^hcre  traits  of  remote  ancestry  show  the  persistent  working  of  causes 
l^liich  date  far  back.  Organic  phenomena  make  us  familiar  with  com- 
T^Wxity  of  causation,  both  by  showing  the  cooperatiou  of  many  ante- 
l^edentB  to  each  consequent,  and  by  showing  the  multiplicity  of  results 
t^tidi  each  influience  works  out.    If  we  observe  how  a  given  weighs 
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of  a  given  drug  produces  on  no  two  persona  exactly  like  seta  of  4 
and  produces  even  on  the  same  person  different  effects  in  differei 
stitutloual  states,  we  see  at  once  how  involved  is  the  combinat 
factors  by  which  the  changes  in  an  organism  are  brought  aboi 
how  extremely  contingent,  therefore,  is  each  paniccUar  change. 
we  need  bat  watch  what  happens  after  an  injury,  say  of  the  fj 
perceive  haw,  if  permanent,  it  alters  the  gait,  alters  the  adjal 
and  bend  of  the  body,  altei-s  the  movements  of  the  arms,  altei 
features  into  some  contracted  form  accompanying  pain  or  ] 
veiiieoce.  Indeed,  through  the  readjustments,  muscular,  nervoo 
viscera!,  which  it  entails,  this  local  damage  acts  and  reacts  od  fm 
and  structure  throughout  the  whole  body,  producing  effects  whi 
they  diffuse,  complicate  incalculably. 

While,  in  multitudinous  ways,  the  Science  of  Life  thrusts  Q 
attention  of  the  student  the  cardinal  notions  of  continuity^  an^ 
plexity,  and  contingency,  of  causation,  it  introduces  him  to  a  ft 
conception  of  moment,  w^hich  the  inorganic  Concrete  Sciences^ 
funiish — the  conception  of  what  we  may  call  fructifying  caui 
For,  as  it  is  a  distinction  between  living  and  not-living  bodies  thi 
first  propagate  while  the  second  do  not,  it  is  also  a  distinctly 
tween  them  that  certain  actions  which  go  on  in  the  first  are  ci 
tive,  instead  of  being,  as  in  the  second,  dissipative.     Not  only  k 
ganisms  as  wholes  reproduce,  and  so  from  small  beginnings  are  caj 
by  multiplication,  of  reaching  great  results  ;  but  components  of  j 
normal  and  morbid,  do  the  like.     Tbus  a  minute  portion  of  a 
troduced  into  an  organism,  does  not  work  an  effect  proportioi 
its  amount,  as  would  an  inorganic  agent  on  an  inorganic  mass ; 
appropriating  materials  from  the  blood  of  the  organism,  and  tl 
mcnsely  increasing,  it  works  effects  altogether  out  of  proportio! 
amount  as  originally  introduced — effects  which  may  continue 
cumulating  power  throughout  the  remaining  life  of  the  organi 
is  so  with  internally-evolved  agencies  as  well  as  wnth  externi 
vading  agencies.     A  portion  of  germinal  matter,  itself  mienjd 
may  convey  from  a  parent  some  constitutional  peculiarity  thai 
finitesimal  in  relation  even  to  its  minute  bulk ;  and  from  thii 
may  arise,  fifty  years  afterward,  gout  or  insanity  in  the  Tti 
.  man :   after  this  great  lapse  of  time,  slowly-increasing  actioi 
products  show   themselves   in   large  derangements  of  functio 
structure.     And  this  is  a  trait  chamcteristic  of  organic  pbenc 
While,  from  the  destructive  changes  going  on  throughout  the  I 
of  living  bodies,  there  is  a  continual  production  of  effects  whk 
themselves  by  subdivision,  as  do  the  effects  of  inorganic  forcel| 
arise  from  those  cofutruetive  changes  going  on  in  them^  by 
living  bodies  are  distinguished  from  not-living  bodies,  certaia  i 
of  effects  which  increase  as  they  diffose — ^go  on  augmenting  in  i 
lis  well  as  in  variety. 
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•X^ius^as  a  disciplioe,  study  of  the  Science  of  Life  is  essential ;  part- 
ly a.©  familiarizing  the  mind  with  the  cardinal  ideas  of  continuity,  eom- 
pkxity,  and  contingency,  of  causation  in  clearer  and  more  various  ways 
t\uiix  do  the  other  Concrete  Sciences,  and  partly  as  familiarizing  the 
I  miad  with  the  cardinal  idea  of  fructifying  causatioOj  wbich  the  other 
Concrete  Sciences  do  not  present  at  all     Not  that^  pursued  exclusive- 
ly, the  Organic  Sciences  "will  yield  these  conceptions  in  clear  forms ; 
there  requires  a  familiarity  with  the  Abstract-Concrete  Sciences  to 
ghe  the  requisite  grasp  of  simple  causation.     Studied  by  tbemselves 
the  Organic  Sciences  tend  rather  to  make  the  ideas  of  causation  cloudy ; 
for  the  reason  that  the  entanglement  of  the  factors  and  the  contingency 
of  the  results  is  so  great  that  definite  relations  of  antecedents  and  con- 
•equente  cannot  be  establiobed:  the  two  are  not  presented  in  such 
•OHnectiona  as  to  make  the  conception  of  causal  action,  qualitative  and 
^luantitative,  sufficiently  distinct.     There  requires,  first,  the  discipline 
jidded  by  Physics  and  Chemistry,  to  make  definite  the  ideas  of  forces 
and  actions  as  necessarily  related  in  their  kinds  and  amounts ;  and 
then  the  study  of  organic  phenomena  may  be  carried  on  with  a  clear 
conscioasnesB  that  while  the  processes  of  causation  are  so  involved  as 
^n  to  be  inexplicablej  yet  there  is  causation,  no  less  necessary  and 
^  less  exact  than  causation  of  simpler  kinds. 


And  now  to  apply  these  considerations  on  mental  discipline  to  our 
HBmediate  topic*  For  the  effectual  study  of  Sociology  there  needs  a 
'^hit  of  thought  generated  by  the  studies  of  all  these  sciences  j  since, 
*8  already  said,  social  phenomena  involve  phenomena  of  every  order. 

That  there  are  necessities  of  relation  such  as  those  with  which  the 
Abstract  Sciences  deal,  cannot  be  denied,  when  it  is  seen  that  societies 
pr^ient  facts  of  number  and  quantity,  Tliat  the  actions  of  men  in 
•**c4ety,  in  all  their  movements  and  productive  processes,  rnnst  con- 
fonn  to  the  laws  of  the  physical  forces,  is  also  indisputable.  And 
that  every  thing  thonght  and  felt  and  done  in  the  course  of  social 
life  is  thought  and  felt  and  done  in  harmony  with  the  laws  of  indi- 
^iflaal  life,  is  also  a  truth— almost  a  truism,  indeed  ;  though  one  of 
vWch  few  seem  coriscions. 

Culture  of  th<!  sciences  in  general,  then,  is  needful ;  and,  above  all, 
<'^Hure  of  the  Science  of  Lite.  This  is  more  especially  requisite,  how- 
^V€r,  because  the  conceptions  of  continuity,  complexity,  and  contin- 
f,  of  causation,  aa  well  as  the  conception  of  fructifying  causation, 
^  conceptions  common  to  it  and  to  the  Science  of  Society,  It  aflt^rds 
4  ppecially-fit  discipline,  for  the  reason  that  it  alone  among  the  sciences 
produces  familiarity  with  the^c  cardinal  idea8^3ref^ents  the  data  for 
rfjom  in  forms  easily  grasped,  and  so  prepares  the  mind  for  recognix- 
[  ing  the  data  for  them  in  the  Social  Science,  where  they  are  less  easily 

ipcd,  tboagh  no  less  constantly  presented. 

supreme  importance  of  this  last  kind  of  culture,  howe^eT^\E 
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not  to  be  adequately  shown  by  this  brief  statement.    For,  bnidee 
generating  habits  of  thought  appropriate  to  the  study  of  the 
Science,  it  furnishes  the  miiid  with  special  conceptions  which  serre 
keys  to  the  Social  Science.    The  Science  of  Life  yields  to  the  Sci 
of  Society  certain  great  generalizations  without  which  there  can 
no  Science  of  Society  at  all.     Let  us  go  on  to  observe  the  relatioofiof 
the  two. 
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FOOTPEi:tfTS    IN    THE    EOOKS, 

Bt  CHAELES  H.  HITCHCOCK,  A.  M*, 

FSOFESaOB    or    QXaLOOT    in    DABTVOUTQ    OOUJEaS* 

SEYEXTY  years  ago,  a  student  belonging  to  Williams  College^ 
while  holding  the  plough  in  liis  father's  field  at  South  IlaJleTi 
Massachusetts,  turned  over  a  flat  slab  of  sandstone  about  three  feet 
long.  Ilis  attention  was  directed  to  what  seemed  to  be  a  row  of  Unl- 
tracks  upon  its  surface.  He  had  often  noticed— ^as  has  every  ioklli- 
gent  person — ^the  impressions  made  by  tlie  feet  of  animals  in  the  mud, 
upon  the  shores  of  rivers,  lakes,  and  in  the  highway.  But  he  bd 
never  before  seen  the  imprint  of  an  animars  foot  upon  the  solid  n*ck, 
and  had  been  taught  to  believe  that  the  ledges  were  suddenly  called 
into  being  by  the  Almighty  without  passing  through  a  tedious  formatlTe 
process.  Here,  however,  was  a  phenomenon  not  to  be  explained  id 
accordance  with  the  popular  opinion — real  footprints  in  the  solid  joek— 
and  how  came  they  there  ? 

It  was  before  the  days  of  much  geological  knowledge,  but ! 
Moody  exercised  a  common-sense  method  of  explaining  what  he  ni 
tor  he  concluded  that  these  markings  were  made  by  fiome  animal  I 
an  early  period  of  the  earth*8  history.     Nothing  was  more  natartl  ^ 
him  than  to  surraise  that  they  were  made  during  the  earliest  aqoe 
deposit  of  which  he  had  heard^the  muddy  sediments  left  by 
Noachian  Deluge.      Hence  he  pointed  out   these  foot-markB  to 
friends — the  specimen  being  utilized  for  a  slepping-stouc  at  his  i 
door — as  having  been  made  by  Noah's  raven  when  wandering  in « 
of  dry  land.     The  slab  is  still  preserved,  and  tlie  impressions  app 
to  have  been  made  by  one  of  that  remarkable  group  of  animals  wh 
abounded  in  New  England  during  the  Triassio  or  New  Red  Sandst^ 
period. 

Thirty-five  years  later,  as  Mr.  W.  W.  Draper,  of  GreenfieM,  a  rill 
thirty  miles  farther  north,  was  returning  home  from  church,  his  at! 
tion  was  arrested  by  the  sliding  of  snow  from  some  large  pav 
stones  leaning  against  a  fence.  As  he  turned  his  eyes,  he  saw  ai 
of  apparent  ornithic  impressions  on  the  slab,  shown  very  <1i 
account  of  the  reflection  of  the  sun's  rays  from  a  wet  m 
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llosophic  induction  was  the  result  of  his  observation,  and  he  immc- 
elv  remarked  to  Iris  wife :  "  There  are  some  turkey^s  tracks  made 

thousand  years  ago  I  " 
These  two  minds,  though  untutored  in  sciontilio  lore,  each  inde- 
idently  of  the  other,  expressed  that  fundamental  generalization  of 
paleoatology  which  has  never  been  set  aside,  though  w^ondrously  am- 
i£cd  and  illustrated  since  that  time :  that  these  impressions  were 
lide  by  living  animals  in  immensely  remote  periods,  when  the  phys- 
geography  of  the  country  differed  from  w^hat  it  is  at  present — that 
to  flay,  when  the  existing  solid  ledges  were  in  the  formative  process, 
Mr.  Draper  soon  communicated  his  views  to  his  friends,  especially 
Captain  John  Wilson.  Captain  Wilson  did  the  same  to  Dexter 
isrsb,  and  Mr.  Marsh  to  the  village  pliysician,  Dr,  James  Deane,  All 
gentlemen  coincided  with  the  theory  of  Mr.  Draper,  that  the 
irkingB  were  turkey-tracks ;  but,  as  none  of  them  were  geologists, 
ly  felt  the  need  of  competent  advice.  Accordingly,  Dr.  Deane  sent 
icriptions  of  the  slabs  to  the  State  Geologist,  the  late  Prof.  Edward 
Itchcock,  of  Amherst,  urging  him  to  come  and  examine  them,  A 
sketch  was  sent  to  the  late  Prof.  Benjamiu  Si  Hi  man,  of  New 
^ven,  who  expressed  no  opinion  about  it,  but  wished  Prof,  Hitchcock 
investigate  the  subject.  As  soon  as  it  was  convenient,  this  gentle- 
in  went  to  Greenfield  and  examined  the  specimens.  His  acquaint- 
with  geological  literature  and  methods  of  investigation  apprised 
that  this  new  theory,  though  plausible,  must  pass  through  a  sever© 
deal  before  it  could  be  established.  Not  merely  was  it  questionable 
lether  footprints  could  be  preserved  for  ages,  but  it  was  a  monstrous 
nnaption — unheard  of  in  geological  circles — to  talk  of  birds  as  a 
;  of  the  Triaesic  fauna  \  Such  an  announcement  could  not  fail  to 
l?e  unanimous  disapproval  \  and,  if  premature,  if  published  with- 
careful  investigation,  it  might  prove  to  be  an  egregious  blunder, 
id  haunt  the  unfortunate  author  through  his  lifetime. 
The  scientific  investigation  of  the  subject  having  been  thus  ur- 
itly  placed  in  Prof,  Hitchcock's  bauds  by  those  immediately  and 
botely  interested,  he  spent  the  summer  of  1835  in  studying  the 
Ineters  derived  from  the  progression  of  animals,  whether  birds  or 
intpedjB,  Visits  were  made  to  all  the  sandHtone-quarries  in  the 
bnecticai  Valley,  to  menageries,  museum s,  and  libraries,  thus  in- 
Fing  the  inspection  of  all  slabs  exhibiting  similar  impressions,  an  ex- 
ihiition  of  the  feet  of  living  animals,  especially  of  those  most  nearly 
ftd  to  the  new  forms,  and  the  assurance  that  nothing  similar  had 
jjLjfeen  found  in  any  part  of  the  world.  The  result  of  this  pro- 
■b  investigation  indicated  the  truth  of  the  first  surmises — that 
le  impressions  were  actually  made  by  the  feet  of  birds  in  the  Tri- 
b  period,  A  full  account  of  the  discoveries  was  published  in  Profc 
iman's  magazine,  the  American  Journal  of  JSclence  and  Art  for 
iQ&ry,  1830.    DeBcriptions  were  given  of  seven  fipecies  of  avian  im- 
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pressioas,  called  OmithichniteSj  or  bird-tracks  on  stone.  One  of  tbem 
wag  a  foot  of  gigantic  dimensionB,  not  less  than  sixteen  inches  long, 
three  times  larger  than  its  nearest  living  representative.  It  was  do 
wonder  that,  in  these  early  days,  even  the  father  of  the  soience  hesitated 
to  admit  these  monsters  into  his  ichnitic  family,  yet  so  exact  are  t>kn 
laws  of  comparative  anatomy,  and  so  like  the  rows  of  impressio^ 
made  by  living  feet  were  these  giants,  that  a  relationship  to  existiDg 
groups  could  be  no  longer  denied. 

A  few  geologists  accepted  these  doctrines  immediately  after  tb 
promulgation ;  but  most  of  them,  as  well  as  the  community  in 
eral,  doubted  whether  the  preservation  of  foot-marks  were  possib 
and  especially  whether  they  could  have  been  made  by  birds, 
thought  the  resemblance  was  fanciful ;  others  that  they  were  the 
mains  of  peculiar  marine  plants.  The  public  mind,  which  had  no  sci- 
entific appreciation  of  the  subject,  saw  abundant  opportunity  for  ^itr 
ticism,  and  did  not  spare  the  shaft  of  rid  icicle.  The  Amerieaa  As*o* 
ciation  of  Geologists  and  Katuralists  at  length  appointed  a  committ^ 
to  investigate  the  subject,  including  in  the  list  both  the  friciiila  and 
opponents  of  the  new  views.  They  visited  Fro£  Hitchcock  in  due 
time,  explored  the  quarrieSj  examined  his  specimens,  and  became  ccMh 
vinced  unanimously  that  his  views  were  correct.  Their  report  to  1 
Association  states  that  "  the  evidence  entirely  favors  the  viewi  i 
Prof.  Hitchcock^  and  they  regret  that  a  difference  had  existed,  if  I 
did  not  feel  assured  it  would  lead  to  greater  stability  of  op 
This  committee  consisted  of  IL  D.  Rogers,  E.  Emmons^  Lar 
Vanuxem,  Ricliard  C.  Taylor,  and  T,  A.  Conrad. 

The  public  generally  acquiesced  in  the  truth  of  this  report ;  til 
ceased  to  ridicule,  and  began  to  believe  that  a  new  chapter  in 
earth^s  history  had  been  laid  bare  for  perusafl ;  great  popular  iDtcri 
was  excited  in  the  foot-marks,  and  at  the  present  day  everybody  1 
heard  of  the  wonderfiil  tracks  upon  stone  in  the  Connecticut  Kit 
Valley.  The  name  of  their  principal  expounder,  who  first  publis 
an  account  of  them  to  the  world,  and  waged  a  seven  years'  oonM 
with  bis  compeers  and  the  public  on  this  account,  has  become  indeUU 
associated  with  them. 

The  results  of  Prof.  Hitchcock's  researches  have  been  publifhedl 
two  largo  quarto  volumes  entitled  "  The  lehnology  of  New  EngUnf 
Of  other  pubLicationa,  the  "  lehnographs  '*  of  the  Connecticut  Mtt 
stone  ai-e  worthy  of  notice  as  a  monument  to  the  memory  of  1 
James  Deane,  whose  early  interest  in  the  foot-marks  never  Ibg 
and  who  applied  himself  earnestly  to  the  study  of  geology,  so  that  I 
later  writings  have  become  invested  witb  the  authority  of  an  able  i 
accurate  observer. 

Amherst  College  now  possesses  the  unrivalled  collection  of  ich 
ooUected  by  Prof  Hitchcock.     They  occupy  a  room  100  feet  long< 
40  feet  wide,  and  are  more  than  20,000  in  number. 
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The  first  Bcientific  publication  concerning  fossil  foot-marks  is  con- 
Uijied  in  thtj  Transactions  of  the  Royal  Society  of  Edinburgb  in  1828, 
Six  years  later.  Prof.  Kaup  described  tlie  tracks  of  the  Cheirotherium^ 
d  kast  with  hands^  upon  Triassie  sandstones  in  Germany.  The  animal 
must  have  equalled  an  ox  in  size,  with  hind-feet  Bhaped  like  the  human 
\m^  which  were  about  three  times  larger  than  the  front-feet  He  ia 
gimerally  supposed  to  have  been  a  batrachian.  The  earliest  descrip- 
tioaof  the  American  iehnites  appeared  in  1830* 

The  Triassie  formations  on  the  Atlantic  slope  are  disposed  in  long 
ind  narrow  areas.  These  may  correspond  with  the  spaces  occupied  by 
estuaries  before  the  deposition  of  the  strata.  We  may  suppose  that 
tnann  of  the  sea  extended  northerly  from  Long  Island  Sound  to  New 
BAmpshire  along  the  Connecticut  Valley,  possibly  connecting,  beneath 
tie  Sound  and  North  River,  with  a  similar  est  nary  running  southerly 
to  Virginia,  If  we  transpirt  ourselves  in  imagination  to  these  ancient 
fhore^,  we  shall  see  that  the  animals  left  their  hiding-places  and  were 
tiaTersing  the  soft  mud  laid  bare  by  the  ebbing  tide,  in  search  of  food. 
The  heat  of  a  tropical  sun  quickly  hardens  the  mud,  so  that  the  returu- 
hg  tide,  in  bringing  a  fresh  deposit  of  nind,  does  not  wash  away  the 
iBipreasions  already  made  on  the  lower  layer,  but  carefully  covers  them 
OUT.  The  imprints  have,  thereforCj  become  a  species  of  mould  into 
which  another  muddy  fluid  is  poured,  and  by  hardening  is  made  to 

ry  the  foot-mark  like  a  plaster  cast.  Hence,  when  artificially  cleared, 
matter  how  many  ages  subsequently,  the  strata  will  present  to 
view  the  depressed  print  below  and  the  cast  of  the  foot  above,  both  as 
fM-rfect  as  the  respective  fineness  of  the  mud  and  its  degree  of  rapid 
induration  by  the  sun  will  permit.  This  process  of  deposition  may 
lave  been  repeated,  just  as  it  may  now  be  studied,  in  the  Bay  of 
ndy,  till  the  whole  estuary  was  filled  up,  partly  with  fine  rand  and 
ly,  partly  with  beds  of  sand  and  gravel,  all  more  or  less  marked  by 
5  feet  of  animals,  interspersed  with  volcanic  beds  of  lava,  tufa,  and 
Dxnerate,  and  rare  chemical  deposits  of  carbonate  of  lime,  salt, 

psnin. 
be  Ichnozoa^  or  the  animals  who  made  the  tracks  on  stones  in 
Triaisic  times,  may  be  referred  to  several  prominent  divisions  of  the 
aal  kingdom*    The  first,  and  highest  in  the  scalcj  is  a  group  of  five 
B,  remotely  allied  to  marsupials,  which,  from  their  osseous  remains 
i  in  Europe,  we  know  must  have  flourished  in  that  period.     The 
tiaraeteristio  is  a  five-toed  quadruped,  about  the  size  of  a  lion, 
ffoot  is  not  unlike  that  of  a  carnivorous  animal.     The  others  had 
|ua1  feet,  larger  behind  and  smaller  in  front.     The  most  important 
are  those  referred  to   birds,  embracing  thirty-four   species ; 
lly  divided  between  those  related  to  the  ostrich  faniily^thick- 
and  those  with  long,  slender  toes,  like  the  crane  and  heron, 
are  the  impressions  chiefiy  relied  upon  to  prove  the  ornithic 
ct«r  of  any  of  the  Ichnozoa,  as  they  show  distinctly  the  phalangeal 
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joints  of  the  toes,  like  the  tracks  of  the  ostrich,  turkey,  and  our  edi 
moil  domestic  fowls.     The  feet  are  invariably  trifid,  and  the  QttmM 
of  phalanges  corresponds  perfectly  to  that  observed  in  the  toes  of  m 
living  birds,  viz,,  three  iu  the  ioner,  four  in  the  middle,  and  five  in  tl 
outer  toe,  including  the  claws.     The  inner  phalanges  are  united  to  tl 
lower  leg-bone  abreast  of  each  other,  a  little  back  of  the  middle  oh 
and  thus  the  imprint  may  also  show  rounded  impressions  made  by  tfl 
heel,  which  have  been  mistaken  for  phalangeal  markings.     This  thiol 
toed  group  invariably  took  very  long  steps,  corresponding  well  wit^ 
the  ordinary  gait  of  their  living  repres^entatives.     One  of  them,  with  a 
foot  less  than  three  inches  long,  had  a  stride  of  25  inches,  show 
a  general  structure  like  that  of  the  waders.     Moreover,  the  enlil 
width  of  the  track-way  is  scarcely  greater  than  that  of  each  individn 
foot,  indicating  a  very  narrow  body,  stilted  high  upon  long  legs, 
smallest  of  this  group  may  be  compared  with  the  living  snipe; 
largest,  having  a  foot  18  inches  long,  must  have  equalled   in  size  til 
largest  of  the  recently-extinct  birds  of  New  Zealand,  the  Ddno 
giganteiis^  10  feet  htgh.     The  principal  genus  is  the  Brontozoum  (d 
animal  giant) ;  and  of  the  thousands  of  examples  of  those  yet 
humed,  not  one  shows  any  features  in  addition  to  those  describ 
neither  a  fourth  toe,  the  trace  of  a  front-foot,  nor  any  indication  \ 
tail.     Hence,  though  suggeBtions  as  to  their  reptilian  character 
abundant,  we  shall  wait  for  proof  that  some  distinct  reptilian  featH 
18  joined  to  the  ornithic,  before  allowing  that  the  Hrontozoum^ ! 
Ghrailaiofy  were  not  true  birds. 

But  the  next  group  gives  evidences,  neither  seanty  nor  ambiguo 
to  prove  the  existence  of  a  large  number  of  "  ornithic  reptiles,"  or  * 
tilian  birds,"     This  order  is  now  entirely  extinct,  and  was  first  mi 
known  to  the  world  by  E.  Hitchcock's  description  of  the  *^  omithd 
lizards,  or  batrachiaus."     Ho  saw  that  some  of  the  characters  wfl 
ornithic,  and  that  others  were  reptilian,  so  that  he  was  compe 
though  reluctantly,  to  refer  them  to  an  altogether  new  group  of  1 
Since  this  reference,  an  abundance  of  discoveries  has  confirmed 
views;  and  the  name  of  HerpetoitU  has  been  suggested  for  them] 
Pro£  Dana, 

The  general  form  of  the  animal  was  kangaroo^like,  with  enor 
hind-limbs,  a  prominent  tail,  and  small  front  extremities,  which 
rarely  if  ever  brought  to  the  ground  so  as  to  make  an  impression, 
animal  may  often  have  walked  only  upon  the  trifid  hind-feet,  thou 
ntdther  the  front-feet,  the  long  shin-bones,  nor  the  caudal  append 
We  have  seen  such  rows  of  trifid  impressions,  25  or  30  in  niimll 
which  might  hastily  be  referred  to  the  feet  of  birds.     But,  though  I 
general  appearance  is  ornithic,  and  the  number  of  phalans^es  ag 
with  those  of  birds,  the  thirty-tirst  impression  reveals  a  kangaroo-foi 
on  all-fours — two  small  five-toed  feet  in  front,  two  trifid  impr 
of  larger  dimensions  at  the  end  of  a  long  heel-mark  behind,  foUoH 
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i  beart-sliaped  print,  or  a  trail,  that  has  come  from  the  caudal 
^dage.  This  remarkable  quadrupedal  display  is  succeeded  by 
ler  row  of  trifid  impressions  j  just  as  if  the  animal  stopped  to 
on  bis  journey,  and  then  resumed  his  line  of  march. 
Jorely  no  one  can  doubt  the  quadrupedal  character  of  this  Anomce- 
Yet,  it  was  not  till  after  years  of  discussion  and  discoT?ery  had 
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that  his  true  relationship  was  appreciated.     The  firstniiscov- 

rows  were  supposed  to  be  ornithie,  and  it  was  these  quadrupedal 

bres  that  led  Bome  authors  hastily  to  infer  that  all  the  trifid  im- 

feons  wore  reptilian,  or  raarsupiah     The  bipedal  rows  themselves 

two  features  distinguishing  the  most  nearly-allied  forms  from  the 

I :  first,  the  animals  took  very  short  steps ;  and,  secondly,  the 

\  w^idth  of  the  track-way  indicated  a  very  broad  body,  probably 

br,  in  delicacy  of  organization,  to  that  of  birds*     To  these  two 

{able  characters  are  commonly  added  a  caudal  trail,  a  fourth  toe 

II  occasional  front-foot  Impression,  so  that  the  study  of  a  large 

lOf  Bpecimens  will  satisfy  the  most  truthful  observer  that  these 

|1a  were  not  birds.     The  total  number  of  species  of  this  character 

One  of  these  equalled  the  largest  Brontozomn  in  size,  whose 

l*K>t  has  not  yet  been  found,  though  we  have  indications  of  a 

ktee  behind,  and  a  long,  slender  tail. 

Emj  not  be  out  of  place  to  allude  briefly  to  the  discoveries 

■  Imve  confirmed  the  existence  of  the  group  of  ornithic  reptiles. 

Irst  link  in  the  series  was  furnished  by  the  discovery  of  the  nearly- 

ctc  skeleton  of  a  bird  related  to  the  raven  in  the  lithographio 

of  the  Jurassic  series  of  Bavaria,  called  the  Archeopteri/^x.     A 

r  belonging  to  this  genus  was  found  in  1861,  and  described  with 

minuteness  by  Hermann  von  Meyer.     Shortly  afterward,  An- 

Wagner  described  the  nearly-complete  skeleton  of  an  animal,  to 

ftitaclied  feathers  like  the  one  made  known  by  Von  Meyer. 

tlie  animal  a  flying  reptile.     Prof.  Owen,  of  the  British 

made  a  very  thorough  examination  of  tbe  same  specimen, 
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and  perceived  that  the  feathers  corresponded  with  that  named  by  Von 
Meyer.  It  seems  to  differ  in  only  two  particulars  from  ordinary  birds: 
first,  there  are  two  fore-fiiigers,  like  houks,  projecting  from  the  wing«; 
and,  secondly,  the  tail  is  shaped  like  that  of  the  squirrel,  with  twentj 
%^ertebnB  ranged  in  a  line,  each  with  a  pair  of  quill-feathers  attaobc-tl 
These  variations  arc  not  sufficiently  great  to  render  it  necessary  tor^ 
move  the  Archeoptert/x  from  the  bird  division,  but  they  iudicate  in 
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what  direction  we  are  to  expect  a  modification  of  the  ornithic  type^i 
it  a]>proat'heB  the  reptile.     And  it  is  in  precisely  these  two  rcfip 
that  the  Triassic  Herpetoids  differ  from  true  birds. 

The  Becond  link  was  furnished  by  the  ptnicture  of  the  feet  and  I 
ichnites  of  the  I^/uanodoii  in  England,     Both  pairs  of  limbs  weret 
minated  by  three-toed  feet,  often  of  great  siise.     Only  two  Imprmdl 
ai^pear,  yet  Prof  Owen  supposes  the  tracks  of  the  fore-feet  were  I 
ways  covered  by  the  hind-feet.     The  largest  of  these  impressions  i 
28  inches  long  and  25  broad,  and  the  stride  sometimes  readies 
inches.     Thirt  was  the  largest  of  all  the  English  terrestrial  herbivo 
reptiles,  and  his   impressions   have  been   extensively  collected 
Hastings. 

Tlie  third  link  was  furnished  by  the  JIadromifrm  of  New  Je 
the  American  representative  of  the  It/ttanodon,  He  appears  to  hive 
had  the  general  form  of  the  kangaroo,  enormous  hind-limbs,  tcnni- 
nated  by  trifid  feet ;  a  powerful  tail,  almost  rudimentary  anterior  ex- 
tremities, with  a  «:kull  slightly  ornithic,  the  height  of  the  fitrne 
being  from  12  to  15  feet.  It  is  singtdarly  like  the  Ichnosoa 
litherhim.  In  fact,  if  we  may  follow  the  fashionable  creed  of  the  < 
it  may  be  said  that  the  Kew- Jersey  Hadro^aurus  was  the  Uoeal  i 
Bcendant  of  the  Maseaehusetts  Gigantitherium. 

For  other  links  of  this  series  it  is  only  necessary  to  refer  to  \  _ 
late  publications  of  Cope,  Huxley,  Secly,  Owen,  Marsh,  and  other  dis- 
tinguished paleontologists,  in  which  are  described  nearly  a  ficor«  A 
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oolike  reptiles  floiirighing,  in  the  later  Mesoxoic  timos,  io  all 
a  of  the  globe,  AVI  those  new  forms  present  features  cleaHy 
g  them  from  both  birds  on  the  one  hand,  and  reptiles  on  the 
JO  that  we  are  warranted  in  beliGYing  in  the  existence  of  gen- 
trds  lis  well  as  of  or- 
reptiles   in   ichnlferons 

'mm 

Tria88ic  period  w^spctr 
the  Age  of  Reptiles, 
e  Ichnozoa,  the  mu- 
teem  with  specimens  of 
ones  of  wiriouB  types  of 
bian,  Batrachian,  Croo 
,  and  Lacertiliiin  forms, 
auld,  therefore,  natural- 
leet  that  a  kangaroo- 
r  body  was  not  indica- 
roarsupial  structure,  but 
n  morlification  of  reptib 
the  passage,  if  we  may 
uk,  of  the  Lacertian  to 
Dithic  typ^. 

lenty-one  of  the  Connec- 
bhnites  have  been  re- 
to  the  ordinary  type  of 

Ke  Lacertians — and 
turtles.  Perhaps 
r  of  the  former 
be  increased  at  the 
c  of  the  marsupials 
Irrow'toed  birds.  The 
reptile  foot  is  about 
bes  long,  three  toes  in 
uned  toward  the  line 
^V  It  has,  besides,  a 
mmtb,  or  ^pur,  pointed 
ly.  The  track-ways  of  turtles  show  the  trail  of  the  tail^  in  ad- 
p  m  pair  of  feet  on  both  sides, 

I  group  of  Amphibians,  chiefly  batrachians,  contains  several  of 
Prominent  amone^  them  is  the  Otozoutn^  a  track  discovered 
y  Moody,  the  first  person  in  the  whole  world  who  ex- 
hnite,  bo  far  as  has  been  determined.     The  animal  bad  a 
Dhes  long,  very  broad,  perhaps  wclvfooted,  embracing  not 
square  fuot  of  surtace.     In  shape  it  resembles  the  Cheiro' 
^t  had  three  fingys  instead  of  four,  with  a  thumb.     One 
tbunb  recurved,  and  the  other  shows  it  pointed  direct- 
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ly  forward.  The  front  is  aboat  one-tbird  the  size  of  tbiB  lai 
foot,  and  the  toes  are  arranged  like  those  of  the  front-feet  of  ( 
potoidd.  One  of  the  epecies  seema  to  have  bad  a  long,  Bletu 
This  batrachian  must  have  been  a8  large  as  an  elephant,  and 
in  size  every  other  animal  among  the  Ichnozoa.  Imagine  a; 
large  ai»  an  eluphant,  whether  announcing  the  advent  of  gpi 
piping,  croaking  at  night  in  the  gummer,  or  taking  gigantic  le4 
the  manner  of  his  modern  representatives  I 

A  very  important  character  in  the  feet  of  frogs  is  the  po| 
of  pellets,  or  knobs,  instead  of  claws,  at  the  ends  of  the  toes. 
may  be  observed  in  the  Otozoum^  and  all  the  other  genera 
group.  One  genus  resembles  the  C/mrotherinm  in  form,  bal 
size,  having  a  foot  less  than  an  inch  long.  None  have  the  remi 
long  middle  toes  on  the  hind-foot,  so  characteristic  of  living  fit 

A  small,  li\'ing  salamander  has  the  posterior  feet  poioti 
ward ;  and,  as  he  walks,  the  toes  point  away  from  the  hea< 
track-way,  therefore,  consists  of  two  parallel  rows  of  footprii 
of  each  pointing  forward  and  half  directed  backward.     This  \ 
der  ha.s  its  representative  ichnozoan  in  the  Stenodactyhu^  not 
essentially  in  size  from  it. 

One  of  the  most  interesting  classes  of  batrachian  impi 
called  Batrachoidca,    Tiiey  consist  of  numerous  saucer-shaped 
an  inch  in  diameter,  crowded  together  so  thickly  that  the  ori^ 
outlines  have  become  pentagonal.     Not  nnfrt^quently  these 
arranged  ia  lines  and  squares,  because  parallel  rows  of  rippll 
were  occupied  by  the  animals  in  their  construction,  often  ooveii 
eral  square  yards  of  surface.  * 

Fio.  4, 
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Wliether  arranged  in  ordi-r  or  clustered  helter-skelter,  ill 
pressions  cannot  be  distinguished  from  the  mud  nests  made  eT< 
mer  by  existing  tadpoles.     Hence  it  is  natural  to  Bup^>ose  1 
markings  made  at  the  different  periods  were  produced  by  tl 
agency ;  and,  as  we  know  the  origin  of  the  latter,  we  may 
the  first  came  upon  the  rocks.     The  chief  difficulty  in  the 
ceptiog  this  view  lies  in  the  perfect  resemblance  between  til 
this  doctrine  ia  received,  we  must  believe  in  the  existence  of  t 
in  the  carbon iferons  rocks,  because  they  contain  similar  relicfii. 
in  the  Triassic  are  remarkably  distinct,  making  most  beamifi 
mens  for  the  show-case. 

The  reference  of  the  next  group  to  the  class  of  fishes  nui] 
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prise,  for  it  is  commonly  supposed  that  these  animals  never  leave 
ihe  water  for  the  land*     It  has  been  ascertained  by  natuniliists  that 
tain  varieties  of  tropical  fish  ofton  k^ave  the  water,  and  walk,  or 
ber  hobble,  on  the  shore,  using  their  tins  for  legs.     Thia  they  can  do 
days  together.     They  have  also  been  known  to  elimb  trees  in 
brch  of  auatenancc.     Their  track- way  would  be  peculiar,  consisting 
|ftwo  rows  of  dots  or  round  impressions,  made  by  the  prominent 
>  spine  of  the  fin,  accompanied  by  various  trails  produced  by  the 
rays,  body,  and  taiL     Cue  species  of  the  Ichnozoa  has  made 
!&D  so  much  like  the  markings  of  these  tropical  fish  that  we  must 
the  Siluridm  had  other  representatives  in  the  Triassic  wattTi^. 
other  impression  seems  to  have  been  made  by  an  ordinary  fish 
ing  his  fins  against  the  ridges  between  ripple-marks  in  very  shal- 
water. 
I  With  considerable  hesitation,  thirty*four  species  of  Ichnozoa  may 
efcrred  to  insects.     These  animals  generally  have  six  feet.     If  at- 
on  be  paid  to  the  manner  in  which  the  common  fly  w*alks,  it  will 
that  every  foot  is  brought  to  the  ground,  each  in  a  ditferent 
re,  so  that  every  extremily  makes  a  mark,     A  fly  that  has  been 
in  a  colored  fluid,  and  then  travels  over  a  sheet  of  white 
wQl  leave  impressions  as  distinct  as  those  found  upon  stone, 
\  the  colored  track-ways  must  be  our  guides  to  the  affinities  of  the 
dent  ichnites,  like  the  Copeza, 

Fio.  S. 
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tween  these  ancient  and  modern  impressions  it  is  diflicult  to  find 
ed  differences,  except  of  size.  Each  displays  two  rows  of  im- 
in  groups  of  three,  the  several  clusters  alternating  with  one 
Of  the  three  marks  or  lines  in  each  cluster,  the  inner  is  al- 
right angles  with  the  line  of  march,  the  central  and  outer 
btaricward,  the  latter  the  most. 

ro  may  suppose  that  each  group  of  markings  was  made  by  the 
f^et  oo  each  side  of  the  animal,  the  inner  impressions  by  the 
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front  pair  of  limbs,  and  the  outer  by  the  hindmost.  Such 
would  bo  preserved  only  under  the  most  favorable  circurastancesf 
many  species  the  three  pairs  of  legs  might  be  of  the  game  length, ; 
two  or  more  of  the  feet  might  tread  upon  the  same  spot,  leaving 


Fto.  6. 


a  single  mark.  Or  the  mud  may  have  varied  in  its  capacity  for  fffli 
Lng  the  impressions,  so  that  one  or  more  rows  may  be  wanting.  Sk 
eases  are  common  among  the  Ichtiozoa^  so  that  track-ways  very  c 
similar  to  the  un practised  eye  are  referred  to  the  same  specie?. 

No  attempt  has  been  made  to  refer  several  ichnitic  genera 
several  orders  of  insects.     With  the  small  informatioa  now  i 
respecting  insectean  locomotion,  such  reference  would  be  pren 
It  is  very  obvious  that  the  selection  must  be  made  from  groal 
quentiDg  the  sea-shore  at  low  tide. 

Considering  the  lightness  of  these  inscxte,  or  whatever  an 
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they  may  have  been^  it  is  remarkable  that  any  part  of    " 
sions  should  have  been  preserved.     Only  one  good  local  i  ^ 
known,  upon  a  very  fine-grained  clayey  rock,  whose  liquiditj'  w9{ 
ficient  to  allow  the  marks  to  be  made,  and  vet  so  solid  that  tli 
of  the  sun  evaporated  the  bulk  of  the  water  between  the  ebb 
of  a  single  tide.     This  locality  is  at  the  Lily  Pond,  Turner'* 
near  Greenfield,  MassacbuBcttB, 
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As  might  be  expected,  there  was  a  group  of  Crustaceans^  animnla 
irho  fre<iaent  the  raud  left  at  low  tide.  Their  impressions  have  been 
;  OD  the  rocks  from  the  dawn  of  the  Paleozoic  age  to  the  very  latest 
riod-  The  famous  Pratotichnites  of  Canada  upon  the  Potsdam  sand- 
ftne,  flo  ably  described  by  Logan  and  Owen,  are  generally  thought 
^to  have  been  made  by  gigantic  representatives  of  this  class,  though 
hardly  by  the  Pterogatus  form,  as  suggested  by  Salter  and  Woodward, 
because  the  latter  were  exclusively  swimming  animal?!.  The  Prototichr 
niUi  were  not  represented  in  the  Trias.  Tfie  forms  preserved  at  Am- 
herst are  peculiar,  and  not  to  be  referred  to  any  special  order  of 
Crustacea*  One  was  a  giant  with  a  track-way  27  yards  wide,  and  the 
idea  suggested  by  its  inspection  is  that  of  an  animal  with  small  body 
itilted  high  upon  very  long  legs. 

Other  species  of  Ichnozoa  may  have  been  Annduh^  with  their 
pnuous,  fimbriated  Line  of  march,  worms ^  moUasks^  with  single,  double, 
m  treble  depressed  lines,  and  variona  larval  forms — whether  like  thoj^e 
Itrawling  over  the  surface  or  making  burrows  in  the  mud.  A  square 
whI  of  this  Triassic  surface  will  be  as  thoroughly  carved  by  these 
■teiops  impressions,  produced  by  the  lower  orders  of  animal  life,  as 
Kkinme  surface  of  the  sea-shore  in  temperate  or  tropical  climes  at 
Be  present  day. 

I  Thus  this  brief  review  of  the  dificrent  classes  of  Triassic  lehnozoa 
■lews  a  natnral  assemblage,  such  as  might  be  found  associated  in 
■auitime  districts.  The  huge  birds  associated  with  kangaroo-like 
Bbrms  reminds  us  immediately  of  the  modern  Australian  realm,  with 
Bke  cassowaries  and  the  long  list  of  marsupials.  Indeed,  it  would  not 
pbe  ftrange  if  the  assemblage  of  life  which  first  showed  itself  in  the 
lAmerican  Triassic  estuaries  had  gradually  migrated  eastward  over  re- 
Ifions  now  covered  by  the  Northern  Atlantic,  pushing  farther  and  far- 
Ither  iu  each  geological  era  till  the  ultima  Thuh  of  Australia  is  reached, 
I  tbere  the  modem  representatives  of  the  lehnozoa  were  prevented  from 
rfurther  migration  by  the  termination  of  continental  areas.  Soon  after 
I  ita  occupation,  Anstralia  must  h;ivo  been  separated  from  the  Asiatic 
■Continent  by  a  partial  submergence,  so  that  the  peculiar  fauna  became 
Irtnricted,  and  none  of  the  animals  could  retrace  their  steps  toward 
■the  setting  sun,  even  if  they  rlesired.  It  may  he,  then,  that  historic 
lAuitralia  represents  Trifissic  New  England  in  its  fauual  peculiarities — 
■irrestrial,  but  not  maritime,  since  marine  animals  cannot  so  easily  be 
■Ittricted  in  their  migrations  or  developments. 

I  Besides  footprints,  other  markings  on  the  Connecticut  sandstone 
■ICract  oTiT  attention.  We  observe  the  marks  of  rain-drops,  ripples  of 
m/b  varee,  ghrinkage-cracks,  broken  bubbles  arising  from  marsh-gas, 
kitaria,  rarely  a  shell,  a  possible  echinoderm,  coprolites  of  birds  as 
Irtienntne^l  by  chemical  analysis,  a  few  reptilian  bones,  bark  and  cones 
■  gjmnosperms,  besides  other  curious  marine  and  terrestrial  plants, 
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The  most  interesting  of  these  are  the  rain-drop  impressioDS,  pi 
larly  aa  they  indicate  the  formation  of  the  tracks  of  animab  xk\ 
surface  not  covered  by  water.     Every  rain-drop  will   leave  a 
round  impression.     Tliey  are  preserved  most  perfectly  when  it 
sprinkles.     In  a  heavy  or  long-continued  shower  so  many  impr< 
are  made  that  they  coalesce  and  leave  no  distinct  trace  of  their 
ence.     They  might  he  said  to  resemble  a  chopped  sea.     None  of 
latter  could  be  recognized  upon  the  rock,  even  if  they  existed  \ 
the  sparsely-scattered  impressions  are  abiindantlyf  oftentimes  elej 
preserved. 

Furthermore,  when  rain-drops  are  blown  by  the  wind,  they 
fall  upon  tlie  mud  at  an  acute  angle,  greater  or  less  in  proportion 
the  force  of  the  current.  When  a  small  stream  of  water  is  ma^ 
fall  upon  a  hard,  flat  surface,  it  will  be  deflected,  rising  at  the 
angle,  thus  giving  origin  to  the  philosophical  statement  that  the 
of  incidence  is  equal  to  the  angle  of  reflection.  This  principle  ift' 
partially  exemplifled  by  the  Triassic  phenomena,  as  the  rain^fl 
simply  elongated  in  the  direction  of  the  wind.  But  the^e  fei 
illustrate  the  force  and  direction  of  the  wind  and  the  amount  k 
rainfall,  so  that  we  see  the  weather- cock  and  the  rain-gauge  of 
ancient  times.  We  find  the  fact  impressed  upon  the  strata  in  the; 
locality  of  a  change  in  the  course  of  the  wind,  showers,  and 
witli,  of  course,  intervals  of  sunshiny  weather.  Surely,  theHj 
primitive  times  witnessed  the  same  alternations  of  storm  and  San 
that  prevail  at  present 

The  technical  department  of  the  science  of  Ichnology 
discussion  of  the  characters  derivcfl  from  locomotion  peculi: 
division  of  the  animal  kingdom.  Certain  distinctions  are  very  ob' 
such  as  the  peculiarities  of  bipedal,  quadrupedal,  and  multipedal 
motion.  Bipedal  tracks  are  chiefly  of  man,  birds,  and  occasioni 
the  kangaroo-forms.  So  readily  can  these  be  distinguished  that 
tions  are  superfluous.  The  quadrupeds  display  hand-Hke  feet, 
monkeys,  rounded  toes  and  heels  like  the  dog,  hoofs  either  single 
cloven,  and  long,  slender  toes,  few  or  numerous.  Others,  lik^ 
turtle  and  lizards,  would  show  two  rows  of  impressions,  with  %\\ 
long  steps,  and  an  occasional  caudal  mark.  The  lower  forms  i 
would  display  a  great  variety  of  trails,  loops,  and  hops ;  raided 
rows  in  the  mud,  or  vertical  holes,  and  others  of  endless  diveraitj? 
is  unnecessary  to  specify  further  the  various  locomotive  charactej 
which  the  diflferent  groups  may  be  recognized.  That  such  exist 
be  considered  as  proved — some  of  them  of  very  precise  applid 
Kot  less  than  thirty  different  locomotive  characters  are  made  use 
the  description  of  the  New  England  iclmitic  fauna.  Further  in^ 
gations  must  add  to  their  number  and  definiteness,  and  conseqn 
to  the  value  of  ichnological  studies. 

Cuvier  has  finely  described  the  definiteness  and  certainty 
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which  we  can  infer  the  character  of  an  animal  from  its  track,  though, 
when  he  wrote,  fossil  foot-marks  were  unknown.  "  Any  one,"  says  he, 
**who  observes  merely  the  print  of  a  cloven  hoof,  may  conclude  that  it 
has  been  left  by  a  ruminant  animal,  and  regard  the  conclusion  as 
equally  certain  with  any  other  in  physics  or  morals.  Conaeqnently, 
thifi  single  footmark  clearly  indicates  to  the  observer  the  forms  of  the 
teeth,  of  all  the  leg-bones,  thighs,  shoulders,  and  of  the  trunk  of  the 
body  of  the  animal  which  left  the  mark.  It  is  much  surer  than  all  the 
marks  of  Zadig.*' 

The  contemplation  of  fossil  foot-marks  may  suggest  important  moral 

lessons.     To  leave  their  names  inscribed  on  tlie  worUra  history  is  a 

ttniyersal  desire   of  mankind.      To   accomplish   this   object,  various 

methods  have  been  devised ;  comfort,  health,  life,  and  even  moral 

■arinciple,  have  been  sacrificed,  and  yet  the  actor  has  been  unable  to 

Bvawl  Into  the  remotest  comer  of  history.     There  have  been  conqtaer- 

ors  bathing  their  limbs  in  the  bh>od  of  the  slain ;  kings,  who  have 

Lgrected  towers,  pyramids,  and  cities;   authors,  who   have  composed 

^Bftborate  and  learned  treatises ;  gigantic  intellects,  who  have  moulded 

^Be  characters  of  nations — and  yet  no  traces  of  their  individual  names 

^W  memories  remain  to  posterity.     All  of  these  may  have  spurned  the 

reptiles  crawling  beneath  their  feet  \  yet  the  lower  orders  of  animal 

life — such  as  flourished  hundreds  of  thousands  of  years  since,  before 

the  surface  of  the  earth  was  fitted  for  the  residence  of  man^ — have  left 

memorials  of  their  passage  enduring  and  indelible. 

Those  who  would  benefit  their  fellow-men  need  not  despair.    Those 

le«»  tribes  had  only  dead  matter  to  work  upon,  and  the  touch  of 

(hammer  may  ruthlessly  destroy  what  has  endured  for  ages,  and  it 

1  never  be  repaired.     But  man  can  influence  the  living  mind,  im- 

ting  lessons  that  will  outlast,  in  their  influence,  both  time  and  fate, 

hen  let  all  our  actions  be  upright,  and  we  shall  thus — 

"  depmrting,  leare  behiDd  u6 

Footprinta  on  the  sanda  of  time." 


THE  JfATlTEE  AND  rNTLUENCE  OF  FOODS/ 

bt  bdwahb  smith,  m,  d.,  f.  e.  s. 

►EFORE  proceeding  to  consider  the  numerous  foods  which  will 

come  under  review  in  the  course  of  this  work,  it  seems  desirable 

I  offer  a  few  remarks  of  a  general  character  on  their  nature  and  quali- 

^  and  the  necessity  for  them. 

As  a  general  definition,  it  may  be  stated  that  a  food  is  a  substance 

•  fnm  Uie  introdactorj  chapter  of  ilie  Intemtttional  Scientific  Scries,  No.  IIL,  *'  On 
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which,  when  introduced  into  the  body,  supplifs  material  which  iwH 
gome  structure  or  maintains  some  vital  process  ;  and  it  is  distingnufira 
from  a  medicine  in  that  the  latter  modifies  some  vital  action,  bat  does 
not  supply  the  material  which  sustains  such  action. 

This  is  certainly  correct  so  far  as  relates  to  the  substances  which 
supply  nearly  all  our  nourishment,  and  which  the  Germans  class  under 
the  term  NahrungsinUtd^  but  there  are  certain  so-called  foods  knoini 
as  Genvssmittd^  which  seem  to  form  a  connecting  link,  in  that  they  in* 
crease  vital  actions  in  a  degree  tar  beyond  the  amount  of  nntriUTe 
material  which  they  supply.  They  thus  resemble  certain  medicine*  in 
tlieir  action,  but,  as  they  supply  a  proportion  of  nutritive  material^ 
they  should  be  ranked  as  foods. 

It  is  essential  to  tlie  idea  of  a  food  that  it  should  support  or  in- 
creaso  vital  actions  ;  while  medicines  usually  lessen,  but  may  increnfe, 
some  of  them. 

It  is  not  necessary  that  a  food  should  yield  every  kind  of  material 
which  the  body  requires,  for  then  one  might  suffice  for  the  wants  of 
man,  but  that  it  fulfils  one  or  more  of  such  requirements,  so  that  hyi 
combination  of  foods  the  whole  wants  of  the  body  may  be  supplied 
Neither  is  it  essential  that  every  food  should  be  decomposed  or  broken 
up,  and  its  elements  caused  to  enter  into  new  combinations  when  form- 
ing or  maintaining  t!ic  structures  of  the  body,  since  there  are  some 
which  in  their  nature  are  identical  with  parts  of  the  body,  and,  bciag 
introduced,  may  be  incorporated  with  little  or  no  change. 

But  there  are  foods  which  are  more  valuable  to  the  body  than 
others,  in  that  they  supply  a  greater  number  of  the  substances  which 
it  requii'eSj  and  such  are  known  as  compound  foods,  while  others, 
which  supply  but  one  element,  or  which  are  incorporated  without 
change,  may  be  termed  simple  foods.  Other  foods  arc  more  valuabk 
because  they  are  more  readily  changed  into  the  substance  of  the  body, 
or  act  more  readily  and  quickly  in  sustaining  vital  actions,  and  these 
may  be  called  easily-digested  or  easily-assimilated  foods.  Others  are 
preferred  because  they  supply  a  greater  quantity  of  useful  nutrinin«t 
at  a  less  proportionate  cost,  and  are  known  as  economical  foods ;  mi 
foods  varying  in  flavor  are  clasBed  as  more  or  less  agreeable  fooda. 

Some  foods  are  classed  according  to  the  source  whence  they  are  ^^^ 
rived,  as  animal  and  vegetable  foods ;  and  others  according  to  the 
density  of  their  substance,  as  fluid  and  solid  foods. 

Tliere  are  foods  which  nourish  one  part  of  the  body  only,  au^ 
others  which  sustain  one  chief  vital  action,  and  are  called  flesh-form- 
ing or  heat-formiTrg  foods,  while  others  combine  both  qualities. 

Besides  these  larger  divisions,  there  are  qualities  in  foods  wbi^^ 
permit  of  further  classification,  such  as  those  which  render  them  par- 
ticularly fit  for  diflerent  ages,  climates,  and  seasons,  and  others  which 
possess  a  special  character,  as  sweetness,  acidity,  or  bittemesa. 

There  are  also  eflTects  produced  by  foods  apart  from  or  in  addition 
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I  la  those  of  nutritjon,  which  are  not  common  to  all;  so  that  some 
feods  more  than  others  induence  the  action  of  the  heart,  lungs,  skin, 
brain,  bowels,  or  otJier  vital  organ,  while  others  have  atitagoQiatic 
qualities,  go  that  one  may  destroy  certain  effects  of  anotlier. 
Foods  are  derived  from  all  the  great  divisions  of  Nature  and  nat- 
ural products,  as  earth,  water,  and  air,  solids,  liquids,  and  gases ;  and 
!rom  snbstances  which  are  living  and  orgauie,  or  inanimate  and  inor- 
ganic The  popular  notion  of  food  as  a  solid  anh stance  derived  from 
animals  and  vegetables,  while  comprehensive,  is  too  exclnsive,  since 
the  water  which  we  drink,  the  air  which  we  breathe,  and  certain  vain* 
mk  found  in  the  substanoe  of  the  earth,  are  of  no  less  importance 
as  foods* 

It  is,  however,  of  great  interest  to  note  how  frequently  all  these 
are  combined  in  one  food,  and  how  closely  united  are  substances  which 

»ieem  to  be  widely  separated.  Thus  water  and  minerals  are  found  in 
Wh  fle^h  and  vegetables,  while  one  or  both  of  the  component  parts 
of  the  air,  viz.,  oxygen  and  nitrogen,  are  distributed  through  every 
Idud  of  food.  Hence,  not  only  may  we  add  food  to  food  to  supply  the 
waats  of  tl*e  body,  but  we  may  within  certain  limits  Kubstitute  one  for 

I  another  as  our  appetites  or  wants  demand.  The  necessity  for  this  in 
the  economy  of  Nature  is  evident,  for,  although  a  good  Providence 
haa  given  to  man  an  almost  infinite  number  of  foods,  all  are  not  found 
rrerjrwhere,  neither  can  any  man  obtain  all  foods  found  around  liim. 
Further,  there  seems  to  be  an  Indissoluble  bond  existing  between 
all  the  sources  of  food.  There  are  the  same  classes  of  elements  in 
flc«h  as  in  flour ^  and  the  same  in  animals  as  in  vegetables.  The  vege- 
table draws  water  and  minerals  from  the  soil,  while  it  absorbs  and  in- 
ecrporates  the  air  in  its  own  growth,  and  is  then  eaten  to  sustain  the 
life  of  animals,  so  that  animals  gain  the  substances  which  the  vege- 
table first  acquired.  But,  in  completing  the  circle,  the  vegetable  re* 
ceives  from  the  animal  the  air  which  was  thrown  out  in  respirntion, 
aod  lives  and  grows  upon  it,  and  at  length  the  animal  itself,  in  whole 
or  in  part,  and  the  refuse  which  it  daily  throws  off,  become  the  food 
of  the  vegetable.  Even  the  very  bones  of  an  animal  are  by  the  aid 
of  Xttiure  or  man  made  to  increase  the,  growth  of  vegetables,  and 
really  to  enter  into  their  structure;  and,  being  again  eaten,  animals 
may  be  said  to  eat  their  own  bones  and  live  on  their  own  fiesb.  Hence 
there  is  not  only  an  unbroken  circle  in  the  production  of  food  from 
different  sources,  but  even  the  same  food  may  be  shown  to  be  pro- 
idooed  from  itself  Snrely  this  is  an  illustration  of  the  fable  of  the 
Ijoung  pha?nix  arising  from  the  ashes  of  its  parent  1 

Food  is  required  by  the  body  for  two  chief  purposes,  vi^,  to  gen- 
ate  heat  and  to  produce  and  maintain  the  structures  under  the  in* 
BOO  of  life  and  exertion.     The  importance  of  the  latter  is  the  more 
llppareDt^  since  wasting   of  the  body  is  familiarly  associated  with 
4eeay  of  life;  but  the  former  is  so  much  the  more  nrgent,  that,  whereas 
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the  body  may  waste  for  a  lengthened  period  and  yet  live,  it  rapidly 
dies  wheti  the  source  of  heat  is  removed  or  even  greatly  lessened,    ^m 

The  production  of  heat  in  the  body,  bo  wonderful  in  the  proci^l 
and  amount,  resalts  only  from  the  chemical  combination  of  the  ele- 
ments of  food,  whether  on  the  minute  scale  of  the  atoms  of  the  several 
tissues,  or  on  the  larger  one  connected  with  respiration,  and  is  thence 
called  the  combustion  of  food.     As  familiar  illustrations  of  the  pro- 
duction of  heat  from  chemical  change,  we  may  mention  that,  when 
cold  oil  of  vitriol  and  cold  water  are  added  together,  the  mixture  be- 
comes so  hot  that  the  hand  cannot  bear  it,  and  the  heating  of  hay- 
stacks, and  also  of  barky  in  the  process  of  malting,  is  well  knowm 
This  action  in  the  body  is  not  restricted  to  changes  in  one  element 
alone,  but  proceeds  with  all ;  yet  it  is  chiefly  due  to  a  combination  of 
three  elements,  viz.,  oxygen,  hydrogen,  and  carbon,  and  requires  for 
its  support  fat,  starch,  or  i*iigar,  or  other  digestible  food  composed  of 
those  substances,  precisely  as  coal  and  wood  supply  fuel  for  lire  witi 
out  the  body. 

This  effect  is  made  extremely  striking,  by  Prof,  FranUand,  in 
following  table,  which  shows  the  amount  of  heat  genera  led  from  i 
small  a  quantity  as  ten  grains  of  certain  foods  during  their  complete 
combustion  within  the  body,  and  the  force  which  scientiBc  calculatioi 
have  shown  to  be  equivalent  to  that  amount  of  heat.     The  orig 
quantity  used  by  Prof.  Frankland  has  been  reduced  byDr,  Lethebyta 
ten  grains,  for  the  convenience  of  English  readers: 


No.  L 

• 

FOOD. 

wuck  li  «9«tti  to 

kUlL 

10  grains  of  dry  flpsh.  *. .,..«.,.*.. 

18.12 

12.85 

8.61 

10.06 

18,68 

S0.9t 

10,128 

9,920 

6,647 

7,766 

14,421 

16,142 

**            **         atbuitti^n  .»«*..k.t**tit»«*« 

**            **        lumD-etiirar.* .  - 

"            *•        mrow-root. 

«            "        butt«r 

•*            "        bccf.fat , 

Thus  we  prove  that  an  ounce  of  fresh  lean  meat,  if  entirely  bn 
in  the  body,  would  produce  heat  sufficient  to  raise  about  70  lbs.  < 
water  I  °  Fahr,,  or  a  gallon  of  water  about  7°  Fahr.     In  like  ma 
one  ounce  of  fresh  bulter  would  produce  ten  times  that  amount  < 
heat ;  but  it  must  be  added  that,  as  the  combustion  which  is  effe( 
within  the  body  is  not  always  complete,  the  actual  effect  is  less  thi 
that  now  indicated* 

It  may  thus  be  shown  that  the  division  of  foods  into  the  two  j 
classes  of  flesh-formers  and  heat-generators  is  not  to  be  taken  too  I 
cisively,  for  while  a  food  is  renewing  flesh  it  also  produces  heat,  \ 
while  the  heat-generating  food  is  acting  it  may  aleo  produce  a  p»rt< 
flesh  in  the  form  of  fat ;  but,  although  they  are  so  closely  i 
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their  yital  work,  the  leading  cbaracteristlc  of  each  kind  is  so 
miu^ked  fts  to  warrant  the  classification  which  Liebig  has  formulated. 

It  is  understood  that  the  structures  of  the  body  are  iu  a  state  of 
cou^oal  change,  so  that  atODis  which  are  present  at  mm  hour  may  be 
gone  the  next,  and,  when  gone,  the  structures  will  be  so  far  wasted, 
unless  the  process  of  waste  be  accompanied  by  renewal.  But  the  re- 
newing substance  must  be  of  the  same  nature  as  that  wasted,  so  that 
hone  ehall  be  renewed  by  bone  and  flesh  by  fleeh  ;  and  hence,  while 
Ibe  body  is  always  ehanging,  it  is  always  the  same.  This  is  the  duty 
assigned  to  food — to  supply  to  each  part  of  tlie  body  the  very  same 
Mnd  of  material  that  is  lost  by  waste. 

As  foods  must  have  the  same  composition  as  the  body,  or  supply 
tucb  other  materials  as  by  vital  action  may  be  transformed  into  the 
substances  of  the  body,  it  is  desirable  to  gain  a  general  idea  of  what 
the^e  substances  are. 

The  following  is  a  summary  statement  of  the  principal  materials 
of  which  the  body  is  composed ; 

Flesh  in  its  fresh  state  contains  water,  fat,  fibrine,  albumen,  and 
gelatine,  besides  compounds  of  lime,  phosphorus,  soda,  potash,  magne- 
ill,  silica,  and  iron,  and  certain  extractives. 

Blood  has  a  composition  similar  in  elements  to  that  of  flesh. 
Bone  IS  composed  of  cartilage,  gelatine,  fat,  and  salts  of  lime,  mag- 
ania,  0od&,  and  potash,  combined  with  phosphoric  and  other  aeide. 

Cartilage  consists  of  choudrine,  which  is  like  gelatine  in  composition, 
^lli  salts*  of  soda,  potash,  lime,  phosphorus,  magnesia,  sulphur,  and  iron. 
The  brain  is  composed  of  water,  albumen,  fat,  phosphoric  acid,  os- 
Mttome^  and  salts. 

The  liver  consists  of  water,  fat,  and  albumen,  with  phosphoric  and 
other  acids  in  conjunction  with  sodii,  lime,  potash,  and  iron. 

The  lungs  are  formed  of  a  substance  resembling  gelatine,  albumen, 
I  labstanee  analogous  to  caaeine,  fibriue,  various  fatty  and  organic 
i«ida,  oholeaterine,  with  salts  of  soda,  and  iron  and  water. 

Bile  consists  of  water,  fat,  resin,  sugar,  fatty  and  organic  acids, 
tbolesterine,  and  salts  of  potash,  soda,  and  iron* 

Hence  it  is  requisite  that  the  body  should  be  provided  with  salts 
<>f  potash,  soda,  lime,  magnesia,  snlphur,  iron,  and  manganese,  as  :well 
*l  sulphuric,  hydrochloric,  phospboric,  and  fluoric  acids  and  water  ;  also 
Nearly  all  the  fat  which  it  consumes  daily,  and  probably  all  the  nitro- 
(toous  substances  which  it  requires,  and  which  are  closely  allied  in 
oompositioD,  as  albumen,  flbrine,  gelatine,  and  choudrine.  It  can  pro- 
dace  sugar  rapidly  and  largely,  and  fat  slowly  and  sparely,  from  other 
(ubdtaDces ;  also  lactic,  acetic,  and  various  organic  acids,  and  peculiar 
eitfactive  matteiB. 

•So  great  an  array  of  mysterious  substances  might  well  prevent  us 
from  feeding  ourselves  or  others  if  the  selection  of  food  depended 
a>Iely  upon  our  knowledge  and  judgment ;  but  it  is  not  so,  for,  inde- 
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pendeutly  of  tbe  aid  derived  from  our  appetites,  there  is  the  great  ad- 
vantage of  having  foods  which  contain  a  proportion  of  nearly  all  these 
elements  ;  and  combinations  of  foods  have  been  eft*ected  by  experience 
which  protect  even  the  most  ignorant  from  evil  consequencea. 

Thus  flesh,  or  the  muscular  tissue  of  animals,  contains  precisely  t! 
eleraftntB  which  arc  required  in  our  flesl informers,  and,  only  linuted 
quantity,  our  heat-gen  era  to  ra  also ;  and  life  may  be  maintained  fof 
very  lengthened  periods  upon  that  food  and  water  when  eaten  in  large 
quantities.  Seeing,  moreover,  that  the  source  of  flesh  in  animals  whtcb 
are  used  as  food  is  vegetables,  it  follows  that  vegetables  should  have 
the  same  elements  as  flesh,  and  it  is  a  fact  of  great  interest  that  in 
vegetables  we  have  foods  closely  analogous  to  the  flesh  of  anioiak 
Thus,  in  addition  to  water  and  salts,  common  to  both,  there  is  vegetabkj 
jelly,  vegetable  albumen,  vegetable  fibrine,  and  vegetable  caseiue,  M 
having  a  composition  almost  identical  with  animal  albumen,  gelatiofl 
cbondrine,  and  easeine,  ^ 

Hence  our  appetites  and  the  bountiful  provision  made  for  vs  <fi' 
tend  our  choice  to  both  the  vegetable  and  animal  kingdoms,  and  it  ii 
possible  to  find  vegetable  foods  on  wliich  man  could,  live  as  long  M 
upon  animal  food  alone.     Bread  is  in  vegetable  foods  that  which  f^esU 
is  in  animal  foods,  and  each  within  itself  contains  nearly  all  the  el9a 
menta  required  for  nutrition.  J 

When,  however,  we  bring  knowledge  of  a  special  kind  to  the  aiu 
of  our  appetites,  we  are  able  to  dit^covcr  both  the  deticiencies  in  niijfl 
gi%'eo  food  and  the  kind  of  food  which  wotild  meet  them,  Tlma  d 
knowledge  of  the  requirements  of  the  system  and  of  the  availabid 
uses  of  food  leads  to  the  proper  combinations  of  food,  or  to  the  con*l 
struction  of  dietaries.  I 

We  have  thus  placed  face  to  face  the  requirements  of  the  body  aodl 
the  qualities  of  the  foods  to  be  used  to  supply  them,  but  it  is  of  vcffl 
common  observation  that  the  effect  of  the  supply  is  but  tem]>orarf  J 
and  needs  renewal  at  deiioite  periods.  Hence  we  show  that  theaewB 
of  the  body  are  tolerably  uniform,  while  the  eflect  of  the  supply  !•■ 
temporary,  or  that  both  the  need  and  the  supply  are  intermittent* ■ 
This  may  be  readily  represented  by  showing  the  line  of  change  iijtli«l 
degree  of  vital  action  on  the  body  during  the  twenty*four  hours,  as  f'*^  1 
duced  by  my  own  investigations,  and  delineated  in  the  graphic  di*-l 
grama  of  the  present  work.  I 

It  is  there  illustrated  that,  during  the  repose  of  the  night,  ^  I 
amount  of  vital  action,  as  shown  by  the  respiration  and  pulsation, ul 
low  and  tolerably  uniform,  while  under  the  influence  of  food  it  is  kigKfl 
and  varies  during  the  day  extremely,  but  the  general  course  is  snehj 
that  a  large  increase  takes  place  after  a  meal,  and  a  considerable  ^M 
crease  before  the  following  meal  This  increase,  followed  by  decrefti^ 
being  due  to  the  action  of  food,  proves  that  the  influence  is  tempoMfl 
and  that  after  a  sufficient  interval  another  supply  of  food  is  req^^H 
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the  same  time  it  ma&t  bo  allowed  that  the  body  is  not  ODtirely  a 
pmre  agent  subject  to  the  cont rolling  action  of  food,  for  no  supply 
cotild  prevent  the  vital  actions  subsiding  at  night,  or  make  them  equal 
h^by  night  and  day. 

There  is  a  power  inherent  in  the  body  which  accepts  or  rejects  food 
to  amount,  as  well  as  to  qiialityj  and  which  might  at  length  act 
ugh  the  appetite,  and  refuse  the  kind  supplied.  Moreover,  the 
its  of  the  body  vary  from  many  other  well-known  influences,  and 
se  an  increase  or  decrease  in  the  vital  actions  which  proceeds  pari 
with  the  consumption  of  the  transformed  or  stored^up  food  in  a 
Jegree  proportionate  to  the  cause,  but  such  efiects  are  often  more  rapid 

r^  transitory  than  that  of  food. 
The  varialiong  in  tlje  requirement  for  food  are  induced  by  age, 
climate,  season,  and  degree  of  exertion,  and  will   be  more  fully  dis- 
pssed  in  the  work  on  Dietaries ;  but  it  may  now  be  desirable  to  give 
Rknce  at  some  of  them« 

In  reference  to  age,  there  can  be  no  doubt  that  all  vital  processes, 
including  the  action  of  foods,  are  greater  and  more  rapid  in  early,  and 
lew  and  flower  in  later,  than  in  mature  life,  and  iu  both  the  former  a 
niore  fi^quent  administration  of  food  is  necessary.  In  early  life,  more- 
over, there  is  the  important  function  of  growth,  which  demands  a  large 
tad  more  frequent  supply  of  food,  not  only  for  dally  wants,  but  to 
promote  a  due  increase  in  the  bulk  of  the  Btrnctiires  of  tbe  body,  I 
have  also  shown  that  the  season  of  the  year  has  also  a  decided  intiu- 
toee  oFer  the  vital  actions,  so  that  they  are  the  greatest  in  the  spring 
and  tbe  least  at  the  end  of  summer. 

The  action  of  climate  is  similar  to  that  of  season,  and  shows  that 
tke  vital  actions  are  greater  in  cold  than  in  hot  climates,  and  in  the 
ids  than  in  close  valleys, 

be  influence  of  exertion  over  vital  changes  is  immediate  and  pro- 
ate,  while  the  subsidence  with  the  rest  is  less  rapid  than  tbe  in- 
The  following  table  of  experiments  upon  myself  shows  the 
ionate  effect  of  exertion  of  varying  degrees  on  the  basis  of  the 
volume  of  air  inspired ; 


No.  ft. 

Ttte  Ijliig  po«tare hemg  1 

Tilt  sUtiiig  pofittire 

Biiiflig  ftloud  or  sioglDg    . 

Tlic  BUoding  posture  ,        .        •        •        . 

Etilriif  Iravellmg  in  the  Ut  class       ,.,,.. 
"  "  **      2d  class    .,,.,. 


upon  the  engine,  at  30  to  80  mil  en  per  hoar 

"         »*  60  to  flO    *'  " 

\n  the  8d  cIam        .        .        .        .        , 
apon  tbe  engine^  avcrftge  of  &11  apeeda 
"         «       'at  40  to  50  mJlca  per  hour 
"  »•  80  to  40    "  •* 


L18 

1.83 

L40 

1.5 

1.52 

1.65 

l.GB 

IM 

1.61 

1.64 


448 


THE  POPULAR  SCIENCE  MO^^TSL^. 


Wftlking  in  the  tea 

**        on  knd  At  1  mile  per  hour 
Riding  on  borseback  at  the  walking  pace    . 

Walking  at  2  miles  per  hour 

Riding  on  horsebaok  at  the  cantering  pace 
Walking  at  8  niiles  per  hour    ....        * 

Riding  modemtelj 

BcaccndiDg  steps  at  640  jarda  perpendicular  per  hour 
Walking  at  S  miles  per  hour  and  carrying  M  lbs, 

•*  "  "  *•  62  Iba.    , 

Riding  on  horaebaok  at  the  trotting  pace    . 
Swimming  at  good  upced         ,        .       , , 
Ascending  Bteps  at  640  jarda  perpendicular  per  hour 
Walking  at  8  miles  per  hour  and  carrjing  1)8  Iba* 

"  A  milee  per  hour 

The  tread-whed,  aacending  46  steps  per  minute 
Running  at  6  milea  per  hour 


is    \M 


Anotbcr  table,  from  tlie  same  series  of  experiments,  illuetrates  th 
same  efiect  on  the  bagie  of  tlie  amount  of  oarbonio  acid  evolyed 
respiration  per  minute : 

No.  1 
In  prof(}und  sleep,  Ijing  poature     ••••»•      4*5    gnios. 

In  light  sleep,  **  4.M      ** 

Scarcely  awake,  If  a,  M.         .        .        .        .        ,        ,        .6*7        ** 

"  «*         2|    •* 6.94 

**  "        6J    ** «.l 

Walking  at  S  miles  per  hour        ......         18.1 

8    "  "  . 26.88 

Tread -wheeli  ascending  28 J  5  feet  per  minute      *        .        «        4M8 

Tims  it  is  possible  that  the  amount  of  %ital  change  pfoce 
the  body  may  be  ten  times  greater  in  one  state  than  in  another,' 
follows  that  a  proportionate  qnantity  of  food  will  be  required  to  sitf' 
tain  it. 


LUNAR  TEMPEEATURES, 


POETS  have  eo  long  anng  of  the  cold,  chaste  Moon,  pallid  1 
weariness  of  her  long  watch  upon  the  Earth  (according  to  * 
image  need  alike  by  Wordsworth  and  Shelley),  that  it  seems  strange  to 
learn  from  science  that  the  full  moon  is  bo  intensely  hot  that  no  cwtt- 
iiro  known  to  ns  could  long  endure  contact  with  her  heated  surfao 
Such  is  the  latest  news  which  science  has  brought  ns  respecting 
satellite.  The  news  is  not  altogether  unexpected  ;  in  fact,  reasotjii 
had  shown,  long  before  the  fact  had  been  demonstrated,  that  it  ma 
be  so.  The  astronomer  knows  that  the  surface  of  the  moon  is  ci 
during  the  long  lunar  day,  lasting  a  fortnight  of  onr  terrestrial  til 
to  the  rays  of  a  sun  as  powerful  as  that  which  gives  ns  oar  daily  lieit^ 
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atiDOsphere  to  temper  the  ean's  heat  aa  ours  doea — ^not, 

pediug  the  passage  of  the  solar  rays,  but  by  bearing 
id-Teil  which  the  sun  raises  from  our  oceans — the  moon^s 
become  intensely  hot  long  before  the  middle  of  the  lunar 
iibtedly  the  want  of  an  atmosphere  causes  the  moon's  heat 
radiated  away  into  space*  It  is  our  atmosphere  which 
dy  heat  to  prevail  on  our  earth.  And  at  the  summits  of 
Btains,  where  the  atmosphere  is  rare,  although  the  mid-day 
tense,  yet  so  rapidly  does  the  heat  pass  away  that  snow 
Net  the  mountain-heights*  Yet,  although  the  moon's  heat 
iway  even  more  rapidly,  this  does  not  prevent  the  heating 
I's  actual  surface,  any  more  than  the  rarity  of  the  air  pre- 
pine  traveller  from  feeling  the  action  of  the  sun'«  direct 
^hen  the  air  in  shadow  is  icily  cold.  Accordingly,  Sir  John 
ig  since  pointed  out  that  the  moon's  surface  must  be  heated 
l-day— or  rather,  at  the  time  of  lunar  mid-heat,  correspond- 
two  o'clock  in  our  afternoon — to  a  degree  probably  sur- 
heat  of  boiling  water, 

point  of  fact,  has  now  been  proved  to  be  the  case.  The 
le  has  shown,  by  experiments  which  need  not  here  be  de- 
t  the  moon  not  only  reflects  heat  to  the  earth  (which,  of 
be  the  case),  but  that  she  gives  out  heat  by  which  she 
prself  warmed*  The  distinction  may  not  perhaps  appear 
sight  to  every  reader,  but  it  may  easily  be  explained  and 
If,  on  a  bright  summer's  day,  we  take  a  piece  of  smooth, 
well  polished,  metal,  and  by  means  of  it  reflect  the  sun's 
'the  face,  a  sensation  of  heat  will  be  experienced-  this  is 
hheiit :  but  if  we  wait  while  so  holding  the  metal  until  the 
Dome  quite  hot  under  the  solar  rays,  we  shall  recognize  a 
heat  from  the  mere  proximity  of  the  plate  to  the  face, 
(he  plate  is  so  held  as  not  to  reflect  eun-heat.  We  can  in 
y — first,  reflected  heat  alone,  before  the  metal  has  grown 
the  heat  which  the  metal  gives  out  of  itself  when  warmed 
I  rays ;  and,  lastly,  the  two  kinds  of  heat  together,  when 
caused  to  reflect  sun-heat,  and  also  (being  held  near  the 
»  out  a  sensible  quantity  of  its  own  warmth.  What  Lord 
one  has  been  to  show  that  the  full  moon  sends  earthward 
if  beat ;  she  reflects  solar  heat  just  as  she  reflects  solar 
te  also  gives  out  the  heat  by  which  her  own  surface  has 

id 

irhaps  occur  to  the  reader  to  inquire  how  much  heat  we 
in  from  the  full  moon.  There  is  a  simple  way  of  viewing 
If  the  full  moon  were  exactly  as  hot  as  boiling  water,  we 
we  from  her  just  as  much  heat  (leaving  the  efl'ect  of  our 
oat  of  account)  as  we  should  receive  from  a  small  globe 
Sling  water,  and  at  such  a  distance  as  to  /ooA:  just  as  large 
01.  HI.— 29 
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as  the  moon  does.  Or  a  disk  of  metal  would  een^e  equally  well  Now, 
the  experimeDt  may  be  easily  tried.  A  broiizo  halfpeony  is  exactly 
one  inch  in  diamct-er,  and  as  the  moon's  average  distance  is  about  lU 
times  her  own  diameter,  a  halfpenny  at  a  distance  of  111  incheg^or 
three  yards  and  three  inches,  looks  just  as  large  as  the  moon.  Ni 
let  a  halfpenny  be  put  in  hailing  water  for  a  while,  fio  that  it  beei 
as  hot  aa  the  water ;  then  that  coin  taken  quickly  and  set  three 
from  the  observer  will  give  out,  for  the  few  moments  that  its  heal 
mains  appreciably  that  of  boiling  water,  as  much  heat  to  the  oT 
as  he  receives  from  the  full  moon  supposed  to  be  as  hot  as  boil 
water.  Or  a  globe  of  thin  metal,  one  inch  in  diameter  and  foil  of 
water  at  boiling-heat^  would  serve  as  a  more  constant  artificial  nioon 
in  respect  of  heat-supply.  It  need  not  he  thought  remarkable^  tl 
if  the  heat  given  out  by  the  full  moon  is  not  eaeily  measured,  or 
recognized.  Imagine  how  little  the  cold  of  a  winter's  day  would 
relieved  by  the  presence,  in  a  room  no  otherwise  warmed,  of  a 
inch  globe  of  boiling  water,  three  yards  away  1  And,  by-the-way, 
are  here  reminded  of  an  estimate  by  Prof  C.  B.  Smyth,  resulting  f« 
observations  made  ou  the  moon's  heat  during  his  Teneriffe  experimei 
He  found  the  heat  equal  to  that  emitted  by  the  hand  at  a  distanoi 
three  feet. 

But,  after  all,  the  most  interesting  results  flowing  from  the 
researches  are  those  which  relate  to  the  moon  herself.     We  cannot 
speculate  on  the  condition  of  a  world  so  strangely  circumstanced 
a  cold  more  bitter  than  that  of  our  arctic  nights  alternates  witl 
heat  exceeding  that  of  boiling  water.     It  is  strange  to  think  that 
cftlinlooking   moon   is   exposed   to   such   extraordinary   vicissitu* 
There  can  scarcely  be  life  in  any  part  of  the  moon — ^unless  it  be 
derground  life,  like  that  of  the  Modoc  Indians  (we  commend  this 
specially  to  the  more  ardent  advocates  of  Brewsterian  ideas  re«i 
ing  other  worlds  than  ours).     And  yet  there  mu^^t  be  a  singi 
active  mechanical  process  at  work  in  yon«Ier  orb.     The  moon*« 
stance  must  expand  and  contract  marvellously  as  the  alternate 
of  heat  and  cold  pass  over  it.     The  material  of  that  cratei 
surface  must  be  positively  crnmbling  away  under  the  effects  of 
expansions  and  contractions.     The  most  plastic  terrestrial  sub^i 
could  not  long  endure  such  processej?,  and  it  seems  altogether  null 
that  any  part  of  the  moon's  cnist  is  at  all  plastic.      Can  we  w< 
if,  from  time  to  time,  astronomers  tell  us  of  apparent  chanj 
moon — a  wall  sinking  here,  or  a  crater  vanishing  elsewhere 
wonder  rather  is,  that  the  steep  and  lofty  lunar  mountains  hato 
^een  shaken  long  since  to  their  very  fbundations. 

Our  moon  presents,  in  fact,  a  strange  problem  for  oar  invi 
tion.     It  is  gratifying  to  us  terrestrials  to  regard  her  as  a  mere  sat 
lite  of  the  earth,  but  in  reality  she  deserves  rather  to  be  rcganlcd 
companion  planet.     Slie  follows  a  path  round  the  sun  which  i^  net 
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Ie«  that  pursued  by  the  earth,  in  shape  as  well  as  in  ertent, 
the  two  paths  were  traced  down  on  a  quarto  sheet,  it  would 
I  be  easy  to  distiDguish  one  from  the  other.  Our  earth  is  simply 
I  largest,  while  the  mooo  is  the  smallest  of  that  inner  family  of 
irlds  over  which  tlie  sun  bears  special  sway,  uor  does  Mercury  ex- 
Bd  the  raoon  to  so  great  a  degree  in  mass  and  in  volume  as  the 
tth  or  Venus  exceeds  Mercury.  Yet  the  moon,  with  her  surface  of 
,000,000  square  miles,  seems  to  be  beyond  a  doubt  a  mere  desert 
8te,  without  air  or  water,  exposed  to  alternations  of  heat  and  cold 
Ich  no  living  creature  we  are  acquainted  with  could  endure ;  and 
withstanding  her  position  as  an  important  member  of  the  solar 
Item,  as  well  as  the  undoubted  fact  tliat  in  her  motions  she  obeys 
Bun  in  preference  to  the  earth,  she  has  nevertheless  been  so  far 
treed  by  the  earth's  influence  as  to  be  compelled  to  turn  always  the 
le  face  toward  her  larger  companion  orb,  60  that  not  a  ray  from 
earth  ever  falls  upon  fully  5,000,000  square  miles  of  the  farther 
lemisphere,  A  waste  of  matter  here,  we  might  say,  and  a  waste 
the  energy  which  is  represented  by  the  moon's  motions,  did  we 
remember  that  we  can  see  but  a  little  way  into  the  plan  of  Crea- 
L,  and  that  what  appears  to  ns  waste  may  in  reality  be  an  essential 
important  part  of  the  great  scheme  of  Kature, — Spectator, 
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Bt  Pbof.  T-  H.  HUXLEY,  LL.  D.,  F.  B.  8. 

^N  the  21flt  of  December,  1672,  H.  M  S.  Challenger,  an  eighteen- 
gun  corvette,  of  2,000  tons  burden,  sailed  from  Portsmouth  har- 
for  a  three,  or  perhaps  four,  years'  cruise.  No  man-of  war  ever 
that  famous  port  before  with  so  singular  an  equipment.  Two  of 
eighteen  sixty-eight  pounders  of  the  Challenger's  annament  re- 
to  enable  her  to  speak  with  effect  to  sea-rovers,  haply  devoid 
Inspect  for  science,  in  the  remote  seas  for  which  she  is  bound ; 
main-deck  was,  for  the  most  part,  stripped  of  its  warlike  gear, 
ed  up  with  physical,  chemical,  and  biological  laboratories ; 
iphy  had  its  dark  cabin ;  while  apparatus  for  dredging, 
',  and  sounding  j  for  photometers  and  for  thermometers,  filled 
•pAce  formerly  occupied  by  guns  and  gun-tackle,  pistols  and  out- 


erew  of  the  Challenger  match  her  fittings.  Captain  Nareii, 
I  o4fie4^ra  and  men,  are  ready  to  look  after  the  interests  of  hydrog- 
by,  work  the  ship,  and,  if  need  be,  fight  her  as  seamen  should ; 
He  there  is  a  staff  of  scientific  civilians,  under  the  general  direction 
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of  Dr.  Wyville  Thomson,  F.  R  S.  {Professor  of  Natural  Hifitorjri 
Edioburgh  University  by  rigbts,  but  at  present  detached  for  dutj*] 
paHibu»)^  whose  business  it  is  to  turn  all  the  wonderfully-packed  stoj 
of  appliaDces  to  account,  and  to  accumulate,  before  the  ship  rettq 
to  Englaad,  such  additions  to  natural  knowledge  as  shall  justify! 
labor  and  cost  involved  in  the  fitting  out  and  maintenance  of  thej 
peditioQ.  j 

Under  the  able  and  zealous  superintendence  of  the  bydrograpk 
Admiral  Richards,  every  precaution  which  experience  and  foretboiij 
could  devise  has  been  taken  to  provide  the  expedition  with  the  l 
terial  conditions  of  success ;  and  it  would  seem  as  if  nothing  short 
wreck  or  pestilence,  both  moat  improbable  contingencies,  oould  pre- 
vent the  Challenger  from  doing  splendid  work,  and  opening  up  s  d*w 
era  in  the  history  of  scientitic  voyages. 

The  dispatch  of  this  expedition  is  the  ealmination  of  a  sent 
such  enterprises,  gradually  increasing  in  magnitude  and  import: 
which  the  Admiralty,  greatly  to  its  credit,  has  carried  ont  fnr  tome 
years  past ;  and  the  history  of  which  is  given  by  Dr.  Wyville  Tboiu* 
son  in  the  beautifully-illustrated  volume  entitled  **  The  Depths  of 
Sea,'*  pobiished  since  his  depart  tire  : 

"In  the  spring  of  the  year  1868,  my  friend  Dr.  W.  B,  Carp«ater«  il 
time  one  of  the  vice-presidenta  of  the  Royal  Society^  was  with  me  in  Ii 
where  we  were  working  out  together  tlie  structure  and  dev^lopmeal  cC 
Crinoids.     I  had  long  previoosly  liad  a  profound  couTiction  that  the 
promise  for  the  naturalist,  the  only  remaining  region  where  there  wen* 
novelties  of  extraordinary  interest  ready  to  tlie  hand  which  had  the  mi 
gathering  them,  was  the  bottom  of  the  deep  sea.     I  had  even  had  a 
some  of  these  treaiiures,  for  I  had  seen,  the  year  before,  with  Prof.  Swil 
forms  which  I  have  already  mentioned,  dredged  by  bis  son  at  a  depth  of 
400  fathoms  off  the  LofToden  Islands.    I  propounded  my  views  to  my 
laborer,  and  we  discussed  the  subject  many  times  over  our  micro*co] 
strongly  urged  Dr.  Carpenter  to  use  his  influence  at  headqaarter§  to  indo* 
Admiralty,  probably  through  the  Council  of  the  Royal  Society,  to  gir*  i 
use  of  a  vessel  properly  fitted  with  a  dredging-gear  and  all  nt:ce**sfirr  ^\\ 
apparatuSt  that  many  heavy  questions  as  to  the  state  of  things  in  < 
the  ocean,  which  were  sHll  in  a  state  of  uncertain ty,  might  bt*  * 
tied.    After  full  consideration.  Dr.  Carpenter  promised  hts  hearty  ooiV] 
and  we  agreed  that  I  should  write  to  bun  on  his  return  to  LoDdon* 
generally  the  results  which  I  anticipated,  and  skett^hing  out  what  I 
to  he  a  promising  line  of  inquiry.     The  Council  of  the  Boyal  Societj  w\ 
supported  the  proposal ;  and  1  give  here  in  chronological  order  the  ehort 
eminently  satisfactory  correspondence  which  led  to  the  A«^ 
the  disposal  of  Dr.  Carpenter  and  myself  the  gunboat  Li;j  Am 

command  of  Staff- Commander  May,  R.  N.,  in  the  summer  of  \.%t\^  tur  a 
oraise  to  the  north  of  Scotland,  and  afterward  to  the  much  wider  surri 
H.  M.  S.  Porcupine,  Captain  Oalvor,  R.  N.,  which  were  made  with  tlit 
tional  association  of  Mr.  Gwyn  Jeffreys,  in  the  summers  of  the  yaart  II 
1870/' ' 

'  *'  The  Depths  of  the  Sea,*'  pp.  49,  50. 
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m  men  may  be  puzzled  to  underatand  why  Dn  Wyville  Thorn* 
being  a  cynic,  t^hoiild  relegate  tlie  "  Land  of  Promise  "  to  the 
ibttom  of  the  deep  sea  ;  they  may  still  more  wonder  what  manner  of 
f  milk  and  honey  "  the  Challenger  expects  to  find  ;  and  their  perplex- 
rmay  well  rise  to  its  maximum,  when  they  seek  to  divioe  the  man- 
*  in  which  that  milk  and  honey  are  to  be  got  out  of  so  inaccessible 
i  Canaan.     I  will,  therefore,  endeavor  to  give  some  answer  to  these 
stions  in  an  order  the  reverse  of  that  in  which  I  have  stated  them. 
Apart  from  hooka,  and  lines,  and  ordinary  nets,  fishermen  have, 
oa  time  immemorial,  made  use  of  two  kinds  of  implements  for  get- 
at  sea-creatnres  which  live   beyond  tide-marks — these  are  the 
Idredge'*  and  the  "  trawl''     The  dredge  is  nsed  by  oyeter-fishermen. 
;ine  a  large  bag,  the  month  of  which  has  the  shape  of  an  efon- 
|lted  parallelogram,  and  is  foetened  to  an  iron  frame  uf  the  same 
ape:,  the  two  long  sides  of  this  rim  being  fashioned  into  scrapers. 
bains  attach  the  ends  of  the  frame  to  a  stout  rope,  so  that  when  the 
I  k  dragged  along  by  the  rope,  the  edge  of  one  of  the  scrapers  rests 
tiie  ground,  and  scrapes  whatever  it  touches  into  the  bag*     The 
iter-dredger  takes  one  of  these  machines  in  his  boat,  and  when  he 
I  reached  the  oyster-bed  the  dredge  is  tossed  overboard  ;  as  soon  as 
\  sunk  to  the  bottom,  the  rope  is  paid  out  sufficiently  to  prevent 
om  pulling  the  dredge  directly  upward,  and  is  then  made  fast 
the  boat  goes  ahead.     The  dredge  is  thus  dragged  along  and 
apes  oysters  and  other  sea-animals  and  plants,  stones,  and  mud  into 
!  bag.     When  the  dredger  judges  it  to  be  fuU  he  hauls  it  up,  picka 
the  oysters,  throws  the  rest  overboard,  and  begins  again. 
Dredging  in  shallow  water,  say  ten  to  twenty  fathoms,  is  an  easy 
oration  enough  ;  but  the  deeper  the  dredger  goes,  the  heavier  must 
klut  vetael,  and  the  stouter  his  tackle,  while  the  operation  of  hatiUog 
es  more  and  more  laborious.     Dredging  in  150  fathoms  is 
'  hard  work,  if  it  has  to  be  carried  on  by  manual  labor ;  bnt  by 
we  of  the  donkey-engine  to  supply  power,*  and  of  the  contrivances 
m  as  "  accumulators,"  to  diminish  tlie  risk  of  snapping  the  dredge- 
by  the  rolling  and  pitching  of  the  vessel,  the  dredge  has  been 
^rked  deeper  and  deeper,  until  at  last,  on  the  '22d  of  July,  1869, 
(  9.  Porcupine  being  in  the  Bay  of  Biscay,  Captain  Calver,  her 
luder,  performed  the  unprecedented  feat  of  dredging  in  2,4S5 
ams,  or  14,610  feet,  a  depth  nearly  equal  to  the  height  of  Mont 
The  dredge  **  was  rapidly  hauled  on  deck  at  one  o'clock  in 
I  morning  of  the  23d,  after  an  absence  of  7^  hours,  and  a  journey  of 


'  flM  ctDiOtlooai  fide  af  the  fl«ienlifio  otture  hoj  ita  giiigiilArlties.  Maiij  persons  will 
\  lo  miad  t  oertAin  phUoaopber's  tendemcsB  over  hift  wntch^'^  the  liiile  creature  "^ 
I  ea  litigqUrij  lo§t  and  f&uod  *gim.     Bui  Dr.  WjYille  Thaiu^ou  aurptMei  the 

■  of  the  walch  in  hu  lorin^-kiiidiieas  toward  id  doukt^'y-vugitK:.  '*  This  Uttle  engizu) 
i  th«  ccHnfon  of  our  Uvee,     Ooco  Of  twice  it  was  OTerBtraiDed,  and  thea  we  pitied  the 

\  Htlte  Itlaf,  p^atljig  like  an  orertaied  borae:'^ 
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upward  of  eight  statute  miles/*  with  a  liuud  red-weight  and  a  half  ofl 
solid  Gotiteuts,  m 

The  trawl  u  a  sort  of  Bet  for  catohing  those  fish  which  habitualM 
live  at  the  bottom  of  the  sea^  suoh  as  soles,  plaice,  turbot,  and  gumedil 
Tbe  mouth  of  the  net  may  be  thirty  or  Ibrty  feet  wide,  and  one  edgf 
of  its  mouth  is  fastened  to  a  beam  of  wood  of  the  same  length.    Tbe 
two  ends  of  tbe  beam  arc  supported  by  curved  pieces  of  iron,  which 
raise  the  beam  and  the  edge  of  the  net  which  is  fastened  to  it,  for  i^ 
short  distanee,  while  the  other  edge  of  the  mouth  of  the  net  trails  up 
the  gronnd.     The  closed  end  of  the  net  has  the  form  of  a  great  pood 
and,  as  the  beam  is  dragged  along,  the  lish,  roused  from  the  boti 
by  the  sweeping  of  the  net,  readily  pasa  into  its  mouth  and  acca 
late  in  the  pouch  at  its  end.     After  drifting  with  the  tide  for  six  \ 
seven  hours  the  trawl  is  hauled  up,  the  marketable  fij^h  are  pick 
out,  the  others  thrown  away,  and  the  trawl  sent  overboard  for  another 
operation* 

More  than  a  thousand  sail  of  well-found  trawlers  are  cons 
engaged  In  sweeping  the  seas  around  our  coast  in  this  way,  and  H  i 
to  them  that  we  owe  a  very  large  proportion  of  our  supply  of  tish. 
The  difficulty  of  trawling,  like  that  of  dredging,  rapidly  increases  wiA 
the  depth  at  which  the  operation  is  perfonned ;  and,  until  the  oil 
day,  it  is  probable  that  trawling  at  so  great  a  depth  as  100  fatho; 
was  something  unheard  of.  Bnt  the  first  news  from  the  Challeog 
opens  up  new  possibilities  for  the  trawl 

Dr,  Wyville  Thomson  writes  {Nature^  March  20,  1873) : 

"  For  the  first  two  or  three  haula  in  verj  deep  water  off  the  coast  of  Poi 
ugal,  the  drc'dge  came  up  filled  with  the  usual  *  Atlantic  ooze/  tenacioui  i 
nniform  throughout^  and  the  work  of  hour^  in  sifting,  gave  tbe  very  \ 
posi^ible  result    We  were  extremely  anxious  to  get  some  idea  of  th« 
character  ot  the  Fauna,  and  particular! j  of  the  distribution  of  tbe 
groups ;  and,  after  various  suggestious  for  modification  of  the  dredg 
proposed  to  try  the  ordinary  trawL    "^e  had  a  compact  trawl,  with  i 
beam,  on  bD«ird,  and  we  seat  it  down  off  Gape  St,  Vincent  at  a  depth  of  4 
fathoms.    The  experiment  looked  bazardouSf  but,  to  our  great  satisfm 
trawl  came  up  all  right,  and  contained,  with  many  of  the  larger  inrg 
several  fishes.  .  .  .  After  the  first  attempt  we  tried  the  trawl  Beverml 
depths  of  1,090,  1,525,  and,  finally,  2,125  fathoms,  and  always  with  sucotfi^'* 

To  the  coral-fishers  of  the  Mediterranean,  who  seek  the  prwiofll 
red  coral,  which  grows  firmly  fixed  to  rocks  at  a  deptli  of  aixlji 
eighty  fathoms,  both  the  dredge  and  the  trawl  would  be  uadfl 
They,  therefore,  have  recourse  to  a  sort  of  frame,  to  which  are  fiww 
long  bundles  of  loosely-netted  hempen  cord,  and  which  is  h^wt^reJ  1 
a  rope  to  the  depth  at  which  the  hempen  cords  can  swet*p  over  llw. 
surface  of  the  rocks  and  break  off  the  coral,  which  is  brought  up  < 
tangled  in  the  cords*     A  similar  contrivance  has  arisen  out  of  \ 
necessities  of  deep*sea  exploration. 
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the  course  of  the  dredging  of  the  Porcupinej  it  was  frequently 

that,  wliile  few  objects  of  interest  were  brought  up  within  the 

many  living  creatures  came  up  sticking  to  the  outside  of  the 

•bag,  and  even  to  the  first  few  fathoms  of  the  dredge-rope. 

nth  of  the  dredge  doubtless  rapidly  filled  with  mud,  and  thus 

things  it  should  have  brought  up  were  shnt  out.     To  remedy  this 

ftonvenieQce  Captain  Calver  devised  an  arrangement  not  unlike  that 

ployed  by  the  coral^fishers.     He  fastened  half  a  dozen  Bwabs,  such 

are  used  for  drying  decks,  to  the  dredge.     A  swab  is  something  like 

a  birch'broom  would  be  if  its  twigs  were  made  of  long,  coarse 

npen  yarns.     These  dragged  along  after  the  dredge  over  the  surface 

the  mnd,  and  entangled  the  creatures  living  there — multitudes  of 

lich,  twisted  up  in  the  straods  of  the  swabs,  were  brought  to  the  sur- 

\  with  the  dredge.     A  further  improvement  was  made  by  attach- 

a  long  iron  bar  to  the  bottom  of  the  dredge-bag,  and  fastening 

Ige  bunches  of  teased-out  hemp  to  the  end  of  this  bar.     Thetie 

inglee  '*  brought  up  immense  quantities  of  such  animals  as  have 

ig  arms,  or  spines,  or  prominences  which  readily  become  caught  in 

\  hemp,  but  they  are  very  destructive  to  the  fragile  organisms  which 

Biy  imprison  ;  and,  now  that  the  trawl  can  be  succeaafully  worked  at 

(he  greatest  depths,  it  may  be  expected  to  supersede  them  ;  at  least, 

Tever  the  ground  is  soft  enough  to  permit  of  trawling. 

is  obvious  that  between  the  dredge,  the  trawl,  and  the  tangles, 

is  little  chance  for  any  organism,  except  such  as  are  able  to 

row  rapidly,  to  remain  safely  at  the  bottom  of  any  part  of  the  sea 

Ich  the  Challenger  undertakes  to  explore.     And,  for  the  first  time 

history  of  scientific  exploration,  we  have  a  fair  chance  of  leam- 

what  the  population  of  the  depths  of  the  sea  is  like  in  the  most 

ily-different  parts  of  the  world. 

And  now  arises  the  next  question.     The  means  of  exploration  be- 

;  iairly  adequate,  what  forms  of  life  may  be  looked  for  at  these  vast 

bs? 

tematic  study  of  the  Distribution  of  living  beings  is  the 
rn  branch  of  Biological  Science,  and  came  into  existence 
after  Morphology  and  Physiology  had  attained  a  considerable 
elopment.     This  naturally  does  not  imply  that,  from  the  time  men 
;an  to  observe  natural  plienoraena,  they  were  ignorant  of  the  f\ict 
%  the  animals  and  plants  of  one  part  of  the  world  are  different  from 
le  in  other  regions ;  or  that  those  of  the  hills  are  difPjrcnt  from 
le  of  the  plains  in  the  same  region;  or^  finally,  that  some  marine 
tares  are  found  only  in  the  shallows,  while  others  inhabit  the 
Mk     Nevertheless,  it  was  only  after  the  discovery  of  America  that 
attention  of  naturalists  was  powerfully  drawn  to  the  wonderful 
tiuMW  between  the  animal  population  of  the  centra!  and  southern 
of  the  New  World  and  that  of  those  parts  of  the  Old  World  which 
der  the  same  parallels  of  latitude.     So  tar  back  as  1607  Abraham 
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MjljQg,  Id  hk  treatige  "  De  Animalium  origine  et  mi^ratione  populo^ 
runi^'^^  argues  that,  Bince  there  are  innumerable  ftpecies  of  animidj  tn 
America  which  do  not  exist  elsewhere,  they  must  have  been  made  and 
placed  there  by  the  Deity:  Bnffon  no  lees  forcibly  insists  upon  the 
difference  between  the  Faunie  of  the  Old  and  New  World.  Bat  the 
first  attempt  to  gather  facts  of  this  order  into  a  whole,  and  to  eodrdh 
nate  them  into  a  series  of  generalizations,  or  laws  of  Geographical 
Distribntion,  is  not  a  centnry  old,  and  is  contained  in  the  '*  Bpedmea 
Zoologiee  Geographicaa  Qimdrupediim  Domicilia  et  >ii^ationes  sis- 
tens,"  published,  in  1777,  by  the  learned  Brunswick  professor,  Ebe^ 
hard  ZLmmermann,  who  illustrates  his  work  by  what  he  calls  a  **Ti* 
bula  Zoographica,"  which  is  the  oldest  distributional  map  known  to  me. 

In  regard  to  mattei^s  of  fact,  Zimmermann's  chief  aim  is  to  ihow 
that,  among  terrestrial  mammals,  some  occur  all  over  the  world,  while" 
others  are  restricted  to  particular  areas  of  greater  or  smaller  e 
and  that  the  abundance  of  species  follows  temperature,  being  gj 
in  warm  and  least  in  cold  climates.  But  marine  animals,  be  thmbi 
obey  no  such  law*  The  Arctic  and  Atlantic  Seas,  he  says,  are  as  foU 
of  fishes  and  other  animals  as  those  of  the  tropics.  It  is,  theref<jre^ 
clear  that  cold  does  not  affect  the  dwellers  in  the  sea  as  it  do**s  Uxd 
animals,  and  that  this  munt  be  the  case  follows  from  the  fact  that  leir 
water,  "propter  varias  quas  continet  bituminis  spirit  usque  particali*," 
freezes  with  much  more  difficulty  than  fresh  water.  On  the  other 
hand,  the  heat  of  the  Equatorial  sun  penetrates  but  a  short  distance 
below  the  surface  of  the  ocean.  Moreover,  according  to  ZimmeriDauOi 
the  incessant  disturbance  of  the  mass  of  the  sea,  by  winds  and  tidfif 
so  mixes  up  the  warm  and  the  cold  that  life  is  evenly  diffused  »d4 
abundant  throughout  the  ocean. 

In  1810,  Kisso,  in  his  work  on  the  Ichthyology  of  Nice,  laid  tU 
foundation  of  what  has  since  been  termed  **  bathymetricaP*  disiriho' 
tion,,  or  distribution  in  depth,  by  showing  that  regions  of  the  Hit 
bottom  of  different  depths  could  be  distinguished  by  the  fishes  wtiA    ' 
inhabit  them.     There  was  the  littoral  region  between  tide-marks  vith 
its  saud-eels,  pip^-fishes,  and  blennies ;  the  $ca-wced  region^  exteiidii^J 
from  low  water-mark  to  a  depth  of  450  feet,  with  its  wrasses,  IftjH 
and  flat-fish  ;  and  the  deep^ea  region^  from  450  feet  to  1,500  feet  Of" 
more,  with  its  tile-fish,  sharks,  gurnards,  cod,  and  sword-fish.  j 

More  than  twenty  years  later,  MM.  Audouin  and  Milne  £dirsr^| 
carried  out  the  principle  of  distinguishing  the  Faunte  of  different  ioa^l 
of  depth  much  more  minutely,  in  their  "Reeherches  pour  serrirH 
I'Histoire  Naturelle  du  Littoral  de  la  France,'*  published  in  1832»     S 

They  divide  the  area  included  between  high-wat<^r  mark  and  lo^| 
water  mark  of  spring  tides  (which  is  very  extensive,  on  accotmt  ^| 
the  great  rise  and  fall  of  the  tide  on  the  Normandy  coast  aboul  flH 
Malo,  where  the  observations  were  made)  into  four  zones,  eaeb  ^Wfl 
aetemed  by  its  peculiar  invertebrate  inhabitants*    Beyond  the  foo^| 
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Hon  they  distinguiah  a  fifth,  which  is  never  uncovered,  and  is  io- 
Ibited  hj  oysters,  scallops,  [lud  large  star^shes  and  other  aniniEbU. 
l^yoiid  tlus  they  seem  to  think  that  animal  life  is  absent* 

Audoiiin  and  Milne  Edwards  were  the  first  to  see  the  importance 
the  bearing  of  a  knowledge  of  the  manner  in  which  marine  ani- 
ild  are  distributed  in  depth,  on  geology.  They  Buggest  that,  by  this 
[|9,  it  will  be  possible  to  judge  whether  a  fossdiftrous  stratum 
formed  upon  the  shore  of  an  aociunt  sea,  and  even  to  determine 
lether  it  was  deposited  in  ehallower  or  deeper  water  on  that  shore  ; 
association  of  shells  or  aniraals  which  live  in  ditTerent  zones  of 
^th  will  |>rove  that  the  shells  have  been  tnint!ported  into  the  j»osi- 
tt  in  which  they  are  found ;  while,  on  the  other  hand,  the  absence 
shells  in  a  deposit  will  not  justily  the  conclusion  that  the  waters  in 
hicb  it  was  formed  were  devoid  of  auiraal  inhabitants,  inasmuch  as 
iy  might  have  been  only  too  deep  fur  habitation. 
The  new  line  of  investigation  thus  opened  by  the  French  natural- 
I  was  followed  up  by  the  Norwegian,  Sars,  in  1835,  by  Edward 
ifbee,  in  our  own  country,  in  1840,'  and  by  CErsted,  in  Denmark,  a 
^  J6ara  later.  The  genius  of  Forbee,  combined  with  his  extensive 
owledge  of  botany,  invertebrate  zoology,  and  geology,  enabled  him 
do  more  than  any  of  his  compeers  in  bringing  the  importance  of 
itribulion  in  depth  Into  notice;  and  his  researches  in  the  ^^Egean 
I,  and  still  more  his  remarkable  paper  "On  the  Geological  Rela- 
nsof  the  Existing  Fauna  and  Flora  of  the  British  Isles,"  published 
•1846,  in  the  first  volume  of  the  "Memoirs  of  the  Geological  Sui*vey 
Gi^at  Britain,"  attracted  universal  attention. 

On  the  coasts  of  the  British  Islands,  Forbes  distinguishes  four 
or  regions,  the  Littoral  (between  tide-marks),  the  Laminarian 
Itween  low- water  mark  and  15  fathoms),  the  Coralline  (from  15  to  50 
Ikoms),  and  the  Deep  sea  or  Coral  region  (from  50  fathoms  to  beyond 
fathoms).  But,  in  the  deeper  waters  of  the  ^Egeau  Sea,  between 
shore  and  a  depth  of  300  fathoms,  Forbes  was  able  to  make  out 

>  **£iijIq  plus  bM  encore,  c*est4-dire  alora  loin  d«s  odte«,  le  fond  des  eaux  ne  pAratt 
6tre  habit^^  du  dmiIus  daas  iioa  mcra,  par  aucun  de  ccti  animaux"  (i  o.,  tome  i,  p. 

ILe  "ces  anlmaux**  Icares  the  meaning  of  tlie  auihors  doubt^i 
In  tlie  ptper  In  the  "Memoiro  of  the  Survey  '^  cited  fiu'ther  on,  Forboa  writes : 
la  an  easajt  *0q  the  AisooijUloa  of  Moltusca  on  the  Britiab  Coasts,  considered  iritb 
Boee  to  Plebtocene  Qeolof^,*  printed  in  the  Edinh%ir^h  Ac^dmnic  Amnud  for  1840,  I 
ilked  the  moUuAoa,  ua  distributed  on  our  gboroa  and  de^s,  in  four  great  zones  or  re- 
^  usoallj  denominated  *  The  Littoral  Zone/  '  The  region  oi  Laminarise,'  '  The  region 
ibnUhies,'  and  ^  The  regii>D  of  Cor&ia/    An  exten.^iTe  seriee  of  researches,  chieSj 
hj  the  members  of  the  committM  appointed  hj  the  firitlab  Association  to  in- 
■BJilie  mftrine  geology  of  Britain  by  means  of  the  di^edge,  have  not  in  validated  this 
^HloB,  snd  the  reeearcheg  of  Prof.  Lov6n,  in  the  Xorw^egian  and  Lapland  Seas, 
^^^  OttI  their  oorreetac3J>     The  fir^t  two  of  the  rvgione  above  mentioned  had 
^lllcNialy  noticed  by  Lamouroux,  in  his  account  of  the  dlatrihution  (vertically)  of 
^eeda,  bj  Audoaio  and  !ililne  Kdwarda  in  their  '  ObsorTations  on  the  Natural  Hialory 
iCtett  of  Fraii«:«|'  and  by  Siu«  in  the  prefaoe  to  his  * BeskriTelsor  og  Jagtln^'fU  -r/ ** 
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no  fewer  than  eight  zones  of  life,  id  the  course  of  wliieb  the  numtiar 
and  variety  of  forms  gradually  diminished  ;  until,  beyond  300  fatfaomt, 
life  disappeared  altogther.  Hunce  it  appeared  as  if  descent  in  the* 
had  much  the  same  effect  on  life  as  ascent  on  land.  Recent  iiiTe^ 
tious  appear  to  ahow  that  Forbes  was  right  enough  in  his  claasiticatj 
of  the  tacts  of  distribution  in  depth  as  they  are  to  be  observed  m  i 
-^gean ;  and  though^  at  the  it  me  he  wrote,  one  or  two  observatioM 
were  extant  which  might  have  warned  him  not  to  generalize  too  ex- 
tensively from  his  jEgean  experience,  bis  own  dredging- work  wts  ao 
much  more  extensive  and  systematic  than  that  of  any  other  naturalist, 
that  it  is  not  wonderful  he  should  Lave  felt  justified  in  building  upon 
it,  Novertheltiss,  so  far  as  the  limit  of  the  range  of  life  in  depth  goe«, 
Forbes's  conclusion  has  been  complutely  negatived,  and  the  ga'Stcsl 
depths  yet  attained  show  not  even  an  approach  to  a  *'  aero  of  life :  ** 

^^  Daring  the  several  cruisea  of  H,  M*  ships  Lightning  and  Porcupine  )Q  tU 
years  1868,  1869,  and  1870,"  says  Dn  Wyville  Thomson,  '*  fifty-seven  hinli  of 
the  dredge  were  taken  in  the  Atlantto  at  depths  beyond  500  fathoms^  jmd  rfi* 
teen  at  depths  beyond  1^000  fathoms,  and,  in  all  cases^  life  was  abondant  b 
1869  we  took  two  oasis  in  depths  greater  than  2,000  fathoms.  In  Ujih  of  theM 
life  was  abundant;  and  with  the  deepeat  cast^  2^435  fathoms,  o£r  the  inaiBtlitf 
the  Bay  of  BiBcay^  we  took  living,  well-marked^  and  characteriitic  exantt'!^?  of 
all  the  five  invertebrate  sub-kingdoms.  And  thus  the  question  of  XX^^^  t 
of  abundant  animal  life  at  the  bottom  of  the  sea  has  been  finally  settled  «*.-  .  - 
all  depths,  for  there  is  no  reason  to  suppose  that  the  deptli  anywhere  eioM^I 
between  three  and  four  thousand  fathoras ;  and,  if  there  be  nothing  in  tb«  «*• 
ditions  of  a  depth  of  2,500  fathoms  to  prevent  the  full  developm^rnt  of  a  nri«3 
Fauna,  it  is  impossible  to  suppose  that  even  on  additional  thooaaDd  fotliooi 
would  m^e  any  great  difierence."  ' 

As  Dr.  Wyvilk  Thomson *fl  recent  letter,  cited  above,  ahow^tb  | 
ti66  of  the  trawl,  at  great  depths,  has  brought  to  light  a  aliU  grrattf  J 
diversity  of  life*     Fishes  came  up  from  a  depth  of  600  to  mon»  ^^Sll 
1,000  fathoms,  all  "in  a  peculiar  condition  from  the  expansiion  of  ^H 
air  contained  in  their  bodies.     On  this  relief  from  the  ex '  ^fl 

ure,  their  eyes,  especially,  had  a  singular  appearance,  prol.  v......^  .iM 

great  globes  from  their  heads.'*  Bivalve  and  univalve  molluscs  M!i|^| 
to  be  rare  at  the  greatest  depths  ;  but  starfishes,  sea-arch  ins,  and  ot^^| 
echinoderms,  zoophytes,  sponges,  and  protossoa,  abound.  ^| 

It  is  obvious  that  the  Challenger  has  the  privilege  of  opening  il^H 
chapter  in  the  history  of  the  living  world*  She  cannot  send  dowal^| 
dredges  and  her  trawls  into  these  virgin  depths  of  the  great  oc^| 

1  «'  The  Depths  of  the  Sea,"  p.  SO.  ReaulU  of  a  similar  kind,  obtoioiKl  by  pi«i^| 
ohaerverv,  are  stated  at  leogtb  in  the  sixth  chapter,  pp.  267-380.  Tlie  ilrwlgii^  flj^^H 
oat  by  Count  Pourtales,  under  the  ftutboHty  of  Prof.  Peiroe,  the  SapecteteiiMtll^^| 
United  Staten  Coan^t  Sur^^ej,  in  the  years  1667,  ld68,  ftnd  18l»9,  Aitr  paiitoniMlr  <^| 
worthy,  o^d  it  la  probably  Dot  too  much  to  aay,  in  the  words  of  Pro£  Agaasis,  **yii^H 
owe  to  the  coast  survey  the  first  broad  nud  ootnpreheiuiiTe  basis  for  la  ezptoiilit^H 
the  sea-bottom  on  a  large  scale,  opeuin^  a  new  era  la  soologlcal  aad  goologjlcal  MBi^l^l 
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witlwtit  bringing  up  a  discovery*     Even  though  the  thing  itself  may 
be  neither  "  rich  oor  rare,'*  the  fact  that  it  came  from  tliut  depthj  iu 
llftt  parlioular  latitude  and  lougitude^  will  be  a  new  fact  in  diatribu- 
%D,  and,  as  such,  have  a  certain  importance. 

But  it  may  be  confidently  assumed  that  the  things  brought  upi^lll 
very  frequently  be  350ological  novelties ;  or,  better  still,  zoological  an- 
tiquities, which  in  the  tranqidl  and  little-changed  depths  of  the  ocean 
iuve  escaped  the  causes  of  destruction  at  work  in  the  shallows,  and 
represent  the  predominant  population  of  a  past  age. 

It  has  been  seen  that  Audouin  and  Milne  Edwards  foresaw  the  gen- 
fell  influence  of  the  study  of  distribution  in  depth  upon  the  interpre- 
Blioa  of  geological  phenomena.  Forbes  connected  the  two  orders  of 
pqoiry  still  more  closely ;  and,  in  the  tho\igbtful  essay  "  On  the  Con- 
Bcction  between  the  Distribution  of  the  Existing  Fauna  and  Flora  of 
tJie  British  Isles,  and  the  Geological  Changes  which  have  affected  their 
Area,  especially  during  the  Epoch  of  the  Northern  Drift,"  to  which 
Mference  has  already  been  made,  he  put  forth  a  most  pregnant  sag- 
Ltion, 

m  In  certain  parts  of  the  sea-bottom  in  the  immediate  vicinity  of  the 
ftitish  Islands,  as  in  the  Clyde  district,  among  the  Hebrides,  in  the 
Horay  Firth,  and  in  the  German  Ocean,  there  are  dei>ressed  are®, 
brming  a  kind  of  submarine  valleys,  the  centres  of  which  are  from 
t  to  100  fathoms,  or  more,  deep.  These  depressions  are  iidiabited  by 
ablages  of  marine  animals,  which  differ  from  those  found  over  the 
&nt  and  shallower  region,  and  resemble  those  which  are  met  with 
ch  farther  north,  on  the  Norwegian  coast.  Forbes  called  these 
adinayian  detachments  "  northern  outliers.*' 
'  How  did  these  isolated  patches  of  a  northern  population  get  into 
deep  places  ?  To  explain  the  mystery,  Forbes  called  to  mind  the 
that,  in  the  epoch  which  immediately  precede<i  the  present,  the 
»te  was  much  colder  (whence  the  name  of  **  glacial  epoch "  ap- 
to  it);  and  that  tbe  shells  which  are  found  fossil,  or  sul> fossil,  in 
that  age  are  precisely  such  as  are  now  to  be  met  with  only 
kt  iidinavian  or  still  more  arctic  regiotiB.     Undoubtedly,  during 

M  glacial  epoch,  the  general  population  of  our  seas  had,  universally, 
ft  northern  aspect  which  is  now  presented  only  by  the  **  northern 
'■liers,^'  just  as  the  vegetation  of  the  land,  down  to  the  sea-level,  had 
Sb  northern  character  which  is,  at  present,  exhibited  only  by  the 
ri|au  which  live  on  the  tops  of  our  mountains.  But,  as  the  glacial 
Bdl  ptJBsed  nway,  and  the  present  climatal  conditions  were  developed, 
H  northern  plants  were  able  to  maintain  themselves  only  on  the 
Mk  hisightJi,  on  which  southern  tbi-ms  could  not  compete  with  them, 
UL  in  like  manner,  Forbes  suggested  that,  after  the  glacial  epoch, 
Vccirtbem  animals  then  inhabiting  the  sea  became  restricted  to  the 
Bm  in  which  they  could  hold  their  own  against  invaders  from  the 
w^  belter  fitted  than  they  to  Eourish  in  the  warmer  waters  of  tho 
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Bballows.     Thus  depth  in  the  sea  corresponded,  id  its  cdVct  apon  dit- 

tribiition,  to  height  oti  the  land. 

The  8a rue  idea  is  applied  to  the  explanation  of  a  similar  anomali 
in  the  Fauna  of  the  JBgean : 


I 


**  In  the  dee])e*t  of  the  regions  of  depth  of  the  ^geon^  the  repreaentAUoa 
of  a  northern  Faona  is  niaiiitaint;d,  partly  bj  identical  tind  partly  by  re{»re6e&U< 
live  fonna,  ,  .  ,  The  preseoce  of  the  Utter  i»  essentittlly  due  to  the  law  (of  rep- 
resentation of  pflrallels  of  lutitndt)  \j  zones  of  depth),  while  that  of  llie  former 
spedea  depended  on  their  transmiasion  from  their  parent  t^eae  daring  a  former 
epoch  and  Bobf^eijaent  isolation,  Tliat  epoch  was  doubtle^e  the  newer  Pliocene 
or  Glacial  Era,  when  the  Mya  ti^nmtu  imd  other  northern  forms  now  extiac* 
in  the  Mediterranean,  and  lound  fossil  in  tlie  Sicilian  terliaries,  ranged  into  tliAt 
sea.  The  changes  which  there  destroyed  the  shallmc-water  glacial  forms,  did 
not  adeot  those  hving  in  the  depths,  and  which  stiU  soryiTe/' ' 


The  conception  that  the  iuhabitants  of  local  depressions  of  the 
bottom  might  be  a  remnant  of  the  ancient  popalation  of  the 
which  had  held  their  own  in  these  deep  fastnesses  against  an  inva<iing 
Fauna,  as  Britons  and  Gaels  have  held  out  in  Wak-s  and  in  S<  " 
against  encroaching  Teutons,  thus  broached  by  Forbes,  recti 
wider  application  than  Forbes  had  dreamed  of  when  the  sounding  nuk 
chine  first  brought  up  specimens  of  the  mud  of  the  deep  sea.  As  I 
have  pointed  out  elsewhere,'  it  at  once  became  obvious  that  the  cftl* 
careous,  siiciiymud  of  the  Atlantic  was  made  up,  in  the  main,  of  shelli 
of  Globigenna  and  other  Foraminifera^  identical  with  those  of  whi 
the  true  chalk  is  composed,  and  the  identity  extended  even  to 
presence  of  tliose  singular  bodies,  th^  coccoliihs  and  coccospheTee» 
true  nature  of  which  is  not  yet  made  out.  Here,  then,  were  org: 
as  old  as  the  Cretaceous  epoch,  still  alive,  and  doing  their  work 
rock-making  at  the  bottom  of  existing  seas.  What  if  Qlohigenna 
the  coccoliths  should  not  be  the  only  survivors  of  a  world  passed  aw«y, 
which  are  hidden  btucath  three  miles  of  salt-water  ?  The  letter  wl 
Dr.  Wyviile  Thomson  wrote  to  Dr.  Carpenter  in  May,  1868,  out 
which  all  these  expeditions  have  grown,  shows  that  this  query  bad 
come  a  practical  problem  in  Dr,  Thomsoo^s  mind  at  that  time; 
the  desirableness  of  solving  the  problem  is  put  in  the  foregroood 
bis  reasons  for  urging  the  government  to  undertake  the  work  of  ^ 
ploration  : 

'^Two  years  ago,  M.  Bars,  Swedish  Government  Inspector  of  Fislierie^l 
an  opportunity,  In  hh  official  crtpHcity,  of  dredging  off  the  Loffoden  lalanJ*  I 
depth  of  8(K»  fathoms,     1  visited  Norway  shortly  after  his  return,  and  hi^J 
opporttinity  of  etadying  with  his  futber,  Prof,  Sars,  some  of  his  rcflutti. 
mal  form*  were  abundant;  many  of  tbera  were  new  to  science;  aad  i 
tbem  was  one  of  surpassing  intereetr  the  gmall  crtnoid,  of  whicb   yoo  i 
ft  speoioien,   and  which  we  at   once   recognized  as  a  degraded   typt  of  < 

*  "  Memoirs  of  the  G^ologrcal  Surrey  of  Great  Britak,^*  ▼oL  tf  p.  SML 

•  "  Lay  Bennons,*'  etc.,  *•  On  a  Piece  of  Chalk." 
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ApUfcrinid^B,  an  Drder  hitherto  regarded  as  extlDct,  which  attamed  it«  maximum 
b  Uie  Fear  Encrinitea  of  the  Jurassic  period,  and  whose  latest  repre&eutative 
lithtrto  kBOwa  was  the  Bourguettoeriniis  of  the  chalk.  Some  years*  previooaly, 
Mr.  A^b^OroseDf  dredging^  in  200  fathoms  id  the  Hardangerflord,  procured  sev- 
eral examples  of  a  star-tieh  (Bciain^a),  whh^h  seems  to  find  its  nearest  ally  io 
the  fossil  genus  ProtmUr,  These  observationa  place  it  beyoDd  a  doubt  that 
aaunal  life  is  abundant  in  the  ocean  at  depths  varyiug  from  200  to  300  fathomSi 
that  the  forms  at  these  great  depths  differ  greatly  from  those  met  with  in  or- 
dinary dredgings,  and  that,  at  all  events,  in  some  ca^^ea,  these  animals  are  closely 
allied  to,  and  would  seem  to  be  directly  descend^  from,  the  Fauna  of  the  early 
lertiarica, 

*^  I  think  the  latter  resnit  might  a) moat  hare  been  anticipated ;  and,  prob- 
ably, further  Investigation  will  largely  add  to  this  ckss  of  data,  and  will  give 
m  an  opportunity  of  testing  our  determinations  of  the  zoological  position  of 
some  fossil  tyyies  by  an  examination  of  the  soft  parts  of  thtnr  reoent  representa- 
tivea.  The  main  cause  of  the  destructicjn^  the  migration,  and  the  extreme 
modifioation  of  animal  types,  appears  to  be  change  of  climate,  chie%  depending 
upon  oscillations  of  the  earth^s  cmst.  These  oscillations  do  not  appear  to  have 
imgedf  in  the  northern  portion  of  the  Northern  Heuii^phere,  much  beyond 
1|000  feet  since  the  commencement  of  the  Tertiary  epoch.  The  temperature 
of  deep  waters  seems  to  be  constant  for  all  latitudes  at  39%  so  that  an  immense 
of  the  North  Atlantic  most  have  its  conditions  unafieoted  by  tertiary  or 
-tertiary  oscillations.'*  * 

Aa  we  shall  see,  the  assumption  that  the  temperature  of  the  deep 
i  tB  everywhere  39**  Fahr.  (4*^  Cent.)  is  ao  error,  which  Dr.  Wyville 
>liisoti  adopted  from  eminent  physical  writers ;  but  the  genera! 
itice  of  the  reasoning  is  not  aflected  by  this  circumstance,  and  Dr* 
[jmson's  expectation  has  been,  to  some  extent,  already  verified. 
i,  besides  Qhhigerma^  there  are  eiglitcen  species  of  deep-sea 
miinifcra  identical  with  species  found  in  the  chalk. 
I  Embedded  in  the  chalky  mud  of  the  deep  sea,  in  many  localities, 
innumerable  cup-shaped  spoiigcs,  provided  with  six-rayed  silicioas 
ipicula,  so  disposed  that  the  wall  of  the  cup  is  formed  of  a  lace*work 
i>f  flinty  thread.  Kot  less  abundant,  in  some  parts  of  the  chalk  forma- 
tion, are  the  fossils  known  as  Ventriculites^  well  described  by  Dr. 
Thom?*oTi  as  **  elegant  vases  or  cups,  with  branchint;:,  root -like  bases,  or 
groopa  of  regularly  or  irregularly  spreading  tubes  dolicately  fretted 
Oil  the  surface  with  an  impressed  net-work  like  the  finest  lace ; ''  and, 
ke  adds;  "When  we  compare  such  recent  forms  as  Aphrocallhtm^ 
tphiUon^  If/lienia,  and  Askonema,  with  certain  series  of  the  chalk 
VinCrufuIites^  there  cannot  be  the  slightest  doubt  that  they  belong  to 
the  wuDe  family — in  some  cases  to  very  nearly-allied  genera."  * 

Prof.  Duncan  finds  "  several  corals  from  the  coast  of  Portugal  more 
Itarly  allied  to  chalk-forms  than  to  any  others."* 

The  stalked  crinoids,  or  feather-stars,  so  abundant  in  ancient  times, 
fen  now  exelasively  confined  to  the  deep  sea,  ami  the  late  explorations 

»  "  The  Depths  of  the  Sea,''  pp.  51,  62»  »  Ibid.,  p.  4U. 
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hare  yieldeil  forms  of  old  affinity,  the  existence  of  which  has  hit 
been  unsuspected.  The  general  character  of  the  groop  of  star-fish 
embedded  in  the  white  chalk  is  almost  the  same  as  in  the  modem 
Fauna  of  the  deep  Atlantic,  The  sea-archins  of  the  deep  sea,  while 
none  of  them  are  specifically  identical  with  any  chalk-form,  belong  to 
the  same  general  groups,  and  some  closely  approach  extinct  cretaceous 
genera. 

Taking  these  facts  in  conjunction  with  the  positive  evidence  of  th« 
existence,  during  the  Cretaceous  epoch,  of  a  deep  ocean  where  noKJ 
lies  the  dry  land  of  Central  and  Southern  Europe,  Northern  Afri«H 
and  Western  and  Southt^m  Asia  ;  and  of  the  gradual  diminution  of  this 
ocean  during  the  older  Tertiary  epoch,  until  it  is  represented  at  tbf 
present  day  by  such  teacupfids  as  the  Caspian,  the  Black  Sea,  and  the 
Mediterranean ;  the  supposition  of  Dr*  Thomson  and  Dr.  Carpt*nter 
that  what  is   now  the  deep  Atlantic  was  the  deep  Atlantic  (tboogi^j 
merged  in  a  vast  easterly  extension)  in  the  Cretaceous  epoch,  and  th^H 
the  Globigerina  mud  has  been  accumulating  there  &om  that  tiaie  l^| 
this,  seems  to  me  to  have  a  great  degree  of  probability.     And  I  agrtlH 
with  Dr,  Wyville  Thomson  against  Sir  Charles  LyeD  (it  takes  two  of  T 
us  to  have  any  chance  against  his  authority)  in  demurring  to  the  9i^m 
sertion  that  "  to  talk  of  chalk  having  been  uninterruptedly  formrd  i^H 
the  Atlantic  is  as  inadmissible  in  a  geographical  as  in  a  geologicsl^ 
aense."  ^jl 

If  the  word  ^^  chalk  '*  is  to  be  used  as  a  stratigraphical  term  ft]l(^| 
restricted  to  Globigerina  mud  deposited  during  the  Cretaceous  cp<>ci^| 
of  course  it  is  improper  to  call  the  precisely  similar  mud  of  more  t0^M 
cent  date  chalk.  If,  on  the  other  hand,  it  is  to  be  used  as  a  mineral4^| 
gical  terra,  I  do  not  see  how  the  modem  and  the  ancient  chalks  <t^| 
to  be  separated  ;  and,  looking  at  the  matter  geographically,  I  d&t  i^l 
reason  to  doubt  that  a  boring-rod  driven  from  the  surface  of  the  mn^H 
which  forms  the  floor  of  the  mid-Atlantic  would  pass  through  oneoo^H 
tinuous  mass  of  Globigerina  mud,  first  of  modem,  then  of  tertiin^J 
and  then  of  mesosoic  date ;  the  "  chalks  "  of  different  depths  and  ig^^H 
being  distinguished  merely  by  the  different  forms  of  other  orgtmtf^H 
associated  with  the  Glohigerinm.  ^H 

On  the  other  hand,  I  think  it  must  be  admitted  that  a  belief  in  tl^H 
continuity  of  the  modern  with  the  ancient  chalk  has  nothing  to  4^H 
with  the  proposition  that  we  can,  in  any  sense  whatever,  be  said  ^<*ll^| 
still  living  in  the  Cretaceous  epoch.  When  the  Challenger's  tri^^| 
brings  up  an  Ichthyosaurus,  along  with  a  few  living  specimens  of  B^H 
lemnites  and  Turrilites,  it  may  be  admitted  that  she  has  come  npno^H 
cretaceous  ^^  outlier;*'  but  a  geological  period  is  characterized  not  on^^f 
by  the  presence  of  those  creatures  which  lived  in  it,  but  by  the  abftfO^H 
of  those  which  have  only  come  into  existence  later;  and,  howrv^^H 
large  a  proportion  of  true  cretaceous  forms  may  be  discovered  iti  tl^H 
deep  sea,  the  modem  types  associated  with  them  most  be  aboliihl^H 
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the  Faana,  as  a  whole,  could,  with  aoy  propriety,  be  termed 
etaoeoua. 


I  have  now  indicated  some  of  the  chief  lines  of  Biological  inquiry, 

in  which  the  Challenger  has  special   opportunities  for  doing  good 

eerrice,  and  in  following  which  she  will  he  carrying  out  the  work 

already  commenced  by  the  Lightning  and  Porcupine  in  their  cruises 

jt  1868  and  subsequent  years. 

■  But  biology,  in  the  long-run,  rests  upon  physics,  and  the  first  con- 
ation for  arriving  at  a  sound  theory  of"  distribution  in  the  deep  sea 
is,  the  precise  as^je  r  tain  men  t  of  the  conditions  of  life;    or,  in  other 
irordfl,  a  full  knowledge  of  all  those  phenomena  which  are  embraced 
^der  the  bead  of  the  "  Physical  Geography  of  the  Ocean.'* 

Kxcellent  work  has  already  been  done  in  thi«  direction,  chiefly 
nnder  the  superintendence  of  Dr.  Carpenter,  by  the  Lightning  and  the 
Porcupine,^  and  some  data  of  fundamental  importance  to  the  physical 
geography  of  the  sea  have  been  fixed  beyond  a  doubt. 

Thus,  though  it  is  true  that  8ea-wat€r  steadily  contracts  as  it  cools 
down  to  its  freezing-point,  instead  of  expanding  before  it  reaches  its 
freezing-point  as  fresh  water  does,  the  truth  has  been  steadily  ignored 
hyeveu  the  highest  authorities  in  physical  geography,  and  the  erroneous 
conclusions  deduced  from  their  erroneous  premises  hai^e  been  widely 
accepted  as  if  they  were  ascertained  facts.     Of  course,  if  sea-water, 
lite  freeh  water,  were  heaviest  at  a  temperature  of  39°  Fahr.,  and  got 
l^gbter  as  it  approached  32^,  the  water  of  the  bottom  of  the  deep  sea 
al*l  not  be  colder  than  39°.     But  one  of  the  first  results  of  the  care- 
ascertainment  of  the  temperature  at  different  depths,  by  means  of 
«raiometer8  specially  contrived  for  the  avoidance  of  the  errors  pro* 
Iced  by  pressure^  was  the  proof  that,  below  1,000  fathoms  in  the 
otic,  down  to  the  greatest  depths  yet  sounded,  the  water  has  a 
ftperature  yet  lower  than  38''  Fahr.,  whatever  be  the  temperature 
t the  water  at  the  surface.     And  that  this  low  temperature  of  the 
Ppest  water  is  probably  the  universal  rule  for  the  depths  of  the  open 
is  shown,  among  others,  by  Captain  Chirarao's  recent  obser^-a- 
^Jons  in  the  Indian  Ocean,  between  Ceylon  and  Sumatra,  where,  the 
■iHaoe-water  ranging  from  85^  to  81  *"  Fahr.,  the  temperature  at  the 
'wtom,  at  a  depth  of  2,270  to  2,65^  fathoms,  was  only  from  34*^  to 
«2'  Pahr. 

ft  M  the  mean  temperature  of  the  superficial  layer  of  the  cnist  of 
Inearth  may  be  taken  at  about  50°  Fahr.,  it  follows  that  the  bottom 
■ftrof  the  deep  sea  in  temperate  and  hot  latitudes  is,  on  the  aver- 
•ge,  much  colder  than  either  of  the  bodies  with  which  it  is  in  con- 
^^%;  for  the  temperature  of  the  earth  is  constant,  while  that  of  the 
Air  rarely  falls  so  low  as  that  of  the  bottom  water  in  the  latitudes  in 
Mstion ;  and,  even  when  it  does,  has  time  to  affect  only  a  compara* 

^^_-  *  ^  Proceedmgs  of  the  Rojal  Society/'  ISIfi  and  1872. 
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ttTelj  thill  etratum  of  the  surface-water  before  the  retOTD  of  warm 
weath**r. 

How  does  this  apparently  anomalous  state  of  things  come  aboi 
If  we  suppose  the  globe  to  be  covered  with  a  unii'ersal  ocean,  it 
hardly  be  doubted  that  the  cold  of  the  regions  toward  the  polet 
tend  to  cause  the  superficial  water  of  thoge  regions  to  contract 
become  specifically  heavier.  Under  these  circumstances,  it  would 
have  no  alternative  but  to  descend  and  spread  over  the  sea-bottora^ 
while  its  place  would  be  taken  by  warmer  water  drawn  from  the  adja- 
cent regions,  TIimb,  deep,  cold,  polar-equatorial  currents,  and  sap^^ 
ficial,  warmer,  equatorial-polar  currents,  would  be  set  up ;  and,  a^  the 
former  would  have  a  less  velocity  of  rotation  from  west  to  ea^t  thao 
the  regions  toward  which  they  travel,  they  would  not  be  due  soutlierlj 
or  northerly  currents,  but  southwesterly  in  the  Northern  Hemisphmi 
and  northwesterly  iu  the  Southern;  while,  by  a  parity  of  reasoniM 
the  equatorial- polar  warm  currents  would  be  northeasterly  in  tfl 
Northern  Hemisphere,  and  southeasterly  in  the  Southern.  HeDoe,fl 
a  northeasterly  current  has  the  same  direction  as  a  southwest^™ 
wind,  the  direction  of  the  northern  equatorial-polar  current  in  tlfl 
extratropical  part  of  it?  course  would  pretty  nearly  coincide  with  iIm 
of  the  anti-trade  winds.  The  freezing  of  the  surface  of  the  poUfifl 
would  not  interfere  with  the  movement  thus  set  up.  For,  howilfl 
bad  a  conductor  of  heat  ice  may  be^  the  unfrozen  8ea*water  imidi 
diately  in  contact  with  the  under  surface  of  the  ice  must  needs  fl 
colder  than  that  farther  off;  and  hence  will  constantly  tend  to  deseifl 
tliruu^h  the  subjacent  warmer  water,  I 

In  this  way  it  would  seem  inevitable  that  the  surface-wafers  of  til 
northern  and  southern  frigid  zones  must,  sooner  or  later,  find  tlifl 
way  to  the  bottom  of  the  rest  of  the  ocean  ;  and  there  accumulate  fl 
a  thickness  dependent  on  the  rate  at  which  they  absorb  heat  from  V^ 
crust  of  the  earth  below,  and  from  the  surface-water  above.  fl 

If  this  hypothesis  be  correct,  it  follows  that,  if  any  part  of  Ufl 
oceau  in  warm  latitudes  is  shut  off  from  the  influeQce  of  the  cotd  poH 
underflow,  the  temperature  of  its  deeps  should  be  lesa  cold  than  til 
temperature  of  corresponding  depths  in  the  open  sea.  Now,  b  tH 
Mediterranean,  Nature  offers  a  remarkable  experimental  proof  af  JH 
the  kind  needed.  It  is  a  land-locked  sea  which  runs  nearly  east  IH 
west,  between  the  twenty-ninth  and  forty-fifth  paralleb  of  north  Ull 
tnde.  Roughly  speaking,  the  average  temperature  of  the  air  overl 
is  75**  Fahr,  in  July,  and  iS*'  in  January.  fl 

This  great  expanse  of  water  is  divided  by  the  peninsula  of  faj 
(including  Sicily),  continuous  with  which  is  a  submarine  elevatioolM 
rying  less  than  1,200  feet  of  water,  which  extends  from  Sicily  toO^| 
Bon  in  Africa,  into  two  great  pools — an  eastern  and  ii  wesienL  3H 
eastern  pool  rapidly  deepens  to  more  than  12,000  feet  "  iidl^| 
to  the  nonh  its  comparatively  shallow  branches,  the  Aci  udlH 
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HbSB^an  Seas,     The  western  pool  is  less  deep,  though  it  reaches  some 

!    ^10,000  feet.     And,  just  as  the  western  end  of  the  eastern  pool  com- 

jl^^umicates  by  a  shallow  passage,  not  a  sixth  of  its  greatest  depth, 

Bi^tU  the  western  pool,  so  the  western   pool  is  separated  from  the 

^ft&tljintic  by  a  ridge  which  runs  between  Capes  Trafalgar  and  Spartel, 

^km  ^hich  there  is  hardly  1,000  feet  of  water.     All  the  water  of  the 

Mediterranean  which  lies  deeper  than  about  150  fathoms,  therefore, 

is  shat  oif  from  that  of  the  Atlantic,  and  there  is  no  communication 

be  tureen  the  cold  layer  of  the  Atlantic  {l*elow  1,000  fathoms)  and  the 

J'lediterranean.     Under  these  circumstanet'S,  what  is  the  temperature 

^  the  Me^iiterranean  ?    Everywhere  below  600  feet  it  is  about  55^ 

f  ahr. ;  and  consequently,  at  its  greatest  depths,  it  is  some  20**  warmer 

th^xi  the  corresponding  deptha  of  the  Atlantic. 

It  seems  extremely  difficult  to  account  for  this  difference  in  any 
other  way  than  by  adopting  the  view  so  strongly  and  ably  advocated 
^y  Dr.  Carpenter,  that,  in  the  existing  distribution  of  land  and  water, 
Boch  a  circulation  of  the  water  of  the  ocean  does  actually  occur,  as 
theoretically  must  occur,  in  the  universal  ocean,  with  which  we  started. 
It  is  quite  another  question,  however,  whether  this  theoretic  circula- 
tioTt,  true  cause  as  it  may  be,  is  competent  to  give  rise  to  such  move- 
■Bittits  of  sea-water^  in  mass^  as  those  curreots,  which  have  commonly 
Bp^Cp  regarded  ae  northerly  extensions  of  the  Gulf  Stream.     I  shall  not 
venture  to  touch  upon  this  complicated  problem;  but  I  may  take  occa- 
sion to  remark  that  the  cause  of  a  much  simpler  phenomenon' — the 
stream  of  Atlantic  water  which  sets  through  the  Straits  of  Gibraltar, 
««tward,  at  the  rate  of  two  or  three  miles  an  hour  or  more,  does  not 
.•Wm  to  be  SQ  clearly  made  out  as  is  desirable. 

The  facts  appear  to  be  that  the  water  of  the  Mediterranean  is  very 
btly  denser  than  that  of  the  Atlantic  (1.0278  to  L0265),  and  that 
[tbe  deep  water  of  the  Mediterranean  is  slightly  denser  than  that  of 
|tte  atirface ;  while  the  deep  water  of  the  Atlantic  is,  if  any  thing, 
ghter  than  that  of  the  surface.  Moreover,  while  a  rapid  superficial 
ent  is  setting  in  (always,  save  in  exceptionally  violent  easterly 
Mads)  throngh  the  Straits  of  Gibraltar,  from  the  Atlantic  to  the  Med- 
J^Brranean,  a  deep  under^cuiTcnt  (together  with  variable  side-cnrrents) 
**  Betting  oat  through  the  Straits,  from  the  Mediterranean  to  the  At- 
omic 

Dr.  Carpenter  adopts,  withoat  hesitation,  tbe  view  that  the  cause 

^p  this  indranght  of  Atlantic, water  is  to  be  sought  io  the  much  more 

^^pid  evaporation  which  takes  place  from  the  surface  of  the  Mediter- 

l^nean  than  from  that  of  the  Atlantic ;   and  tfius,  by  lowering  the 

*^vel  of  the  former,  gives  rise  to  an  indraught  from  the  latter. 

Bat  is  there  any  sound  foundation  for  the  three  assumptions  in- 
volved here:  Firstly,  that  the  evaporation  from  the  Mediterranean, 
^  a  whole,  is  much  greater  than  that  from  the  Atlantic  under  cor- 

kt^sponding  parallels;  secondly,  that  the  rainfall  over  the  Mediterra- 
VOL.  in.— 30 
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oean  makes  op  for  evaporation  less  than  it  does  orer  the  Ai 

and  thirdly,  flupposing  these  two  questions  answered  affinoatmlft 
Are  not  theeo  Bources  of  loes  in  the  Mediterranean  fully  covered  fcf 
the  prodigious  quiintity  of  freeh  water  which  is  poured  into  tt  \ij 
great  rivnrK  nnd  submarine  springe?  Consider  that  the  water  0(f  tk 
Ebro,  the  Rhine,  the  Fo,  the  Danube,  the  Don,  the  Dnieper,  and  tbe 
Nilc%  all  flow  directly  or  indirectly  into  the  Mediterranean  \  that  ih* 
vohime  of  frcBh  water  which  they  pour  into  it  is  so  enormous  tbl 
fresh  water  may  sometimes  be  baled  up  from  the  surface  of  the  fii 
off  the  Delta  of  the  Nile,  while  tbe  land  is  not  yet  in  eight;  that  tk 
water  of  the  Black  Sea  is  half  fresh,  and  that  a  current  of  thrwor 
four  miles  an  hour  constantly  streams  from  it  Mediternmeaawird 
through  the  Bosponis ;  consider,  in  addition,  that  no  fewer 
ten  submarine  springs  of  fresh  water  are  known  to  burst  up 
Mediternmeun,  some  of  them  so  large  that  Admiral  Smyth  calls 
"  subterraueau  rivers  of  amazing  volume  and  force ; "  and  it 
seem^  on  the  face  of  the  matter,  that  the  sun  must  have  enough  le  do 
to  keep  the  level  of  the  Hediterranean  down ;  and  that^  posahly, 
may  have  lo  seek  for  the  cause  of  the  small  superiority  in  saline 
tents  of  the  Mediterranean  water  in  some  condition  other  than  solar 
evaporation. 

Again,  if  the  Gibraltar  Indraught  is  the  effect  of  evaporation,  wbf 
does  it  go  on  in  winter  as  well  as  in  summer  ? 

All  these  are  questions  more  easily  asked  than  answered ;  but  tlilf 
must  be  answered  before  we  can  accept  the  Gibraltar  stream  sf  tt 
exiunple  of  a  current  produced  by  indraught^  with  any  comfort 

The  Mediterranean  is  not  included  in  the  Challenger's  roote,  ^ 
she  will  visit  one  of  tbe  most  promising  and  little  explored  of  hydr^ 
graphical  nvgions^ — the  North  Pacific,  between  Polynesia  jm  ■ 
Asiatic  and  Anutriean  shores ;  and,  doubtless,  the  store  of  obser 
upon  the  currents  of  this  region,  which  she  will  accumulate,  wIms 
oompared  with  what  wo  know  of  the  Korth  Atlantic^  will  thro«  * 
powerful  light  upon  the  present  obscurity  of  the  Gulf  Stream  pro^ 
lem. — Oonlewyortyry  lUeimo^ 
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CONDENSED  MILK  IN  ENGLAJfD. 

fiv  Da.  SDWAU)  LAIIKBSTm. 

rlE  imp<iitasc<e  of  milV  ma  an  aitkle  of  diet  is  so  great  thai  < 
tluBg  oflbred  aa  %  subeittute  for  it^  or  thai  renderB  il  more  3 
able  m  ft»od»  demands  attemicm,    Tbe  corapoaitloii  of  ecmH  nflk  i 
Mwly  like  wonaaH  milk  that  Uie  addttioii  of  a  little  wmler  i 
Hiy  be  eaid  u>  ee«Tert  i1m  Me  huo  the  oiber ;  bmoe  the 
iMi(  eowV  mttk  to  fous  eUldira,  mud  maldiig  il  m 
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of  their  diet  long  after  they  have  cut  their  teeth  and  are  able 
ticate  bread  and  meat.     No  inconsiderable  quantity  of  milk  is 
coDsiimed  by  adults,  and  its  nutritive  effect  is  not  exceeded  by 
article  of  diet,  as  it  contains  all  the  constituents  that  are  neoes- 
to  the  perfect  nutrition  of  the  human  body. 
There  are,  however,  several  drawbacks  in  the  use  of  cow's  milk 
diminish  its  utility,  limit  its  use,  and  sometimes  render  it  dan- 
UA.     One  of  the  great  drawbacks  in  milk  is  its  liability  to  decom- 
position.    The  sugar  it  contains  becomes  acid,  the  caseine  separates  in 
Ute  form  of  curd^  and  a  fermentation  ensues  which  renders  it  nnpleas- 
aiid  sometimes  even  dangerous  as  an  article  of  diet.    The  latter 
is  seen  more  particularly  in  young  children.     During  the  srnn- 
ar  months  they  suffer  extensively  from  diarrhoea,  and  there  is  little 
Eibt  that  this  is  largely  due  to  the  acidity  of  the  milk  which  is  given 
them.     MiJk  bought  in  tlie  morning  in  London  is  frequently  unfit 
:l>e  used  in  the  evening  for  the  diet  of  infants.     These  changes  in 
Ik  are  hastened  hf  tbe  present  system  of  bringing  milk  to  London 
)ma  distance  in  cans,  by  which  means  it  is  shaken,  and  its  tendency 
change  hastened. 

Another  drawback  in  the  use  of  milk  is  its  liability  to  adulteration, 
ifortunately,  the  agent  by  which  milk  is  adulterated  is  easily  acces- 
',  and  can  be  detected  with  great  difficulty.     We  cannot  instruct 
oks  and  poor  people  m  the  use  of  lactometers  and  hydrometers  by 
which  the  learned  test  milk  ;  moreover,  the  natiiral  liability  of  milk  to 
ry  b  very  great.     Thus  the  quantity  of  cream  in  milk  received  by 
Aylesbury  Condensed  Milk  Company  varies  from  0  to  17  percent. 
Eassell  states  that  the  cream  given  by  the  milk  of  a  cow,  the  milk 
which  he  personally  inspected,  was  but  4 J  per  cent,     Althotigh, 
!♦  all  milk  containing  less  than  9  per  cent,  of  cream   may  be  Bus- 
ted of  ailu Iteration,  yet  it  may  happen  that  a  milk  containing  but 
per  ceaL  may  be  really  not  adulterated  with  water  at  all 
This  varying  quantity  of  cream  also  shows  that,  even  when  milk  is 
adulterated,  it  is  liable  to  great  variations  in  the  quantity  of 
which  may  be  taken  as  the  measure  of  its  usefulnoss  as  an  ar- 
of  food. 
Many  attempts  have  been  made  to  overcome  these  objections  to 
use  of  milk,  and  from  time  to  time  preparations  of  it  have  been 
d  by  which  freedom  from  acidity  and  adulteration  is  secured.     The 
avHitable  of  these  preparations  have  been  those  that  submitted 
milk  to  a  process  of  evaporation  by  which  more  or  less  of  the 
IT  naturally  contained  in  milk  is  got  rid  of.     By  these  processes 
DQtlitive  constituents  of  the  milk  are  retained ;  the  preparation 
for  ftome  time,  la  easily  conveyed  from  place  to  place,  and,  by 
jiddition  of  water,  milk,  so  to  speak,  is  readily  mauufactnred.   None 
lese  preparations,  however,  seemed  to  succeed  till  a  process  for 
og  what  ia  called  "condensed  milk"  was  'ntroduced.     Whether 
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America  or  Europe  has  the  honor  of  the  inTentioti  we  need  not  i 
here.     It  is  now  made  in  this  country  by  thousands  of  gallons  dailjj 
^nd  its  manufacture  may  be  witnessed  on  a  large  scale  at  Aylesbarj.JH 

Although  the  process  of  evaporating  milk  may  be  regarded  aa  an 
exceedingly  simple  one,  the  attempt  to  carry  it  out  at  Aylesbury  on  I 
large  scale  has  developed  a  complicated  machinery  in  which  st^arn- 
power  is  extensively  used  \  200  persons  are  employed,  and  the  milk  of 
1,200  cows,  each  yielding  14  quarts,  is  daily  evaporated.  The  milk: 
used  is  brought  from  farms  in  the  neighborhood  in  ordinary  tin  tm. 
Each  can  before  it  is  sent  to  the  factory  is  carefully  tested  by  the  taste' 
and  smell  aod  the  lactometer.  Any  doubtful  specimens  are  set  aaide 
for  reCxamiuation  or  rejection.  The  milk  is  then  passed  into  a  vacaoiu 
pan,  and  the  vapor  thus  produced  is  carried  off  and  condensed 
thrown  away*  When  the  milk  has  acquired  a  proper  consistence,  it  ] 
mixed  with  sugar*  Thia  addition  of  sugar  is  the  distinguishiDg  fd 
nre  of  the  condenaed-milk  process.  After  this  the  milk  is  still  fuitb 
condensed  till  it  reaches  the  required  consistence^  and  is  run  off  vsm 
the  little  tin  cans  which  are  so  well  known.  The  whole  of  these  of 
tions  are  carried  out  with  a  regard  for  cleanliness  which  would  lod 
almost  fastidious  if  it  were  not  known  that  a  single  particle  of  decoil 
polling  milk  allowed  to  get  into  the  receiving-pans  might  destroy  tk 
whole  mas8.  Every  can  is  returned  thoroughly  cleansed  to  thefanni^ 
who  sends  it,  having  been  first  submitted  to  hot  water,  then  to  a  j 
of  steam,  and  then  rinsed  out  by  a  jet  of  cold  water. 

The  condensed  milk  thus  prepared  is  of  a  semi-liquid  consistenci 
and  can  be  taken  out  of  a  jar  with  a  spoon.  Several  analyses  of  thS 
milk  have  been  made.     The  late  Baron  Liebig  found  that  it  containd- 

Wftter nM 

Solids        ......  77.5fi 

100.00 
The  Zancet  has  more  recently  published  the  following  aDalysti: 

Moisture          ......  29.10 

Butter       ......  11.78 

Caneine            ,•...,  15.17 

Milk-stigar            ,           ,           .           .           .  UM 

Oane-BQgar      «•••..  %9M 

Ash          .          •          ,          •          .          .  t.m 

100.00 

From  these  analyses  it  will  at  once  be  seen  that  the  only  p€we| 
tible  difference  between  condensed  milk  and  ordinary  milk  is, that! 
former  contains  more  sugar  and  less  water  than  the  latter.     Both  the 
things  are  necessary  for  attaining  the  objects  for  which  condensed  i 
is  manufactured.     The  diminntion  of  the  bulk  of  the  water  from  M 
per  cent,  in  ordinary  milk  to  25  per  cent,  in  the  condensed  seciixt 
diminution  of  the  b    k  of  the  milk,  and  thus  renders  transporialio* 
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[comparatively  easy.  The  condensed  milk  is  easily  converted  to  the 
condition  of  ordinary  milk  by  the  addition  of  either  cold  or  hot  water. 
The  addition  of  the  sugar  is  found  to  he  necessary,  in  order  to  enable 
the  other  constituents  to  resist  decomposition.  Mlk  will  keep  any 
length  of  time  when  entirely  desiccated,  but,  by  the  process  of  drying 
eutirely,  the  milk  loses  its  flavor  and  many  of  ita  properties.  The 
semi-liquid  condition  of  condensed  milk  prevents  these  changes,  bnt 
in  tliis  state  it  is  liable  to  decompose ;  hence  the  necessity  of  addi- 
tional sugar. 

The  question  arises  as  to  whether  this  added  sugar  in  aoy  way  m- 
t^rferes  with  the  quality  of  the  milk  in  its  relation  to  the  diet  of  in- 
iaats  or  invalids.  In  comparing  human  milk  with  cow's  milk,  we  find 
tiuit  the  latter  contains  more  caseine  and  less  sugar  than  the  former. 
Hence,  when  given  to  children,  it  is  customary  to  add  a  little  water 
tod  a  little  sugar  to  make  it  like  mother's  milk.  This  object  is  really 
efected  by  the  addition  of  cane-sugar  to  the  condensed  milk,  and  it 
may,  therefore,  he  unhesitatingly  employed  in  the  nursery  as  si  substi- 
tote  for  ordinary  cow's  milk. 

After  a  personal  inspection  of  the  Aylesbury  manufactory,  and  a 
full  consideration  of  the  whole  subject,  we  are  quite  prepared  to  say 
tliat,  where  good  fresh  cow's  milk  is  unattainable,  as  it  is  almost  prac- 
tically so  in  our  large  towns,  there  is  no  substitute  for  it  equal  to  con- 

j  densed  nulk.  Nor  is  this  a  matter  of  theory ;  hundreds  of  gallons  are 
^mg  used  every  day  in  London,  and  most  of  it  under  the  direction 
of  experienced  medical  men.  One  medical  man  assures  us  that  he  has 
•  Withy,  fine-grown  child  of  ten  months  that  has  never  taken  any 
tMog  but  condensed  milk.  As  the  diet  of  invalids,  it  may  in  some 
«*•€«  require  watching  when  the  action  of  sugar  is  injurious  to  the 

1  •yitem  ;  but  in  these  cases  mUk  should  be  altogether  interdicted. 
It  is  to  be  hoped  that  no  disadvantage  in  the  use  of  this  agetit  has 

f  lean  overlooked,  as  the  advantages  of  its  use  are  so  many  and  so  ob- 

l^ioiis*    It  presents  a  pure  form  of  inilk  in  a  condition  in  which  it  may 

i  kept  for  any  length  of  timp<Knd  is  not  injured  by  removal     It  is 

lys  at  hand  night  aod^ay,  and^  by  the  addition  of  cold  or  hot 

r,  can  be  converted  into  nutritions  and  wholesome  food* — Nature^ 
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Bt  Bkv^.  HUGH  2ktA0MCLLAN. 

IFE  13  everywhere.     "  Natvire  lives^'^  says  Lewes ;  "  every  pore 
is  bursting  with  life ;   every  death  is  only  a  new  birth  ;   every 
ire  a  cradle*       "  The  earth-dust  of  the  universe,"  says  Jean  Paul^ 
^jy  the  breath  of  the  great  God-     The  world  is  brimming 
leaf  on  every  tree  is  a  land  of  spirits."    The  tendency 
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to  vegetate  is  a  ceaseless  power.  It  has  been  iu  operation  from  tbe 
earliest  ages  of  the  earth,  ever  since  living  beings  were  capable  of  ex- 
isling  upon  its  surface  ;  and  so  active  in  tbe  past  biglory  of  tbe  globe 
baa  been  this  tendency,  that  most  of  tbe  superficial  rocks  of  tbe  earth*i 
crust  are  composetl  of  the  remains  of  plants.     It  operates  wilb 

.  dimioisbed  and  tireless  energy  still.     Vegetation   takes  place  up< 

I  almost  every  substance;  upon  tbe  bark  of  trees,  upon  naked  rock 
upon  the  roofs  of  houses,  upon  dead  and  living  animal  substance 
upon  glass  when  not  coDstantly  kept  clean,  and  even  on  iron 
bad  been  subjected  to  a  red  heat  a  abort  time  before;.     Zoologists  tell 
us,  when  speaking  of  animalcules,  that  not  a  drop  of  stagnant  wat 
not  a  speck  of  vegetable  or  animal  tissue,  not  a  portion  of  organ 

L  matter,  but  has  its  own  appropriate  inhabitants.  Tbe  same  may  i 
eatd  of  plants ;  for  we  can  hardly  point  to  a  sitigle  portion  of 
earth's  soriace  which  is  not  tenanted  by  some  vegetable  form  who 
structure  is  wonderfully  adapted  to  its  situation  and  requir 
Even  in  the  hottest  thermal  springs,  and  on  the  eternal  snows  < 
arctic  regions,  peculiar  forms  of  vegetation  have  been  found.  ProJ 
the  deepest  recesses  of  the  earth  to  which  tbe  air  can  penetrate,  to  I 
summits  of  the  loftiest  mountains  ;  from  the  almost  unfathoiuaMl| 
depths  of  the  ocean  to  the  highest  clouds  ;  from  pole  to  pole,  the  Vftil I 
stratum  of  vegetable  life  extends  ;  while  it  ranges  from  a  temperatnrtj 
of  35°  to  135°  Fahr.,  a  range  embracing  almost  every  variety  of  cow 
ditions  and  circumstances. 

Tbe  most  cursory  and  superficial  glance  will  recognijce  in  ercr 
scene  a  class  of  plants  whose  singular  appearances^  babita,  and  mo 
of  growth,  so  prominently  distinguish  them  from  tbe  trees  and  flowerll 
around,  that  they  might  seem  hardly  entitled  to  a  place  in  the  vef 
tabic  kingdom  at  all.  On  walls  by  the  wayside,  on  rocks  on  the  hilli^| 
and  on  trees  in  the  woods,  we  see  tiny  green  tufts  and  gray  stains  c 
party-colored  rosettes  spreading  themselves,  easily  dried  by  the  bcslj 
of  the  sun,  and  easily  revived  by  the  rain.  In  almost  every  stpe«J%| 
lake,  ditch,  or  any  collection  of  standing  or  moving  water,  we  obsur 
a  green,  slimy  matter,  forming  a  scum  on  tbe  surfacei  or  floating  i 

'  long  filaments  in  the  depths.     On  almost  every  fallen  leaf  and  i 

Icayed  brauch,  fleshy,  gelatinous  bodies  of  different  forms  and  sises  1 
our  eye.     Sometimes  all  these  different  objects  appear  growing  00  1 
same  subetance.     If  we  examine  a  fallen,  partially-decayed  twig, 
buried  in  tbe  earth  in  a  wood,  we  maytfind  it  completely  cove 

Lvarious  representatives  of  these   different  vegetable   growths; 

Bftothing  surely  can  give  us  a  more  striking  or  convincing  proof 
universal  diffusion  of  life.    All  these  different  plants  belong  to  ' 
eecond  great  division  of  the  vegetable  kingdom,  to  which  the  namerfl 
Oryptoffamia  has  been  given,  on  account  of  the  absence,  in  all 
members,  of  those  promiuent  organs  which  are  esseutial  to  th«f 
duction  of  perfect  seed.    They  are  propagated  by 
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led  spores,  or  sporutes,  generally  invisible  to  the  naked  eye,  and 

from  trae  seeds  in  germioatiDg  from  any  part  of  their  surface 

tead  of  from  two  invariable  points.     Besides  this  grand  distinguisb- 

Tng  mark,  they  possess  several  other  peculiar  qualities  in  common* 

They  consist  of  cells  only,  and  hence  are  often  called  cellular  plants, 

contradistinction  to  those  plants  which  are  possessed  of  fibres  and 

oody  tissue.     Their  development  is  also  superficial,  growth  taking 

ace  from  the  various  terminal   points ;  and  hence  they  are  called 

irogens  and  thallogens^  to  distinguish  them  from  monocotyledouous  ' 

id  dicotyledonous  plants.     Popularly,  they  are  known  as  mosses, 

tbens,  algae,  and  fungi.    They  open  up  a  vast  field  of  physiological 

search.    They  constitute  a  microcosm,  a  strange  minute  world  un- 

rrlying  this  great  world  of  sense  and  sight,  which,  though  unseen 

id  unheeded  by  man,  is  yet  ever  in  full  and  active  operation  around 

L    It  is  pleasant  to  turn  aside  for  a  while  from  the  busy  human 

rorld,  with  its  ceaseless  anxieties,  sorrows,  and  labors,  to  avert  our 

from  the  splendors  of  forest  and  garden,  from  the  visible  display 

green  foliage   and  rainbow-colored  blossoms  around  us,  and  con- 

xiplate  the  silent  and  wonderful  economy  of  that  other  .world  of 

inute  or  invisible  vegetation  with  which  we  are  so  mysteriously  re- 

^d,  though  we  know  it  not.     There  is  something  exceedingly  inter- 

ing  in  tracing  Nature  to  her  ultimate  and  simplest  forms.     The 

id  of  man  has  a  natural    craving  for  the  infinite.     It  delights  to 

peculate  either  on  the  vast  or  the  minute ;  and  we  are  not  surprised 

the  paradoxical  remark  of  Linn£Bus,  that  Katnre  appeared  to  him 

latest  in  her  least  productions. 

Tliese  plants  once  occupied  the  foremost  position  in  the  economy 
\  Nature,  Like  many  decayed  families  whose  founders  were  kings 
id  mighty  heroes,  but  whose  descendants  are  lieggars,  they  were 
ic©  the  aristocracy  of  the  vegetable  kingdom,  though  now  reduced 
the  lowest  ranks,  and  considered  the  eimmlh  of  vegetation,  Geolo- 
r  reveak  to  us  the  extraordinary  fact  that  one  whole  volume  of  the 
earth's  stony  book  is  filled  almost  exclusively  with  their  history, 
Xife  may  have  been  ushered  upon  our  globe  through  oceans  of  the 
nrest  types  of  Confervm^  long  previous  to  the  deposit  of  the  oldest 
Bii&ozaic  rocks  as  known  to  us ;  and  for  myriads  of  ages  these  ex- 
Pnmely  simple  and  minute  plants  may  have  represented  the  only  idea 
f>f  life  on  earth*  But,  passing  from  conjecture  to  the  domain  of  estab- 
liili^d  truth,  we  know  of  a  certainty  that,  at  least  throughout  the  vast 
iods  of  the  Carboniferous  era,  ferns,  mosses,  and  still  humbler  plants, 
t#d  the  throne  of  the  vegetable  kingdom,  and,  by  their  countless  J 
iheir  huge  dimensions,  and  rank  luxuriance,  covered  the 
earth  with  a  closely -woven  mantle  of  dark-green  verdure — from 
Island  in  the  extreme  northj  to  the  islands  of  the  Antarctic 
in  the  extreme  s<mth.  The  relics  of  these  immense  primeval 
il9^  reduced  to  a  carbonaceous  or  bituminous  condition  by  the 
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Beoret  resoarces  of  Nature^B  laboratory,  amid  so  many  conralsions  m 
the  globe,  are  now  buried  deep  in  the  bowels  of  the  earth,  packM 
into  solid  sandstone  eases,  and  under  huge  sliady  covers^  and  stOFM 
up  in  the  smallest  oompasB  by  the  mighty  pressure  of  ponderous  rock- 
presses,  con«tituting  the  chief  source  of  our  domestic  comfort,  and 
nearly  all  our  commercial  greatness.  A  coal-bed  is,  in  fact,  a  Aoi 
siccus  of  extinct  cryptogamic  vegetation,  bringing  before  the  imaj 
tion  a  vista  of  the  ancient  world,  with  which  no  arrangement  of  la 
scape  or  combination  of  scenery  cau  now  be  compared ;  and,  gazii 
upon  its  dusky  contents,  our  minds  are  baffled  in  aiming  to  conipi 
bend  the  bulk  of  original  material^  the  seasons  of  successive  gro' 
and  the  immeasurable  years  or  ages  which  passed  while  decay, 
maceration,  and  cbemical  changes,  prepared  the  fallen  vegetation 
fuel*  If  the  specimens  of  plants,  thus  strangely  preserved,  teach  Hi 
one  truth  more  than  another,  it  is  this,  that  size  and  development  are 
terms  of  no  meaning  when  applied  to  a  low  or  a  high  type  of  orgi 
nation.  The  Cryptogmnia  of  the  Old  World,  the  earliest  planting  I 
the  new-formed  soil,  are  in  bulk^  as  well  as  in  elegance  and  beauty 
form,  unrivalled  by  the  finest  specimens  of  the  modem  forests 
little  and  the  great,  the  recent  and  the  extinct,  were  equally  the 
jecta  of  Nature's  care,  and  were  all  modelled  with  a  skill  and  finisk 
that  left  nothing  to  be  added. 

And  as  in  early  geological  epochs  they  tccupied  so  conspicuous^ 
position,  so  now  in  the  annals  of  physical  geography  they  are  entitleJ 
to  a  prominent  place.  With  the  exception  of  the  grasses — Nature^ 
special  favorites — they  are  the  most  abundant  of  all  plants,  possessiiii 
inconceivable  myriads  of  individual  representatives  in  every  part  m^ 
the  globe,  from  which  unfavorable  conditions  exclude  all  other  veg€l«»a 
tion ;  and  thus  they  contribute,  far  more  than  we  are  apt  from  a  B^pe^ 
ficial  observation  to  imagine,  to  the  picturesque  and  romantic  appear 
ances  exhibited  by  scenery,  and  to  the  formation  of  that  richly-woTid 
and  beautifully-decorated  robe  of  vegetation  which  conceals  the  ghair 
ly  skeleton  of  the  earth,  and  hides  from  our  view  the  rugged  outlin«* 
and  primitive  features  of  Nature.  They  are  the  first  objects  that 
clothe  the  naked  rocks  which  rise  above  the  surface  of  the  ocean ;  ^ 
they  are  the  last  traces  of  vegetation  which  disappear  under  degn!«ll 
of  heat  and  cold  fatal  to  all  life.  Their  structure  is  so  singulwlp 
varied  and  plastic,  that  they  are  adapted  to  every  possible  situatioo*' 
lu  every  country  they  form  an  important  element  in  the  numWr  of 
plants,  the  proportion  to  flowering  plants  decreasing  from  and  mere**'- 
ing  toward  the  poles.  Taking  them  as  a  whole,  and  in  regard  to  theW 
siae,  they  occupy  a  larger  area  of  the  earth's  surface  than  any  otlitfl 
kind  of  vegetation.  There  are  immense  forests  of  trees  here  and  tbeiw 
in  different  countries,  realizing  Cowper*s  wish  for  "  a  boundless  cofl^ 
tiguity  of  shade ;  "  there  are  vast  colonies  of  flowering  plants ;  bat  tbi 
range  of  the  most  ubiquitous  tree  or  iower  is  vastly  inferior  to  thii^ 
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fome  of  the   humblest   lichens  and  mosses,     Although  these   plants 

owopy  but  a  very  subsidiary  and  unimportant  position  among  the 

vegetation  which  stiiT0Uu*la  ua  in  our  dully  walks,  and  are  concealed 

'mh  iwbted  patches  in  the  woods  and  fields  by  the  luxuriance  of  highea: 

and  more  coDBpicnous  plants,  yet  they  conatitute  the  sole  vegetation 

of  very  extensive  regions  of  the  earth's  surface.     Every  part  of  the 

globe,  within  a  thousand  feet  of  the  line  of  perpetual  snow,  is  redeemed 

from  utter  desolation  by  these  plants  alone.     Above  the  valleys  and 

the  lower  slopes  which  form  the  step  of  transition  from  plain  to  mouo- 

Uio — inhabited  by  prosperous  and  civilized  nations— is  the  domain  of 

vml  and  mystery,  the  region  of  storm — a  world  which  is  not  of  tliia 

world,  wbere  God  and  Nature  are  all  in  all,  and  man  is  nothing ;  and  in 

this  unknown  region  there  are  immense  tracts  familiar  to  the  eye  of 

wild  bird,  to  the  summer  cloudj  the  stars  and  meteors  of  the  night^ — 

itrange  to  human  faces  and  the  sound  of  human  voices,  w^here  the 

lichen  and  the  moss  alone  luxuriate  and  carpet  the  sterile  ground. 

die  grandest  and  sublimest  regions  of  the  earth  are  adorned  with  gar- 

■ti4B  of  the  minutest  and  humblest  plants;  they  are  the  tapestry,  the 

KgUy-wTOught  carpeting  laid  down  in  the  vestibules  of  Nature's  pal- 

ms^    If  we  look  at  a  map  of  the  world,  we  see  that  Europe  and  Asia 

be  held  together  as  it  were  by  a  huge  ridge  or  backbone  of  moun- 

fcin^elevation,  whichj  although   suffering  partial  interruption,  may  be 

■Hifhly  described  as  contimioua  from  one  ocean  to  another.     It  begins 

■Ith  the  mountains  of  Biscay  in  Spaio,  passes  on  through  the  Pyrenees, 

Kth  a  slight  interruption,  into  the  Alps,  which  throw  off  the  important 

■bur  or  rib  of  t!ie  Apennines ;  thence  it  divides  into  the  Balkan  and 

Hupathians.     W©  trace  tlie  chain  next  in  the  Caucasus  and  the  moun* 

■ins  of  Armenia — with  the  interrnption  of  the  Caspian  Sea — passing 

HO  the   Hindoo  Coosh  and  the  Himalaya  Mountains,  whence  the 

Bftin  forks  and  takes  a  direction  north  and  south,  enclosing  like  walls 

B  whole  delta  of  Cbiua,  and  thence  dips  into  the  easteru  ocean.     In 

Krca  also,  at  its  widest  part,  there  is  a  similar  backbone,  beginning 

B|  far  from  Sierra  Leone,  and  losing  itself  in  the  east  in  the  moun* 

HIS  of  Abyssinia;  while  in  America  the  mountain-spine  trends  north 

Btf  south  from   the  Hudson^s  Bay  territories,   through   the   Rocky 

l^ulains,  uninterruptedly  throogh  the  Isthmus  of  Panama,  along  the 

mim  to  the  Straits  of  Magellan,     These  vast  mountain-systems,  with 

bijr  culminatijig   regions  in  the  Andes,  Alps,  and  Himalayas,  and 

kr  subsidiary  branches  or  ribs  in  the  Grampians,  Dovrefields,  Ural, 

h  Atlantic  ranges,  are  clothed  on  their  sides,  summits,  and  elevated 

Btesiag,  almost  exclusively  with  cryptogamic  vegetation,  and  enable 

Ma  form  same  conception  of  the  immense  altitudinal  range  of  these 

■lt#«     Then  there  are  whole  islands  in  the  Arctto   and  Antarctic 

kftitf  whom  vegetation  also  is  almost  entirely  cellular.    The  north- 

■  portioD  of  Lapland,  the  continent  of  Greenland,  the  large  islands 

Bhitabergieii,  Nova  Zembla,  and  Iceland,  the  extensive  territories 
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of  the  Hndeon's   Bay  Corapatiy,  the  enormous  tracts  of  level  lanj 

which   border  the  Polar  Ocean  from  the  North  Cape  to  Behriiig^fl 
Straits,  across  the  north  of  Europe  and  Asia,   and   from   Behriiig's 
Straits  to  Greenland,  across  the  north  of  America,  a  stretch  of 
thousands  of  miles ;  all  these  immense  areas  of  the  earth's 
where  not  a  tree,  nor  a  shrub,  nor  a  flower  is  seen,  except  the  cr 
arctic  willow  and  birch,  and  the  stunted  moss-like  saxifrage  and  i^ca 
grass- — are  covered  with  fields  of  lichens  and  mosses,  far  excee 
any  thing  that  can  l>e  compared  in  that  respect  among  phaneroga 
plants.     Thus,  to  the  rugged  magnificence  of  Alpine  scenery,  and  tfi  \ 
dreary  isolation  and  uuiibrmity  of  the  arctic  steppes,  and  the  houai 
leas  wastes  of  brown  desert  and  misty  moorland,  to  these  greiit  ouUett 
from  civili^sation  and  the  tameness  of  ordinary  life,  which  allow  , 
soul  to  expand  and  go  out  in  sublime  imaginings  toward  the  in 
of  God,  these  humble  plants  form  the  sole  embellishments. 

So  much  for  the  distribution  of  these  plants  on  the  land; 
range  in  the  waters  is  still  more  extensive.     Lichens  and  mos&ee  < 
the  waste  surfacei*  of  the  earth ;  diatoms  and  confervfe  are  everywli 
miraculously  abundant  in  the  waters — in  rivers  and  streams,  in  dilci 
and  ponds,  alike  under  the  sunny  skies  of  the  south,  and  in  the  1 
regions  of  the  north ;  on  the  surface  of  the  sea  in  floating  meado 
and  in  the  dark  and  dismal  recesses  of  the  ocean  only  to  be  eipio 
by  the  long  line  of  the  gounding-lead.     The*  ocean  swarms  with 
merable  varieties,  without  their  presence  being  indicated  by  any  dk 
oration  of  the  fluid.     The  Arctic  and  Antarctic  Oceana,  covering  i 
larger  than  the  Continents  of  Europe  aud  Asia,  are  peopled  by  myr 
of  diatoms ;  various  inland  seas  and  lakes  are  tinged  of  diflVrcnt  1 
by  their  predominance  in  the  waters ;  while  it  ha«  been  ascerta 
from  the  soundings  obtained  during  the  investigations  connected  i 
laying  the  electric  telegraph-cable  between  Ireland  and  Nev 
land,  that  the  floor  of  the  Atlantic  is  paved  many  feet  deep  with 
silicious  shields,  preserving  in  all  their  integrity  their  wonderful  s>li 
notwithstanding  their  extreme  delicacy  and  minuteness,  and  the  i 
mous  pressure  of  the  vast  body  of  water  which  rests  above 
Such  is  the  wide  space  which  these  organisms  occupy  in  the  fie 
Nature — ^a  prominence  which  is  surely  sufficient  to  rtnieem  I 
the  charge  of  insignificance.     They  are  inferior  in  majesty  of  J 
palms  and  oaks,  but  in  their  united  influence  it  is  not  too  extniv| 
to  say  that  they  are  not  less  important  than  the  great  foreeU  clj 
world. 

This  vast  profusion  of  minute  and  humble  vegetable  life  servM | 
obvious  purpose  of  preparing  the  way  for  higher  orders  of  veg 
Nature  is  incessantly  working  out  vast  ends  by  humble  iiml  »CJ 
recognizable  means.     The  features  of  the  earth  are  being  cont 
altered  by  the  germination  and  dispersion  of  the^algie,  mopsei|l 
liohena.     Bare  and  sterile  mountains  are  clothed  with  venlure; 
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ire  mouldering  Id  to  soil  \  eeaa  are  filling  up ;  rirers  and  st  reams  are 
dttaUy  shifting  their  ontlines;  and  lakes  are  converted  into  fertUe 
dows  and  the  sites  of  luxuriant  forests,  by  means  of  the  vast  armies 
tfature^a  pioDeers.  Hard  inorganic  matters  are  reduced  to  impalpa-^ 
[atoms  ;  waters  and  gases  are  decomposed  apd  moulded  into  new 
and  sabstances  having  uew  properties,  by  vcgetahle  growth. 
these  plants  are,  they  are  intimately  related  to  the  giant 
^the  universe.  It  has  been  observed  that  as  the  great  whole 
liasolnbly  connected  with  its  minutest  parts,  so  the  germination 
Dutest  lichen  and  the  growth  of  the  simplest  moss  are  directly 
ith  the  grandest  astronomical  phenomeoa;  nor  could  the 
leet  fungus  or  conferva  be  annihilated  without  destroying  the 
iibrium  of  the  universe.  It  is  with  organic  Nature  as  with  the 
politic  or  the  microcosm  of  the  human  frame,  if  "  one  member 
■  all  the  members  suffer  with  it/*  and  the  loss  of  one  class  or  order 
Jd  involve  that  of  another,  till  all  would  perish*  Our  comfort  and 
ulthinaj  our  very  existence,  more  or  less  immediately  depend  on  the 
sful  functions  which  they  perform.  Before  we  can  have  the  wheat 
ich  forms  our  daily  bread,  or  tlie  grass  which  yields  us,  through  the 
ttcntality  of  our  herds,  our  daily  supply  of  animal  food,  or  the 
and  lint  which  form  our  clotheSj  countless  generations  of  lichens 
losses  must  have  been  at  work  preparing  a  soil  for  the  growth  of 
plants  which  produce  these  useful  materials.  And  as  on  the  dry 
,  so  in  the  great  waters,  this  wonderful  chain  of  connection  exists 
i  its  complexity.  Before  the  reader  can  peruse  tliese  pages  by  the 
iof  the  midnight  lamp,  or  the  gay  party  can  indulge  their  revels 
•  tbe  brilliant  glare  of  spermaceti  tapei*^,  myriads  of  minute  dia- 
QA  :iud  Confervm^  floating  in  the  waters  of  the  sea,  must  have  formed 
1  of  subsistence  for  the  whales  and  seals  whose  oil  is  employed 
\  purposes.  Man's  own  structure  is  nourished  and  built  up  by 
clee  which  these  active  plants  have  rescued  from  the  mineral 
i,  and  which  once  circulated  through  their  simple  cells;  and 
[the  highest  and  most  complex  creature,  by  a  vital  sympiithy  and 
!  physical  relation,  is  connected  with  the  lowest  and  simplest 
,  to  teach  him  humility,  and  inspire  him  with  a  deep  interest 
I  tlie  works  of  his  Maker  1 

**  Nothing  in  tliia  world  is  single ; 
All  things^  by  a  law  divinei 
la  one  ao«jther*8  being  mingle," 

may  lie  asked  by  a  class  of  individuals,  unfortunately  too  nu- 

DSf  Wliat  is  the  use  of  these  minute  plants  ?    In  tht^  bussiness  Ian- 

}  of  the  world  things  are  called  useful  when  they  promote  the 

It,  convenience,  or  comfort,  of  every-day  life ;  and  useless  when 

y^o  not  promote,  or  when  they  hinder^  either  of  these  desired  ends. 

ItlitJ  definition  is  extremely  partial  and  one-sided.     There  are 
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higher  ptirposes  to  serve  in  thia  world  than  mere  subservience  to  tke 
physical   wants  of  man.     There   is   a  much  higher  utility  than  the 
mere  temporary  and  worldly  one.     The  useful  things  of  external  life, 
indeed^  should  not  be  undervalued  j  they  are  the  first  things  required, 
but  they  are  not  the  sole  or  the  highest  things  necessary.     Man  must 
have  food  and  elo thing  in  order  to  live  ;  bus  it  must  also  be  remem« 
bered  that  man  does  not  live  by  bread  and  the  conveniences  of  exier 
nal  life  alone.     When  any  one  does  live  by  these  alone,  he  has  for 
felted  his  claim  to  the  higher  form  of  life  which  is  his  glorious  prin- 
lege,  and  by  winch  he  is  dislLDguished  from  the  lower  animals.    X*- 
ture  throughout  her  whole  wide  domains  gives  no  connteJiance  to  suck 
a  materialistic  exclusiveness.     She  is  at  once  utilitarian  and  transota* 
dental     Uses  and  beauties  intermingle.     All  that  is  useful  is  arowil 
us  \  but  how  much  more  is  there  besides  ?    There  is  a  strange  superffr 
ous  glory  in  the  summer  air ;  there  is  marvellous  beauty  in  the  fonai 
and  hues  of  flowers ;  there  is  an  enchanting  sweetness  in  the  song  of 
birds  and  the  murmur  of  waters ;  there  are  a  divine  grandeur  and  lovfr 
liness  in  the  landscapes  of  earth  and  the  scenery  of  the  heav 
changes  of  the  seasons,  the  dissolving  splendors  of  morning,  \h 
set,  and  night,  utterly  incomprehensible  upon  the  theory  of  Naturfl 
exclusive  utilitarianism.     "The  tree  which  shades  the  wayfart '  *    '^' 
noontide  heat  adorns  the  landscape  ;  and  the  flower  wliich  gi\« 
to  the  bee  sheds  its  perfume  on  the  air.     A  leaf  no  less  than  a  iiower 
fulfils  the  functions  of  life,  ministers  to  the  necessities  of  man,  ytl 
clothes  itself,  and  adorns  the  earth  in  tapestries  richer  than  the  robil* 
of  kings,^'     AH  things  proclaim  that  the  Divine  Architect,  ^  ' 
ply  providing  for  the  physical  wants  of  his  creatures,  has  not 
ten  their  spiritual  necessities  and  enjoyments ;  and,  haying  implantM 
in  the  human  soul  a  yearning  for  the  beautiful,  has  surrounded         '*'" 
a  thousand  objects  by  whose  charms  that  yearning  may  be  j 
And  one  of  the  most  striking  examples  of  this  Divine  care  is  t- 
in  the  profusion  of  minute  objects  spread  around  us,  which  ai  ; 
have  no  direct  influence  at  all  upon  man's  physical  nature,  i 
no  connection  with  his  corporeal  necessities.     These  objectfis  ^  -  '^ 
ing  no  gross  utilitarian  purpose^  are  intended  to  educate  nian%  ^y^^' 
ual  faculties  by  the  beauties  of  form,  the  wonders  of  structure,  and  lldj 
adaptations  of  economy  which  they  display.     Their  beauty  is  ^^  '  "^ 
reason  for  their  existence,  were  there  no  other.     When  their  vn 
exquisitely  symmetrical  forms  are  presented  to  the  eye  undt: 
croflcope,  a  thrill  of  pleasure  is  experienced,  calm  and  purr,  i^v-^ 
free  from  all  taint  of  passion,  and  felt  all  the  more  intensely  bM^I 
nameless  and  indefinite.     We  are  bronght  face  to  fac^  fl 

in  its  most  wonderful  aspect — ^the  perfection  of  miuuic!  i|H 

with  objects  which  bear  most  deeply  impressed  upon  them  the  A^| 
mark  of  their  Maker ;  and  we  observe  with  speechless  admbntioo^H 
the  Divine  attention  is  acuminated  and  his  skill  oonoesittmted  oo^H 
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I  atoms;  the  last  visible  orgnnUm  vauisliiiig  from  our  %^iew  "with 
!  Divine  glory  upon  it,  as  the  last  star  that  glimmers  out  of 
bt  ou  tlie  remotest  verge  of  space. 

These  organisms  further  justify  their  existence  to  the  utilitarian, 
iMsmaeh  as  th^r  study  is  well  calculated  to  exerclao  an  edwcatlooal 
loenee  which  should  not  be  overlooked  or  despised.  While  they 
\  tbe  patience,  tbey  exercise  the  faculties  by  forcing  attention  upon 
ails.  Their  minuteness,  their  general  reBemblance  to  each  other, 
heir  want  in  many  cases  of  very  prominent  or  marked  characteristics, 
render  it  a  somewhat  difficult  task  to  identify  them*  Long  hours  may 
aftcn  be  spent  in  ascertaining  the  name  of  a  single  species,  and  assign- 
iog  it  its  proper  place  in  the  tribe  to  whicli  it  belongs.  One  species 
'  often  be  confounded  with  another  closely  allied,  and  days  and 
aay  fclapse  before  the  eye  and  the  mind,  familiarized  with  their 
ive  details,  can  observe  tiie  distinctions  between  them.  Thia 
ilty  of  identification  greatly  sharpens  onc*s  knowledge,  induces  a 
of  paying  attention  to  minutiae,  and  creates  a  power  of  distin- 
b^tween  things  that  differ  slightly,  which  is  exceedingly 
ble  and  important.  For  the  eye  and  mind  thus  educated  to  de- 
»i«flemblances  and  differences  in  objects,  which  to  ordinary  obser- 
Uon  appear  widely  dissimilar  or  precisely  the  same,  there  will  be 
Bdant  scope  in  the  practical  details  of  common  everyniay  life,  as 
i  aa  in  the  higher  walks  of  literature,  science,  and  art, 

study  of  these  plants  has  also  a  tendency  to  elevate  and  en- 

!  our  conceptions  of  Xature ;  its  vastness  and  complexity,  its  in- 

[imuiiicable  grandeur,  its  all  but  infinity,  opening  before  us  newer 

I  more  striking  vistas  with  every  descending  step  we  take.     The 

we  advance,  and  the  wider  our  sphere  of  observation  extends, 

ttder  follows  on  wonder,  lill  our  faculties  become  bewildered,  and 

'  intellect  falls  back  on  itself  in  utter  hopelessness  of  arriving  at  the 

Minute  as  the  objects  are  in  themselves,  contact  with  them 

aot  fail  to  excite  the  mind,  to  call  it  forth  into  f^ill  and  vigorous 

e,  to  enlist  its  sympathies,  and  to  expand  its  faculties.     Many 

nt  pages  have  been  written  to  show  this  elevating  influence 

be  mind,  of  contact  with  and  contemplation  of  the  phenomena 

5  J  but  it  is  not  the  great  and  sublime  objects  of  Nature  alone 

8  this  effect — the  sublimity  of  mountains,  the  majesty  of 

,  mad  the  repose  of  forests — the  very  humblest  and  simplest  ob- 

\  are  ealcalated  to  awaken  these  emotions  in  a  yet  higher  and 

foiTD. .  "  The  microscope,'*  as  IHr*  Lewes  has  well  observed,  "  is 

e  exteaisjon  of  a  faculty ;  it  is  a  new  sense." 

are  alao  peculiar  pleasures  connected  with  the  study  of  these 

There  is,  first,  the  pleasure  of  novelty  and  discovery — of  ei- 

\  a  realm  where  every  thing  is  comparatively  new,  and  every 

delightful ;  where  the  forms  are  unfamiliar,  and  the  modes  of 

iilberto  ucimagined.    There  is,  next,  the  more  subtle  and  refined 
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pleiisure  of  observing  the  strange  truths  which  they  unfold,  the  beauli- 
fill  laws  which  they  reveal,  and  the  reeemblaactis  and  relatione  whkh 
they  tlii^phiy.     The  false  rouianlicism  of  vulgar  fancy  require©  sooie* 
thing  pretentioua  and  unnatural  to  gratify  its  taste;  but,  to  the  truf 
poetical  mind,  the  humblest  moss  on  the  wall,  or  the  green  eliine  tbit   , 
creams  on  the  wayside  pool,  will  suggest  trains  of  pleasing  and  prc^t-  \ 
able  reflection.     He  who  has  an  observing  eye  and  an  apprei  i 
mind  for  these  minute  wonders  of  Nature,  need  never  be  alone,    i 
nook  and  comer  of  the  earth,  however  barren  and  dreary  to  superficial 
minds,  has  companions  for  him ;  and  on  every  path  he  will  fiml  wii*l 
the  Indians  call  a  rustatcalkih,  a  delightful  road-fellow. 

To  the  cryptogamic  botanist  Nature  reveals  herself  in  her  wildcat, 
and  also  in  her  fairest  aspects.     He  enters  into  her  guarded  retreati— 
retiring  spots  of  luxuriant^  refreshing,  and  enticing  beauty,  thai  aw 
hidden  from  every  other  eye;  where  the  great  world  of  strife  and  tfllH 
speaks  not,  and  its  cares  and  sorrows  are  tbrgotten,  and  Nature  wakt^f 
up  the  dead  divinity  within^  and  rouses  the  soul  to  purer  and  noU^| 
purposes.     The  peculiar  haunts  of  the  objects  of  his  search  are  f  ^^ 
on  the  sides  and  summits  of  lofty  mountains,  amitl  the  dark, 
recesses  of  forests;   in  the  bright  bosom  of  rivers,  and  lakt 
water-falls  ;  on  far-off,  unvisited  moors,  where  heaven's  serene  anU  ,  ,.^ 
§ionles8  blue  is  the  only  thing  of  beauty;  and  in  the  mossy  rrtreatt 
of  dell  and  dingle,  where  Titaniaand  her  fays  might  pport  away  ite 
dreamy  noontide  hours.     There  he  ti»ds  the  pictures  which  the 
treasures  most  lovingly ;  and  in  these  by-ways  does  he  gain  the  1 
insight  into  the  mysteries  of  life.     In  thus  penetrating  into  U«  i 
heart  of  Nature,  with  much  toil  and  exertion  it  may  be^  he  seemsl 
win  her  confidence,  and  to  earn  the  right  to  look  into  her  arcane 
minute  contact  and  continued  commune  with  her  alone  in  the 
nesA^  he  feels  In  all  its  fulness  and  depth  the  beautiful  relationship t 
exists  between  the  outer  and  the  inner  life  of  creation.     To  others  I 
landscape  may  be  the  mere  background  of  a  picture,  in  the  for 
of  which  human  figures  are  acting;  to  him  its  charms  are  agencies! 
influences  acting  on  his  heart  and  mingling  with  his  life.     The 
man  in  search  of  game  frequently  wanders  into  regions  that 
primeval  in  their  solitude,  and  where  **  homan  foot  had  ne'er  or  i 
been ; "  but  so  ahsorbing  is  the  pursuit  in  which  he  is  engage*^ 
he  seldom  pauses  to  watch  the  features  of  the  surrounding  steny 
to  notice  combinations  of  objects  and  effects  of  light  and  sh'.uh'  ^^i^'i/^^    • 
Nature  never  displays,  except  in  such  unfrequented  spots.     Bui  ts  iht  ' 
cryptogamist,  on  the  other  hand,  these  very  scenes  of  Nature  !«      ' 
nameless  charm  and  interest  to  the  lowly  plants  he  gathers,  ac  '    " 
ever  after  indelibly  associated  with  them  in  his  memory,  and  b: 
newed  every  time  he  witnesses  their  faded  remains,     Har<ny  1 1 
raent  passes  over  the  solitary  collector  amid  such  seclmJ*  ' 
without  some  grand  effect  being  produced  in  the  fiurrouii 
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flSape,  or  in  the  appearance  of  the  sky  above  him ;  some  wonderfnl 
tiansformation  of  Nature,  as  though  the  spot  where  he  stands  were 
lier  tiring-room,  and  she  were  trying  on  robe  after  robe  to  see  which 
became  her  best ;  some  striking  incident,  which  might  well  inspire 
him  with  the  wish  to  catch  tho  happy  moment,  and  give  it  a  perma- 
nent existence.    Such  are  the  simple,  refining,  and  enduring  pleasures 
which  the  cryptogamic  botanist  enjoys  in  the  pursuit  of  his  favorite 
itady  amid  the  scenes  of  Nature, 
^m  Add  to  all  these  recommendations  this  last  important  advantage, 
^bt  these  plants  can  be  observed  and  collected  without  interruption 
Hboagbont  the  whole  year,  and  in  Bituations  where  other  vegetation 
b reduced  to  zero.     They  can  be  studied  alike  under  the  cloudy  skies 
[December,  as  when  illumined  by  the  sunshine  of  June.     When  the 
rets  and  ferns  have  vanished,  when  the  lights  are  fled,  and  the  gar- 
I  are  dead,  the  deserted  blnquet-hall  of  Flora  is  still  relieved  by 
I  presence  of  these  humble  retainers,  whose  iidelity  is  proof  against 
change  of  circumstance,  and  whose  better  qualities  are  dis- 
when  the  storm  is  wildest  and  the  desolation  most  complete, 
ey  are  no  summer  friends.     As  Ruskin  has  beautifully  observed : 
fufmding  as  motionless,  the  worm  frets  them  not,  and  the   autumn 
not.     Strong  in  lowliness,  they  neither  blanch  in  heat,  nor 
in  &o8t.     To  them,  slow-fingered,  constant-hearted,  is  intrusted 
\  weaving  of  the  dark  eternal  tapestries  of  the  hills  ;  to  them,  slow- 
eilled,   iris-dyed,  the  tender  framing  of   their   endless   imagery. 
ig  the  stillness  of  the  unimpassioned  rock,  they  share  also  its 
ice  \  and  while  the  winds  of  departing  spring  scatter  the  white 
uro-bloBsoms  like  drifted  snow,  and  summer  duns  in  tlie  parched 
'  the  drooping  of  its  cowslip  gold,  far  above  among  the  moun- 
^  th«  silver  lichen-spots  rest,  starlike  on  the  stone,  aud  the  gath- 
]  aringe-6tain  upon  the  edge  of  yonder  western  peak  reflects  the 
9ts  of  a  thousand  years," — Foot-Nbtes  from  ike  Page  of  Nature. 
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IE  are  few  scientific  questions  of  greater  interest  than  the 
inquiry  whether  it  is  possible  to  find  a  means  of  preiiicting  the 
for  a  long  time  in  advance.    In  former  ages  many  attempts 
\  m2/^9  to  solve  this  problem  by  a  reference  to  the  motions  of  the 
Eily  bodies.     Other  methods  of  prediction  were,  indeed,  in  vogue; 
I  am  not  here  considering  ordinary  weather  portents,  or  mere 
Se  ichemes  for  anticipating  the  weather  of  two  or  three  coming 
And,  with  a  few  trifling  exceptions,  depending  on  observations 
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of  plants  and  auimala,  it  is  the  case  tbat  the  only  wide  nileg  for  pre- 
dicting weather  were  based  on  the  motions  of  the  sun  and  moon,  the 
planets  and  the  stars.  It  must  be  remembered  that  even  astronomer 
of  repute  placed  faith,  until  quite  recent  years,  in  the  seemingly  ab^ioid 
tenets  of  judicial  astrology.  We  cannot  greatly  wonder,  therefore,  if 
the  more  reasonable  thesis,  that  tlie  heavenly  bodies  determine  weathe^ 
changes,  was  regarded  with  favor.  Accordingly  we  find  Horrox,  more 
than  two  centuries  ago,  drawing  the  distinction  here  indicated,  where 
lie  says  that,  in  anticipating  "stoim  and  tempeat^^  from  a  conjunctioD 
of  Mercury  with  the  Sun,  he  coLacides  "with  the  opinion  of  the  ai- 
tTologera,  but  in  other  respects  despises  their  more  puerile  vanitiefc" 
We  find  Bacon  in  like  manner  remarking  that  "  all  the  planets  have 
their  summer  and  winter,  wherein  they  dart  their  rays  stronger  or 
weaker,  according  to  their  perpendicular  or  oblique  direction/*  He 
says,  however,  that  "the  commixtures W  the  rays  of  the  fixed 
with  one  another  are  of  use  in  contemplating  the  fabric  of  the  w< 
and  the  nature  of  the  subjacent  regions,  but  in  no  respect  for  predi^ 
tions.^*  Bacon  remarks  again  that  reasonable  astrology  (AstrolopA 
Sana)  "should  take  into  account  the  apogees  and  perigees  of  tbi 
planets,  with  a  proper  incjniry  into  what  the  vigor  of  planets  may  pl^ 
form  of  itself ;  for  a  planet  is  more  brisk  in  its  apogee^  but  more 
municative  in  its  perigee ;  it  should  include,  also,  all  the  other 
dents  of  the  planet's  motions,  their  accelerations,  retardations,  coi 
stations,  retrogradations,  distances  from  the  sun,  increase  and 
tion  of  light,  ecHpses,  etc. ;  for  all  these  things  a^Tect  the  rayt  of 
planets,  and  cause  them  to  act  either  weaker  or  stronger^  or  in  a 
ent  manner*" 

It  is  a  remarkable  circumstance  that  systems  of  weather  pi 
tion  based  on  such  considerations  ware  not  quickly  exploded*  owing 
their  failure  when  tested  by  experience.    Yet  singularly  enough  it 
scarcely  ever  happened  that  any  wide  system  of  interpretation 
been  devised,  which  has  not  l^een  regarded  with  favor  by  its  inrcnti 
long  af^er  it  had  been  in  reality  disproved  by  repeated  instances 
failure.    Tliis  remark  applies  to  recent  systems  as  well  as  to  those 
vented  in  earlier  times.     Within  the  last  twenty  years^  for  examj 
methods  of  prediction  based  on  the  moon^s  movements,  on  the 
junctions  of  the  planets,  and  on  other  I'elations,  have  been 
with  astonishing  perseverance  and  constancy,  in  the  face  of  whal 
eiders  cannot  but  regard  as  a  most  discouraging  want  of  aj 
between  the  predicted  weather  and  the   actual   progress  of 
Here,  as  in  so  many  cases  of  prediction,  we  find  the  justice  of 
aphorism,  "Men  mark  when  they  hit,  and  never  mark  when 
miss,'* 

It  is  noteworthy,  indeed,  that  the  very  circumstance  whicli  aj 
to  present  a  fatal  objection  to  all  schemes  of  prediction  ba?**-^ 
motions  of  the  celestial  bodies,  supplies  the  mean?  of  im^ 
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predictions  have  been  fulfilled.  The  objection  I  refer  to  is  this:  we 
know  ihal  the  weather  ie  seldom  alike  over  very  wide  regions,  while, 
lerertheless,  the  celestial  bodies  present  the  same  a**pect  toward  the 
whole  extent  of  such  regions,  or  an  aspect  e?o  nearly  the  same  as  to 

fggest  that  the  same  conditions  of  weather  should  prevail  if  the 
^ther  really  depended  on  the  position  of  the  heavenly  bodies.  It 
pears,  then,  that  the  inventor  of  a  really  trustworthy  system  must 
h&Te  a  distinct  scheme  for  each  part  of  every  continent — nay,  of  every 
©ountry,  if  not  of  every  county.     This  objection  is  not  taken  into  ac- 

funt,  however,  by  the  inventors  of  systems,  while  the  fact  on  which 
depends  affords  the  means  of  showing  that  each  prediction  has  been 
^filled.     Thus,  suppose '^  bad  weather  and  much  wind''  have  been 
iicted  on  a  certain  day,  and  that  day  is  particularly  fine  and  calm 
i  London.     If  this  were  urged  as  an  objection  to  the  soundness  of  the 
era,  the  answer  would  run  somewhat  on  this  wise  :  *'  Unquestion- 
ly  it  was  fine  in  London,  but  in  North  Scotland  (or  in  France,  or 
,  or  Italy,  as  the  case  may  be)  there  was  very  gloomy  weather, 
in  Ireland  (sappose)  quite  strong  winds  are  reported  to  have  pre- 
bled  in  the  afternoon."    The  readiness  with  which  men  satisfy  thcm- 
irives  in  such  cases,  corresponds  with  that  mischievous  ingenuity 
iherewith  foolish  persons  satisfy  themselves  that  a  fortune-teller  had 
,  bmtold  the  truth,  that  a  dream  had  been  fiilfilled,  a  superstilion  justi- 
fied, and  so  forth* 

The  tendency,  at  present,  among  those  who  are  desirous  of  forming 
»  wheme  of  weather  prediction,  is  to  seek  the  origin  of  our  weather- 
ehaoges  in  changes  of  the  sun's  condition,  and,  by  determining  the 
Uws  of  the  solar  changes,  to  ascertain  the  laws  which  regulate  changes 
ia  the  weather. 

It  may  be  remarked,  in  passing,  that  this  new  phase  of  the  inquiry 
<Joes  not  reject  planetary  infioences  altogether.  The  theory  is  enter- 
tained by  many  well-known  students  of  science  that  changes  in  the 
aondition  of  the  sun  are  dependent  on  tlje  varying  positions  of  the 
nets ;  so  that,  if  it  should  be  estal>lished  that  our  weather-changes 
I  eonneoled  with  solar  changes,  we  should  infer  that  indirectly  the 
Deta  in  their  motions  rule  the  weather  on  our  earth, 
I  propose  now  to  consider  the  evidence  relating  to  the  sun's  influ- 
8,  mnd  to  discuss  the  question  (altogether  distinct,  be  it  remarked) 
ther  a  means  of  accurate  weather  prediction  may  be  obtained  {^ 
i's  influence  be  regarded  as  demouBt rated, 

8re  is  one  strong  point  in  favor  of  the  new  theory,  in  the  fact  that 
be  §un  i«  unquestionably  the  prime  cauBe  of  all  weather  changes.  To 
l^oto  the  words  of  Lieutenant-Colonel  Strange,  an  enthusiastic  advo- 
Keof  Ibe  theory  (and  eager  to  have  it  tested  at  this  country's  charge), 
^Bcrri  can  hardly  be  a  doubt  that  almost  every  natural  phenomenon 
^■oecied  with  the  climate  can  be  distinctly  traced  to  the  sun  as  the 
Hml  dominating  force,  and  it  ia  a  natural  inference  "  (though  not,  as 
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he  Bays,  an  miaroidable  one)  ^  that  tbe  changes,  and  what  we  now 
call  the  tmcertainties  of  climate,  are  connected  with  the  constant  flue^ 
tnationft  which  we  know  to  be  perpetually  occurring  in  the  aun  itself" 
X  may  proceed,  indeed,  in  this  place,  to  quote  tbe  following  wardi|  in 
which  Colonel  Strange  enunciates  the  theory  itself  which  I  am  about 
to  discuss,  and  its  consequences ;  "  The  bearing  of  climatic  ehaii] 
on  a  vast  array  of  problems  connected  with  nayigation,  agricul 
and  health,  need  but  be  mentioned  to  show  the  importance  of 
in  the  Run,  where  they  doubtless  reside,  for  the  causes  which 
these  changes.  It  is  indeed  my  conviction  that,  of  all  the  fields  now 
open  for  fieientifio  cultivation,  there  is  not  one  which,  quite  apart  &«m 
its  transcendent  philosophical  interest,  promises  results  of  such  bigb 
utilitarian  value  as  the  exhaustive  systematic  study  of  the  sun/* 

It  cannot  be  doubted,  I  think,  that,  if  any  thing  like  what  is 
promised  could  be  hoped  for  from  the  study  of  the  sun,  it  would 
matter  of  more  than  national  importance  to  undertake  tbe  task  iji< 
cated  by  Colonel  Strange.  The  expense  of  new  observatories  for  this 
special  subject  of  study  would,  in  that  case,  be  very  fully  repaid.  Ii 
would  be  worth  while  to  employ  the  most  skiliul  astronomers  at  sail' 
riea  comparable  with  those  which  are  paid  to  our  Government  minis^ 
ters ;  it  would  be  well  to  secure,  on  corresponding  terms,  the  adfice 
of  those  most  competent  to  decide  on  the  instrumental  requiremeatl 
of  the  case  j  and,  in  fact,  the  value  of  the  work  which  is  at  present  i 
complished  at  Greenwich,  great  though  that  value  is,  would  sink  ii 
utter  insignificance,  in  my  judgment,  compared  with  the  results  flc 
ing  in  the  supposed  case  from  the  proposed  **  exhaustive  and  syflemtlfc 
study  "  of  the  great  central  luminary  of  the  planetary  system. 

The  subject  we  are  to  discuss  is  manifestly,  therefore,  of  the  tttmost 
importance,  and  cannot  be  too  carefully  dealt  with.  It  would  be  i 
misfortune  on  the  one  hand  to  be  led  by  cai^eless  reasoning  to  undctf^ 
estimate  the  chances  in  favor  of  the  proposed  scheme,  while,  on 
other,  it  would  be  most  mischievous  to  entertain  unfounded 
tions  where  the  necessary  experiments  must  be  of  a  CQStly  nature^  U^ 
where  science  would  be  grievously  discredited,  should  it  be  profrf 
that  the  whole  scheme  was  illusory. 

We  note,  first,  that,  besides  being  **  the  great  dominating  force  "to 
which  all  natural  phenomena  eonuecte<l  with  climate  are  due,  the  lus 
has  special  iniuence  on  all  the  most  noteworthy  variations  of  weatbo. 
The  seasons  are  due  to  solar  influence ;  and  here  we  have  an  iuitaaoe 
of  a  power  of  prediction  derived  from  solar  study,  though  belonging 
to  a  date  so  remote  that  we  are  apt  to  forget  the  fact.  It  seems  aook* 
vious  that  summer  will  be  on  the  whole  warmer  than  winter^tJtfi 
we  overlook  the  circumstance  that,  at  some  epoch  or  other,  this  fid* 
at  least  in  its  relation  to  the  apparent  motions  of  the  sun,  mast  h^n 
been  recognized  as  a  discovery.  Men  must  at  one  time  have  learned^ 
or  perhaps  we  should  rather  say  each  race  of  men  must  at  one  tiait 
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Bre  noticed,  that  the  varying  warmth  on  whit^h  the  processes  of  vege- 
Won  depend,  corresponds  with  the  varying  diurnal  course  of  the  eun. 
lo  Econ  aa  this  was  noticed,  and  so  soon  as  the  periodic  nature  of  the 
ran*fl  varyiog  motions  had  been  ascertained,  men  bad  acqidred  in  effect 
;lie  power  of  predicting  that,  at  particular  times  or  seasouSj  the  weather 
^  the  whole  would  be  warmer  than  at  other  seasons.  In  other  words, 
»oon  as  men  had  recognized  the  period  we  call  the  year,  they  conid 
iict  that  one  half  of  each  year  would  be  warmer  than  the  other 
Simple  as  this  fact  may  seem,  it  is  important  to  notice  it  as  the 
aning  of  weather-prediotion  j  for,  as  will  presently  appear,  it  has 
important  bearing  on  the  more  complex  queBtions  at  present  in- 
TolTed  in  the  prognostication  of  weather  changes. 

^It  became  manifest,  almost  as  soon  as  this  discovery  had  been  made, 
t  the  weather  of  particular  days,  or  even  of  weeks  and  longer  pe* 
riods,  could  not,  by  its  means,  l>e  predicted.  A  week  in  sommer  may 
be  cold,  and  a  week  in  winter  may  be  warm ;  nor,  so  far  as  is  even  yet 
known,  is  there  a  single  part  of  any  year  the  temperature  of  which 
eftD  be  certainly  depended  upon,  at  least  within  the  temperate  zone. 
In  certain  tropical  regions  there  are  tolerably  constant  weather  varia- 
lions ;  bnt,  io  far  is  this  from  being  the  case  in  the  temperate  zones  of 
either  hemisphere,  that  it  is  impossible  to  alB rm  certaioly,  even  that 
danng  a  week  or  fortnight  at  any  given  summer  season  there  will  be 
•  hot  day,  or  that  during  a  corresponding  period  in  winter  there  will 
kone  day  of  cold  weather. 

.  Iieciune  manifest  also,  at  an  early  epoch,  that  terrestrial  condi- 
must  be  intimately  involved  in  all  questions  of  weather,  since 
\  je^T  in  different  countries  in  the  same  latttudea  presents  different 
Inrea^  Such  differences  are  of  two  kinds — those  which  have  a  ten- 
dency to  be  constant,  and  those  which  are  in  their  nature  variable, 
Bor  exmmple,  the  annual  weather,  in  Canadian  regions  having  the  same 
Bge  of  latitude  as  Great  Britain,  differs  always  to  a  very  marked 
Plp^  though  not  always  to  the  same  degree,  from  that  which  pre- 
vails in  this  country ;  here,  then,  we  have  a  case  of  a  constant  differ- 
Hiee  dne  unquestionably  to  terrestrial  relations.  Again,  when  we  have 
i  hot  or  dry  summer  in  this  country,  warm  or  damp  weather  may  pre- 
^1  in  other  countries  in  the  same  latitudes,  and  vice  versa  /  differences 
if  tfii«  Mnd  are  ordinarily  *  variable,  and  in  the  present  position  of 
t^MtherHWience  are  regarded  as  accidental. 

•  I  nm  thiB  quAhfjing  word,  becmuBe  Bome  diffepencea  of  the  kind  are  more  or  less 
R^ail«r.  TtiUB,  when  there  13  a  dry  summer  iti  certain  regions  in  the  west  of  Europe, 
tore  U  ooanuooljr  a  wet  fnimmer  in  easterly  re^onfi  in  the  same  latitude,  and  vice  verta^ 
Is  iDibreiioe  timply  depending  on  the  height  at  which  the  clouds  travel  which  are 
■q^kl  by  IIm  Mmlhwcaterly  counter- trade  vrindd.  When  these  clouds  travel  high^  they 
I  not  give  up  their  molature  until  they  hare  travelled  far  inland  or  toward  the  east; 
pm  tbey  tuard  low,  their  moisture  is  condensed  bo  ftnoo  as  they  reach  the  western 
Li-afopei.  It  Is  not  uncommonly  the  case  again  that,  when  we  in  England  have  dry 
f ,  RTQch  rain  ikila  on  the  Atlantic,  and  our  drought  is  simply  due  to  tbu  fall  of 
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Hitherto,  weather^cience  has  depended  solely  on  the  study  of  1 

terrestrial  effects  as  they  vary  under  Taryiog  conditionB.  Mo 
meteorological  research  is  confined  to  the  record  and  study  of  tl 
actual  condition  of  the  weather  from  day  to  day  at  seleoted  statioi 
in  diflferent  countries.  It  cannot  be  denied  that  the  inquiry  has  ni 
been  attended  with  success.  At  vast  expense,  milHona  of  records  0 
beat,  rainfall,  winds,  clouds,  barometric  pressure,  and  so  on,  have  bee 
secured ;  but  hitherto  no  law  has  been  recognized  in  the  variat 
thus  recorded — no  law,  at  least,  from  which  any  constaat  syste 
prediction  for  long  periods  in  advance  can  be  dedaced. 

On  this  point  I  shall  quote,  first,  a  remarkable  saying  of  Sirl 
MerschePs,  which  appears  to  me,  like  many  auch  sa3ring8  of  h\^  tol 
only  too  applicable  to  the  present  state  of  science.     In  endeayoringl 
interpret  the  laws  of  weather,  "  we  are  in  the  position,"  Herscbel  r© 
marks,  "  of  a  man  who  hears  at  intervals  a  few  fragments  of  a  loog 
history  related  in  a  prosy,  unmethodical  manner.     A  host  of 
fltances  omitted  or  forgotten,  and  the  want  of  connection  betwe 
parts,  prevent  the  hearer  from  obtaining  possession  of  the  ( 
tory.     Were  he  allowed  to  interrupt  the  narrator,  and  ask 
plain  the  apparent  contradictions,  or  to  clear  up  doubts  at  oh 
points,  he  might  hope  to  arrive  at  a  general  view*     The  questions  i 
we  would  address  to  Nature  are  the  very  experiments  of  which  we  I 
deprived  in  the  science  of  meteorology.'* 

The  late  Prof.  Be  Morgan,  indeed,  selected  meteorology  m  i 
subject  on  which,  above  all  others,  systematic  observations  had 
most  completely  wasted— as  a  special  instance  of  the  failure  of  ^ 
true  Baconian  method  (which  ^  be  it  noticed,  is  not,  as  is  so  comn 
supposed,  the  modern  scientific  method).     ^^  There  is  an  attempt  1 
duction  going  on,*'  says  De  Morgan,  "which  has  yielded  little 
fruit,  the  observations  made  in  the  meteorological  observatories^ 
attempt  is  carried  on  in  a  manner  which  would  have  caused 
dance  for  joy"  (query) ;  **for  he  lived  in  times  when  ehanecUore^ 
dance.     Russia,  says  M.  Biot,  is  covered  by  an  army  of  meteor 
with  generals,  high  officers,  subalterns,  and  privates,  witli  fixed  1 
defined  duties  of  observation.     Other  countries,  also,  have  their  I 
tematio  observations.     And  what  has  come  of  it  ?     Nothing,  saj 
Biot,  and  nothing  will  ever  come  of  it:  the  veteran  mathematiciaa(| 
experimental  philosopher  declares,  as  does  Mr.  Ellis  **  (BaeoD'S  I 
rapher),  "  that  no  single  branch  of  science  has  ever  been  fruitfully! 
plored  in  this  way."     A  special  interest  attaches,  I  may  remark^  taj 
opinion  of  M.  Biot,  because  it  was  given  upon  the  proposal  of  the  Ft 
Government  to  construct  meteorological  observatories  in  Algena» 

It  is  well  known  that  our  Astronomer  Royal  holds  a  similar  1 

this  rain  before  the  clondd  from  tbe  southwest  bare  reaobed  os.    Kore  oomnofilf,! 
er^r,  drought  in  Enjrland  is  due  to  tbe  debj  of  tbe  downfall,  in  ootDieqaeaiM  1 
dottdA  from  the  southwest  traTelluig  at  a  greater  beight  tban  luiiaL 
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toiL  De  Morgan  thus  quaintly  indicates  his  interpretation  of  one  par- 
tkttUir  expression  of  Sir  G*  Airy's  opinion :  "  lu  tlie  report  to  the 
Qrecswieh  Board  of  Visitors,  for  1867,  the  Astronomer  Royal,  speak- 
bgof  the  increase  of  meteorological  observatones,  remarks  :  *  Whether 
the  effect  of  this  movement  will  he  that  millions  of  useless  observa- 
tions will  be  added  to  the  millioos  that  already  exist,  or  whether  some- 
thing may  be  expected  to  result  which  will  lead  to  a  meteorological 
theory^  I  cannot  hazard  a  conjecture.'  This  is  a  conjecture,  and  a 
Tery  obvious  one  ;  if  Mr.  Airy  would  have  given  2f  d  for  the  chance 
of  a  meteorological  theory  formed  by  masses  of  observations,  he  would 
never  have  said  what  I  have  quoted." 

The  simple  combination  of  tciTcstrial  con  si  (derations  with  the  effects 
doe  to  the  sun^s  varying  daily  path  havinsj  thus  far  failed  to  afford 
■ay  interpretation  of  the  varying  weather  from  year  to  year,  it  is  nat- 
L^pil  to  inquire  whether  tlie  variations  in  the  sun*s  condition  from  year 
^b year  may  not  supply  the  required  means  of  interpreting,  and  hence 
^ft  predicting,  weather-changes.     We  know  that  the  sunV  condition 
mon  rary,  because  we  sometimes  see  many  large  spots  upon  his  sur- 
&oe«  whereas  at  others  he  has  no  spots,  or  few  and  small  ones.  We  can 
ly  doubt  that  these  variations   affect  the  supply  of  heat  and 
as  well  as  of  chemical  action  and  possibly  of  other  forms  of 
ce;  and  hence  we  are  certainly  deaEng  with  a  vera  causa.,  though 
ether  this  real  cause  be  an  efficient  cause  of  weather-changes  re- 
yet  to  be  determined. 
It  may  perhaps  be  as  well  to  inquire,  however,  in  the  first  place, 
ether  any  peculiarities  of  weather  can  be  traced  to  another  circum- 
which  ought  to  be  at  l^ast  as  efficient,  one  would  suppose,  as 
inges  in  the  sun's  action  due  to  the  spots,     I  refer  to  his  vftry- 
tanoe  from  the  earth.     It  is  known  doubtless  to  all  my  readei"« 
^  in  June  and  July,  although  these  are  our  summer  mouths,  the 
\  £uther  away  than  in  December ;  and  this,  not  by  an  inconsider- 
distance,  but  by  more  than  3,000j^00  miles.     Accordingly,  on  a 
'  day  in  our  hemisphere,  we  receive  much  less  heat  than  is  re- 
p  cm  a  summer  day  in  the  Southern  Hemisphere,     Or,  instead  of 
ipaiing  our  summer  heat  with  summer  heat  in  the  Southern  Hemi- 
?re,  we  may  m,ake  comparison  between  the  quantity  of  heat  received 
.  the  whole  earth  on  a  day  in  Juno  and  on  a  day  in  December, 
way  of  Tiewing  the  matter  is  instructive ;  and  I  believe  many 
readers  will  be  surprised  when  they  hear  what  is  the  actual 
at  of  difference. 
i  We  receive  in  fact,  on  June  ilOth,  less  heat  and  light  than  dwellers 
oar  antipodes  receive  on  December  SOth,  by  the  amount  which 
i  be  lo«t  if  an  opaque  disk,  having  a  diameter  equal  to  one-fourth 
be  § QD^'  came  upon  the  suu^s  face  B,f  seen  on  December  a 0th  at 

i  h  CMlIf  iboini  that  wch  would  he  the  filtt  of  the  imig^ned  black  disk.    For  tho 
t  Tfttkt  inm  about  98,00O,*>OO  miles  to  about  90,000,000^  or  in  the  proper- 
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our  antipodes.    It  need  hardly  be  said  that  do  spots,  whose 
would  be  comparable  with  thoie  produced  by  such  a  disk  of  hlacksfM^ 
ha VI*  ever  been  s^en  upoa  tbe  face  of  the  Bun.     Spots  are  not  black  or 
nearly  black,  even  in  their  very  nucleug.    The  largest  ever  seen  hii 
not  had  an  extent  approaching  that  of  our  imagined  black  diak^  k 
when  the  whole  dinieusions  of  the  spot — nucleus,  umbra,  and  pend 
bi-a — have  been  taken  into  account.     Moreover,  all  round  a  spot  1 
IB  always  a  region  of  iucreased  brightness,  making  up  to  a  great  ( 
gree,  if  not  altogether,  for  the  darkness  of  the  spot  itself.    So  1 
unquestionably  the  summer  heat  in  the  Southern  Hemisphere  exc 
the  summer  heat  in  our  hemisphere  to  a  much  more  nmrked 
than  the  heat  given  out  by  the  sun  when  he  is  without  spots  < 
the  beat  of  a  spotted  sun. 

It  is,  however,  rather  difficult  to  ascertsdn  what  effect  is  toj 
ascribed  to  this  peculiarity.     It  is  certain  that  the  Australian  i 
differs  in  several  important  respects  from  the  European  summer;  1 
it  is  not  easy  to  say  how  much  of  the  difierenoe  is  due  to  the  ] 
ity  wo  have  been  considering,  and  how  much  to  the  characteristic  J 
tinotion  between  the  northern  aud  southern  halves  of  the  earth- 
great  excess  of  water-surface  over  land-surface  in  the  Southern  Ha 
sphere.     It  is  worthy  of  notice,  however,  that  even  in  this  case, 
we  cannot  doubt  that  a  great  difference  must  exist  in  the  solar  i 
at  particular  seasons,  we  tiud  ourselves  quite  unable  to  recognize  i 
peculiarities  of  weather  as  mrtahily  due  to  this  difference. 

I  have  Bpoken  of  a  second  wsfy  of  viewing  the  difference  in  < 
tion,  by  considering  it  as  it  affects  the  whole  earth.     The  resnll  is  I 
ficiently  surprising.    It  has  been  sho^n,  by  the  researches  of  Sir! 
Herschel  and  Pouillet,  that  on  the  average  our  earth  receive* 
day  a  supply  of  heat  competent  to  heat  an  ocean,  260  yards  deep  < 
the  whole  surface  of  the  earth,  from  the  temperature  of  melting  ice  to 
the  boiling-point,     Now,  on  or  about  Jime  30th  the  supply  is  ou«4bt^ 
tieth  less,  while  on  or  about  December  30th  the  supply  is  one-tliiHiftt 
greater.     Accordingly,  on  June  30th,  the  heat  received  in  a 
day  would  be  competent  only  to  raise  an  ocean  261^  yards  deep  livm  . 
the  freezing  to  the  boiling  i^ioint,  w  hereas  on  December  30tb  the  1 
received  from  the  suu  would  so  heat  an  ocean  268}  yards  deep, 
mere  excess  of  heat,  therefore,  on  December  30th,  as  compared  i 
June  30th,  would  suffice  to  raise  an  ocean,  more  than  17  yards  i 
and  covering  the  whole  earth,  from  the  freezing*point  to  the  i 
ature  of  boiling  water  I    It  will  not  be  regarded  as  surprising  if  t 
trial  effects  of  some  importance  should  follow  from  so  noteworthy  I 


tion  of  Si  to  30,    Hene6  tbe  size  of  Us  dUk  Tftries  in  ike  proporticai  of  31  i 
80  times  80,  or  as  061   to  900.     Tbe  defect  of  tbe  bitter  nuiuber  VOO  wnoimti  l»1 
which  ia  about  ii  sixteenth  part  of  ti  '  larger  number.    But  a  blftck  diik  baring  a  i 
icr  cqufd  to  %  qufti-ter  of  the  sun'e  wo  \\A  out  ofT  precuel;  a  siztoenth  t»ui  of  III  I 
and  heat)  which  wod  the  fact  to  b«  proved. 
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9,  not  merely  of  ligbt  and  heat,  but  of  gravitating  force,  of  mag- 
inftuence,  and  of  actinic  or  cLemiial  action,  exerted  upon  the 
earth  m  a  whole.     Accordingly  we  find  that  there  is  a  recognizable  in- 
creMe  in  the  activity  of  the  earth'*9  magnetism  in  December  and  Janu- 
My  slB  compared  with  Jane  and  July,     But,  assuredly  the  effect  pro* 
daoed  is  not  of  such  a  character  as  to  suggest  that  we  should  find  the 
lD6iiu)  of  predicting  weather,  ly  it  were  possible  for  us  now  to  discover 
my  fiolar  law  of  change  resulting  in  a  corresponding  variation  of  solar 
tction  upon  the  earth, 
I        This  leads  us  to  consider  the  first  great  law  of  solar  change  as  dis^ 
■liogaished  from  systematic  variations  like  the  sun's  varying  change 
^k  distance  and  his  varying  daily  path  on  the  heavens.     This  law  is 
j^pat  which  regulates  the  increase  and  decrease  of  the  solar  spots  with- 
in a  period  of  about  eleven  years.     The  sim's  condition  does  not^  in- 
leed,  adimt  of  being  certainly  predicted  by  this  law,  since  it  not  un- 
piently  happens  that  the  sun  shows  few  spots  for  several  weeks 
ther,  in  the  very  height  of  the  time  ot  spot-frequency,  while  on 
i  other  hand  it  often  happens  that  many  and  large  spots  are  seen  at 
ber  times.     NeverthelesSj  this  general  law  holds,  that,  on  the  whole, 
taking  one  month  with  another,  there  is  a  variation  in  spot-fre- 
y,  haviDg  for  its  period  an  interval  of  rather  more  than  eleven 

low,  the  diflference  between  a  year  of  maximum  spot -frequency 
bd  one  of  minimum  frequency  is  very  noteworthy,  notwithstanding 
exceptional  features  just  mentioned,  which  show  themselves  but 
■  short  periods.     This  will  be  manifest  on  the  consideration  of  a  few 
'typical  instances.    Thus,  in  the  year  1837,  the  sun  was  observed  on 
f  days,  during  which  he  was  not  once  seen  without  spots,  while  no 
1  than  833  new  groups  made  their  appearance.     This  was  a  year  of 
mm  spot-frequency.     In  1843,  the  sun  was  observed  on  312  days, 
^  OH' no  less  than  149  of  these  no  spots  could  bo  seen,  while  only  34 
r  groups  made  their  appearance.     This  was  a  year  of  minimum  spot* 
lueney.     Passing  to  the  next  maximum  year,  we  tiud  that  iu  1848 
was  observed  on  2^8  days,  during  which  he  was  never  seen 
.  spots,  while  330  new  spots  made  their  appearance.     In  1855 
1850  together,  he  was  observed  on  634  days,  on  239  of  which  he 
without  ppots,  while  only  62  new  groups  made  their  appearance. 
!  next  maximum  was  not  so  marked  as  usual,  that  is,  there  was  not 
Ld^^oite  a  summit,  if  one  may  so  speak,  to  the  wave  of  increase;  but 
exoMS  of  spot-frequency  was  noue  the  less  decided.     Thus,  in  the 
jcara,  185S-*dl,  the  sxm  was  observed  on  335,  343,  333,  and  322 
an  not  one  0/ which  hs  to<w  spotless^  while  the  numbers  of  new 
■piS  for  these  four  years  were,  respectively,  202,  205,  211,  and  204. 
minimum  in  1867  was  very  marked,  as  195  days  out  of  312  were 
boot  spots,  and  only  25  new  groups  appeared.     The  increase  after 
M  was  unusually  rapid,  siuoe  m  186fi  there  were  no  spotless  days, 


and  224  new  groups  were  §een,  though  the  sun  was  only  obserred  on 
1£»6  days.     The  number  of  spots  iu  1870,  1871,  and  1872,  as  well 
their  niagnitade  and  duration,  has  been  above  what  is  usual,  evenl 
the  period  of  maximum  spot-frequency. 

From  all  this  it  will  be  manifest  tha^  we  have  a  well*marked  peca- 
liarity  to  deal  with,  though  not  one  of  perfect  uniformity,  Nert  to 
the  systematic  changes  already  considered,  this  alternate  waxing  and 
waning  of  spot-frequency  might  be  expected  to  be  efliicient  io  prodtt- 
cing  recognizable  weather-changes.  Assuredly,  if  thiB  ihould  not 
appear  to  be  the  case,  we  should  have  to  dismiss  all  idea  that  the  son- 
spots  are  weather-rulers. 

Now,  from  the  first  discovery  of  spots,  it  was  recognized  that  they 
must,  in  all  probability,  affect  our  weather  to  some  degree.     It  wad 
noticed,  indeed,  that  our  auroras  seemed  to  be  in  some  way  inflaenced 
by  t!ie  condition  of  the  sun's  surface,  since  they  were  observed  to  he 
more  numerous  when  there  are  many  spots  than  when  there  are  few  or 
none.     Singularly  enough,  the  effect  of  the  spots  on  temperatm^  wai 
not  only  inquired  into  much  later  (for  we  owe  to  Casslni  and  Mairaxi 
the  observation  relating  to  auroras),  but  was  expected  to  be  of  mn  op- 
posite character  from  that  which  is  in  reality  produced.     Sir  W.  He^ 
Bchel  formed  the  opinion  that,  when  there  are  most  spots,  the  fmi 
gives  out  most  heat,  notwithstanding  the  diminntion  of  light  wheiv 
the  spots  are.     He  sought  for  evidence  on  tliis  point  in  the  price  of 
^om  in  England,  and  it  actually  appeared,  though  by  a  mere  coinci- 
dence, that  corn  liad  been  cheapest  in  yeftrs  of  spot-frequency,  a  re- 
sult regarded  by  Herschcl  as  implying  that  the  weather  had  been 
warmer  on  the  whole  iu  those  years.     It  was  well  pointed  out,  how- 
ever, by  Arago,  that  "  in  these  matters  we  must  \>e  carefid  ht>w  we 
generalhee  facts  before  we  have  a  very  considerable  number  of  ubser' 
rations  at  our  disposal.^'    The  peculiarities  of  weather  in  a  single  and 
not  extensive  country  like  England  are  quite  insufficient  to  supply  all 
answer  to  the  wide  question  de^lt  with  by  HerscheL     The 
fltatisticB  of  many  countries  must  be  considered  and  compared,    M( 
over,  very  long  periods  of  time  must  be  dealt  with,' 


'  When  Herschel  made  his  res^&rcb<^£  Into  tliia  subject,  the  law  of  fpot^ieqiKiifif  1 
not  beeu  ducovered.    He  would  prob&blj  have  found  m  this  law,  fts  somehatci 
done,  tbe  cipknation  of  the  seTen  year*  of  plenty  and  the  seven  years  of  famine,  tr 
by  the  fnt  kine  andl«in  kioe  of  Jo«pph*8  dream.     For,  if  there  vere  a  peHod  of  < 
yean  in  which  com  and  other  produco  of  the  ground  waxed  and  waned  in  pn 
ftem,  it  would  be  not  at  oil  uiiUkely  that,  when  ever  thii  waxing  and  watiitig  chanced  tot 
usuaually  marked,  there  wotild  re«u1t  two  series  of  poor  and  rich  years  appaproi)/ 1 
log  oirer  fourteen  instead  of  eleven  years.     We  have  seen,  abore,  that  the  war^  of  i 
waxing  aud  spot-waning  are  not  all  alike  in  shape  and  extent.     Whimeverf  then,  •  i 
fnore  niarked  than  usual  came,  we  should  expect  to  find  it  borrowing,  so  Io  rpealc^  I 
in  trough  and  crest,  from  the  wave*  on  either  side.     It  would  require  but  a  year  or  ( 
dthcr  way  to  make  the  wave  range  over  fourteen  years  ;  and  obaerred  ta^U^  < 
the  last  half-eenlury  only,  ahow  this  to  be  no  unlikely  eveak 
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H.  Gautier,  of  Geneva,  and,  later,  MM.  Arago  and  Barratt,  made  a 
eries  of  researches  into  the  tabulated  temperature  at  several  stations, 
and  for  many  successive  years.  They  arrived  at  the  conclusion  that, 
on  the  whole,  the  weather  is  coolest  in  years  of  spot-frequency* 

But  recently  the  matter  has  been  more  closely  scrutinized,  and  it 
has  been  found  that  the  effects  due  to  the  great  solar-spot  period,  al- 
thoagh  recognizable,  are  by  no  means  so  obvious  as  had  been  antici- 
pated. 

These  effects  may  be  divided  into  three  classes:  those  affecting  (1) 
temperature,  (2)  rainfall,  and  (3)  terrestrial  magnetism* 

As  reapectfi  the  first,  it  has  been  discovered  that,  when  underground 
eraperatures  are  examined,  so  that  local  and  temporary* causes  of 
kange  are  eliminated,  there  is  a  recognizable  diminution  of  tempera- 
are  in  years  when  spots  are  moat  frequent.     We  owe  this  discovery 
^to  Prol  C.  P.  Smyth,  Astronomer  Royal  for  Scotland.     The  effect 
is  Tcry  slight ;  indeed,  barely  recognizable,     I  have  before  me,  as  I 
wttte,  Prot  Smyth's  chart  of  the  quarterly  temperatures  from  1837  to 
IW©,  at  depths  of  3j  6,  12,  and  24  French  feet.     Of  course,  the  most 
remarkable  feature,  even  at  the  depth  of  24  feet,  is  the  alternate  rise 
and  fall  with  the  seasons.     But  it  is  seen  that^  while  the  range  of  rise 
and  £all  remains  very  nearly  constant,  the  crest  and  troughs  of  the 
waves  lie  at  varying  levels.     After  long  and  careful  scrutiny  I  find 
,  myielf  compelled  to  admit  that  I  cannot  find  the  slightest  evidence  in 
uhU  of  a  connection  between  underground  temperatures  and  the  eleven- 
r years  period  of  sun-spots.     I  turn,  therefore,  to  the  chart  in  which  the 
Isanaal  means  are  given  ;  and,  noting  in  the  means  at  the  lesser  depths 
'  confusion  worse  confounded  **  (this,  of  course,  is  no  fault  of  Prof. 
5myth*s,  who  here  merely  records  what  had  actually  taken  place),  I 
the  temperatures  at  a  depth  of  24  French  feet.     Now,  neglecting 
•  features,  I  find  the  waves  of  temperature  thus  aiTanged  :  They 
^  down  to  a  little  more  than  46|  degrees  of  the  common  thermometer 
I839-'40  ;  rise  to  about  47f  degrees  in  1847  ;  sink  to  47^  degrees  in 
I;  mount  nearly  to  47}  degrees  again  in  1652-*53  ;  are  at  47  de- 
es in  l856-'57 ;  are  nearly  at  48  degrees  in  1858-'59  ;  then  they 
aeh  47  degrees  three  times  (with  short  periods  of  rising  lietween), 
\  1860, 1864,  and  1867  ;  and  rise  above  47 J  degrees  in  1869.     Now,  if 
f  remember  that  there  were  maxima  of  spots  in  1837, 1848,  l859-'60, 
1870,  while  there  were  minima  in  1843,  and  in  1855-'56,  I  think 
,  will  be  found  to  require  a  somewhat  lively  imagination  to  recognize 
[v^ry  utriking  association  between  the  underground  temperature  and 
»  susi*0  condition  with  respect  to  spots.     If  many  spots  imply  dimi- 
J9D  of  heat,  how  does  it  come  that  the  temperature  rises  to  a  maxi- 
In  1S50,  and  again  in  1869  ?  if  the  reverse,  how  is  it  that  there 
mtritmnm  in  1860?    I  turn,  lastly,  to  the  chart  in  which  the  sun- 
r3%'eft  and  the  temperature- waves  are  brought  into  actual  com- 
jn^  and  I  find  myself  utterly  unable  to  recognize  the  slightest  as- 
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sociation  between  them.    Kevertlieless,  I  would  not  urge  thk  with  fl 
desire  of  in  any  way  throwiog  doubt  upon  the  opmiou  to  which  PrSP 
Smyth  has  been  led,  knowiug  well  that  the  long  and  careful  examina- 
tion he  has  glveu  to  this  subject  in  all  its  details  may  hare  afforded 
ample  though  not  obvious  evidence  for  the  conclusions  at  which  lie 
has  arrived*     I  note,  also,  that,  as  he  points  out,  Mr,  Stone,  director 
of  the  Cape  Town  Observatory,  and  Mr.  Cleveland  Abbe,  director  of 
the  Cincinnati  Observatory,  have  since,  **  but  it  is  believed  quite  inde- 
pendently, published  similar  deductions  touching  the  earth's  tempra- 
ture  in  reference  to  sun-spots."    All  I  would  remark  is,  that  the  e^M^ , 
ifl  very  slight,  and  very  far  from  being  obvious  at  a  first  inspection.  ^H 

Ne^ct  as  to  rainfall  and  wind. 

Here,  again,  we  have  results  which  can  hardly  be  regarded  u 
striking,  except  in  the  forcible  evidence  they  convey  of  the  insijniifi' 
cance  of  the  effects  which  are  to  be  imputed  to  the  great  eles  ^ 
spot  period.  We  owe  to  Mr.  Baxendell,  of  Manchester,  the  mo 
plete  series  of  investigatioos  into  this  subject.  He  finds  that,  at  Ox* 
ford,  during  the  years  when  sun-spots  were  most  numerous^  the  ;ii  "' 
of  rainfall  under  west  and  southwest  winds  was  greater  than  the  a 
under  south  and  southeast  winds ;  while  the  reverse  was  the  ease  ifl 
years  when  spots  were  few  and  smuU.  Applying  correspondiDg  pE^ 
cesses  to  the  meteorological  records  for  St.  Petersburg,  he  finds  til 
a  contrary  state  of  things  prevailed  there.  Kext  we  have  the  erl- 
dencc  of  the  Rev.  R,  Main,  director  of  the  RadcFiffe  Observatory  si 
Oxford,  who  finds  that  westerly  winds  are  slightly  more  common  WM 
sun-spots  are  numerous  than  at  other  times.  And,  lastly,  Mr.  ifl 
drum,  of  Mauritius,  notes  that  years  of  spot- frequency  are  chainc^B 
ized,  on  the  whole,  by  a  greater  number  of  storms  and  hurricanes  tifl 
years  when  the  sun  shows  few  spots.  M 

The  association  between  the  sun-spot  period  and  terrestrial  oiM 
netism  is  of  a  far  more  marked  character,  though  I  must  premise  tlfl 
the  Astronomer  Royal,  after  careful  analysis  of  the  Greenwich  magnifl 
records,  denies  the  existence  of  any  such  association  whatever,  llfl 
i^,  however,  a  balance  of  evidence  io  its  favor.  It  seems  very  iMifl 
demonstrated  that  the  daily  sw^ay  of  the  magnetic  needle  is  g^^^tilH 
when  sun-spots  are  numerous,  that  magnetic  storms  are  someiriH 
more  numerous  at  such  times,  and  that  auroras  are  also  more  odH 
monly  seen.  Now,  it  has  been  almost  demonstrated  by  M.  Marie  Dtn 
chief  of  the  meteorological  division  in  the  Paris  Observ  fl 

weather  is  affected  in  a  general  way  by  magnetic  di^  j 

that  we  are  confirmed  in  the  opinion  that,  indirectly,  if  not  direeUy,jH 
weather  is  affected  to  some  slight  degree  by  the  great  aan-spot  M||H 

Still,  I  muHt  point  out  that  not  one  of  these  cases  of  agreem^^H 
any  thing  like  the  evidence  in  its  favor  wiiich  bad  been  fouud  forS 
association  between  the  varying  distance  of  Jupiter  and  the  6I^H 
changes.    For  eight  consecutive  maxima  and  minima  ihb  assH^^H 
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Eas  been  strongly  marked,  and  niiglit  be  viewed  as  demonstrated — 
only  it  chances,  imfortuiiatcly,  that,  for  two  otJier  cases,  the  relation  is 
^«rec*>e/y  reversed  ;  and,  in  point  of  fact,  whereas  the  period  now  as- 
I^Kgned  to  the  great  sun-spot  wave  is  eleven  years  and  rather  less  than 
'^B»m;  month,  Jupiter's  period  of  revolution  is  eleven  years  and  about  ten 
Hnonths,  a  discrepancy  of  nine  luontba,  which  would  amount  to  five 
and  a  half  years  (or  modify  perfect  agreement  into  perfect  disagree- 
ment) in  seven  or  eight  cycles. 

But,  acceptiog  the  association  between  weather  and  the  sun-spot 
changes  as  demonstrated  (which  is  granting  a  great  deal  to  the  l3e- 
lievers  in  solar  weather-prediction),  have  we  any  reason  to  believe  that 
by  a  long-continued  stndy  of  the  sun  the  great  problem  of  foretelling 
the  weather  can  be  solved  ?  This  qncation,  as  I  have  already  poiuted 
oat,  must  not  be  hastily  answered.  It  is  one  of  national,  Day,  of  cos- 
mopolitan importance.  If  answered  in  the  affirmative,  there  is  scarce- 
ly any  expense  which  would  be  too  great  for  the  work  suggested  ;  but 
all  the  more  careful  must  we  be  not  to  answer  it  in  the  a^rmative,  if 
the  true  answer  should  be  negative. 

But  it  appears  to  me  that  so  soon  as  the  considerations  dealt  with 
>ve  have  been  fairly  taken  into  account,  there  can  be  no  possible 
Dubt  or  difficulty  in  replying  to  the  question.     The  matter  has,  in 
ct,  though  not  in  intention,  been   tested  experimentally,  and  the 
eriments,  when  carried  out  under  the  most  favorable  conditions, 
bave  altogether  failed.     To  show  that  this  is  so,  I  take  the  position 
I     of  affairs  before  Schwabe  began  that  hue  series  of  observations  which 
^Koded  in  the  discovery  of  the  great  apot-pcriod  of  eleven  years.     Let 
^^a  suppose  that  at  that  time  the  question  had  been  mooted  whether 
it  might  not  be  possible,  by  a  careful  study  of  the  sun,  to  obtain  some 
means  of  predicting  the  weather.     The  argument  would  then  have  run 
^as  follows :  "  The  sun  is  the  great  sonrce  of  light  and  heat ;  that  orb 
|Hk  liable  to  changes  which  must  in  all  probability  affect  the   supply  of 
^^ght  and  heat;  those  changes  may  be  periodical,  and  so  predictable; 
and,  as  our  weather  must  to  some  extent  depend  on  the  supply  of  light 
I     and  heat,  we  may  thus  ^^d  a  means  of  predictbg  weather-changes," 
^^The  inquiry  might  then  have  been  undertaken,  and  undoubtedly  the 
Hkreat  spot-period  would  have  been  detected,  and  with  this  discovery 
^wonld  have  come  that  partial  power  of  predicting  the  sun's  condition 
which  we  now  possess — that  is,  the  power  of  saying  that  in  such  and 
such  a  year,  taken  as  a  whole,  spots  ivill  be  numerous  or  the  reverse, 
loreover,  meteorological  observations  conducted  simultaneously  would 
ive  fthown  that,  as  the  original  argument  supposed,  the  quantity  of 
eat  supplied  by  the  sun  varies  to  a  slight  degree  with  the  varying 
oodition  of  the  sun.     Corresponding  magnetic  changes  would  be  de- 
ted  ;  and  also  those  partial  indications  of  a  connection  between 
lenomena  of  wind  and  rain  and  the  sun^s  condition  which  have  been 
Heated  above.    All  this  would  be  exceedingly  interesting  to  men  of 
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Boienoe,  But^  stippoBiog  all  this  bad  been  obtained  at  the  nation^s  ex- 
pense, and  the  promise  had  been  held  out  that  the  means  of  predictii)^ 
weather  would  be  the  reward,  the  non-scientific  tax-paying  commanitf 
might  not  improbably  inquire  what  was  the  worth  of  these  disooveriea 
to  the  nation  or  to  the  world  at  large.  Be  it  understood  that  I  am  oot 
here  using  the  cui-bono  argument.  As  a  student  of  science,  I  utterly 
repudiate  the  notion  that,  before  scientific  researches  are  undertakto, 
it  must  be  shown  that  they  will  pay.  But  it  is  one  thing  to  adept 
this  mean  and  contemptible  view  of  scientific  research,  and  quite  an* 
other  to  countenance  projects  which  are  based  ab  initio  upon  the 
ground  that  they  will  more  than  repay  their  cost.  Now,  I  think,  if 
the  nation  made  the  inquiry  above  indicated,  and  under  the  circuiB- 
stances  mentioned,  it  would  be  very  difficult  to  give  a  satislactorf 
reply.  The  tax-payers  would  say  :  **  We  have  supplied  so  many  iboilN 
sands  of  pounds  to  found  national  obsen^atories  for  the  cuUiyation 
the  physics  of  science,  and  we  liave  paid  so  many  thousands  of  pom 
yearly  to  the  various  students  of  science  who  have  kindly  given  tbi 
services  in  the  management  of  these  observatories ;  let  us  hear  what 
are  the  utilitarian  results  of  all  this  outlay.  We  do  not  want  to  hear 
of  aoientifio  discoveries,  but  of  the  promised  means  of  predicting  tfce 
weather.^*  The  answer  would  be  :  "  We  have  found  that  storms  in  the 
tropics  are  rather  more  numerous  in  some  years  than  others,  the  varia- 
tions having  a  period  of  eleven  years ;  wo  can  assert  pretty  confidents 
that  auroras  follow  a  similar  law  of  frequency ;  southwest  winds  bloll 
more  commonly  at  Oxford  but  less  commonly  elsewhere,  when  the  suH 
spots,  following  the  eleven-year  period,  are  at  a  maximum  *  and  more  rd 
falls  with  southwesterly  winds  t!ian  with  southeasterly  winds  at  OxfoXH 
and  elsewhere,  bat  less  at  St.  Petersburg  and  elsewhere,  when  sua 
apots  are  roost  numerous,  while  the  reverse  holds  when  the  spots  wM 
rare."  I  incline  to  think  that,  on  being  further  informed  that  tbmt 
results  related  to  averages  only,  and  gave  no  means  of  predictiDg  ill 
weather  for  any  given  day,  week,  or  month,  even  as  respects  the  uiilM 
portant  points  here  indicated,  the  British  tax-payer  would  infer  tliat  ll 
had  thrown  away  his  money.  I  imagine  that  tbe  army  of  observers  vM 
had  gathered  these  notable  results  would  be  disbanded  ratlier  unocM 
moniously,  and  that  for  some  considerable  time  soieDce  (as  c^^UDectefl 
at  any  rate,  with  promised  **  utilitarian  '*  results)  would  stink  in  til 

'  nostrils  of  the  nation.  m 

But  this  is  very  far,  indeed,  from  being  all.  Nay,  we  may  almoM 
say  that  this  is  nothing.  Astronomers  ktiow  the  great -iipot-f)eriofl 
they  have  even  ascertained  the  existence  of  longer  and  shorter  perioM 
less  marked  in  character;  and  they  have  ascertained  the  law»  accodi 
ing  to  which  other  solar  features  besides  the  spots  vary  in  their  natitffl 
It  is  certain  that  whatever  remains  to  be  discovered  must  be  «f « 
vastly  less-marked  character.     If,  then,  the  discovery  of  ihr  flMH 

HCiiking  law  of  solar  change  has  led  to  no  results  having  tbt  sUglklM 
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lue  in  eonnectioii  witli  the  problem  of  weather-prediction,  if  periodic 
^lar  changes  of  a  less  marked  character  have  been  detected  which 

ftve  no  recognizable  beariug  ou  weather-changes,  what  can  be  hoped 

[»m  the  recognition  of  solar  changes  atill  more  recondite  in  their  na- 
ire  ?  It  is  incredible  that  the  complex  phenomena  involved  in  me- 
Borological  relations  regarded  as  a  whole,  those  phenomena  which  are 

It  just  diacemibly  affected  by  the  great  aun-spot  period,  should  re- 
pond  to  changes  altogether  insigniticant  even  when  compared  with 
be  development  and  decay  of  a  single  small  snn*spot.  It  appears  to 
He,  therefore,  that  it  is  the  duty  of  the  true  lover  of  science  to  indi- 
Ite  the  futility  of  the  promises  which  have  been  mistakenly  held  out; 
Df  it  cannot  be  to  the  crediJt  of  science,  or  ultimately  to  its  advantage, 
'  government  assistance  be  obtained  on  false  pretences  for  any  branch 
scientific  research. 
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THE  anticipations  with  regard  to  the  appearance  made  by  Orien- 
tals at  Yienna  will  be  realized  to  the  full,  and  doubtless  the 
ontact  between  the  East  and  West  will  prove  of  mutual  advantage. 
fifcot,  the  peculiarly  happy  situation  of  the  Austrian  capita!  has  not 
ttly  given  this  Exhibition  its  distinctive  character,  but  has  developed 
proportions  in  a  degree  that  has  falsified  all  the  original  calcula- 
»Qfl,  It  8000  became  evident  that  circumstances  would  take  it  out 
the  category  of  those  which  had  preceded  it ;  that  it  might  open 
markets  which  were  practically  limitless,  and  that  it  would  throw 
and  valuable  lights  upon  hackneyed  and  familiar  subjects.  It 
I  seen  that  it  would  reproduce,  on  an  immeasurably  greater  scale, 
«ach  cosmopolitan  gatherings  of  traders  as  assembled  at  the  great  fairs 
of  Leipsic  or  Nijni-Kovgorod ;  that  it  would  drag  into  open  day  the 
rarer  contents  of  Oriental  bazaars,  and  expose  them  side  by  side  with 
be  goods  produced  in  Western  manufactories  and  sold  by  Western 
aopkeepers*  There  would  be  unrivalled  opportunities  of  making 
comparisons  and  drawing  conclusions^  of  learning  practical  lessons  and 
exploding  antiquated  prejudices.  So  it  seems  likely  to  prove;  nor 
will  either  half  of  the  world  have  much  reason  to  triumph  over  the 
other.  We  need  not  advertise  the  wonders  of  our  Western  civiliza- 
tioo.  If  we  are  not  much  in  the  way  of  boasting  of  them  as  against 
the  benighted  East,  it  is  suaiply  because  we  enjoy  the  serene  self-com- 
placency of  indisputable  superiority.  To  a  certain  extent  we  are  jus- 
tified by  the  results  of  a  rapid ly-accelerating  progress,  which  shows 
itself  in  the  swift  growth  of  our  material  prosperity.  We  work  at  the 
highest  pressure ;  we  invoke  science  to  our  assistance,  and  foster  a 
rivalry  that  drives  invention  forward  at  express  speed ;  we 
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multiply  labor  by  the  introduolian  of  meobamcal  improvements  j  ftad 
T^e  supply  our  bomes  with  luxuries  that  have  become  necessaries  at 
extraordinarily  economical  rates*     In  short,  we  produce  quickly  aad 
csheaply,  and  in  all  that  relates  to  action  we  leave  the  dreamy  East  tm^ 
measurably  behind,  as  the  Easterns  are  ready  enough  to  ackno^^ ' 
and,  for  the  most  pa^t,  rather  with  commiseration  than  envy,     i 
the  other  hand,  in  much  that  is  highest  and  most  perfect  in  art  we  are 
the  scholars  and  they  the  teachers.     Our  best-informed  and  ma*t  *rx* 
perienced  technical  and  practical  men  are  the  most  ready  to  acknowl- 
edge this.     It  \^  not  wealthy  connoisseurs  and  capnclous  diUU4xi\li 
who  lounge  about  the  courts  of  Japan,  China,  and  Turkey,  cheapening 
the  strangely  attractive  wares  which  are  exposed  by  the  merchaoU 
from  those  distant  countries.     It  is  the  European  manufacturers  a^ta 
tradesmen — eBpecially  the  English — who  rush   into  the   Eastern  jH 
partmentSy  eagerly  bidding   against  each  other  for  every  thing  tbjit 
strikes  their  fancy*     This  is  one  of  the  most  characteristic  features 
of  the  Vienna  Exhibition.     On  no  previous  occasion  of  the  kind  has  . 
tliere  been  such  wholesale  buying  and  selling  in  the  very  earliest  tli^H 
and  the  traffic  goes  forward  most  briskly  in  the  Oriental   quaruiP^ 
As  yet,  Japan  has  not  cleared  her  goods  at  the  custom-houfie ;  Chba 
has  scarcely  imported  the  better  part  of  hers.     Those  countricis  caft- 
not  as  yet  pretend  to  set  a  price  upon  their  wares,  while  the  prio« 
fixed  by  the  Persians  seem  high  enough  in  all  conscience,  and  the 
Ottomans  are  following  suit  after  the  time-honored  fashion  of  Easten 
dealers.     Yet  already  the  choicest  of  the  Persian  prayer-carpets  tif 
snatched  up  at  the  high  prices  set  upon  them ;  the  best  of  the  Ja^ 
anese  porcelain,  bronzes,  cloisonne  ware,  and  silks,  have  been  sold 
several  times  over,  the  charges  being  left  to  the  conscience  of  the  ooni' 
missioners,  and  the  cards  of  the  fortunate  purchaser   lying  ^ 
fragments  of  the  torn  tickets  that  had  been  affixed  by  rejected  hv 
while  even  in  Turkey  and  Tunis,  which  come  far  behind  Japan  and 
Persia  iu  taste  and  quality  of  workmanship,  many  of  the  goods  hafi 
changed  owners  already,  the  Prince  of  Wales  being  among  the  eaf&il  ^ 
and  most  considerable  buyers. 

The  truth  is,  the  more  closely  we  look  into  the  special  prodti'*^''^** 
of  the  East,  the  more  we  recognize  its  incontestable  superi*' 
design  and  color,  and  in  perfection  of  form  and  6nish.     The  OricaUii 
have  plenty  of  time,  no  doubt,  and  do  not  grudge  it ;  they  can  alfefd 
to  work  leisurely  and  carefully  where  w©  must  ecx>Bonii£e  labor  kf  i 
the  rapidity  of  our  processes  and  the  multiplymg  power  of  our  IB^  i 
chinery.     But  then  they  have  taste  as  well^  and  a  taste  which  ts  dUlf  1 
than  schools  of  art,  and  seems  nearly  independent  of  technical  ^nel^  i 
tion.     Compare  the  graceful  turbans  and  draperies  of  the  Qritfrfll 
with  the  stiff  **  chimney-pot,"  cutaway,  and  trousers  of  the  Fraak 
The  latter,  although  open  to  criticism  even  as  convenient  wear,  i<iM^ 
less  look  more  like  business.    They  give  the  idea  of  stripping  <*4ki 
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i^r  a  hard  day's  work,  and  suggest  readiness  to  answer  the  calls  of 

ty  emergency.  They  are  turned  out  oompai-atively^clieaply  to  cut- 
d-dry  patterns.  The  former  are  the  signs  of  a  languid  yet  not  un- 
firuitfal  existence.  But  they  express  the  intuitive  gracefulness  of  ideaa 
evolved  in  a  calm  fulness  of  thought  that  will  not  be  hurried ;  they 
jhow  an  originality  and  versatility  of  faney  whose  inspirations  may 
^P^ve  been  sought  in  the  dreamy  fumes  of  opium«  Go  to  the  remotest 
jfeist  of  Asia,  seek  the  Oriental  on  his  own  proper  ground,  and  you 
seldom  take  him  at  a  disadvantage.     In  his  own  unpretending  way, 

K\  peasant  who  weaves  mats  of  hamboo  or  monlda  vessels  of  common 
y  in  his  retired  village  is  as  much  of  an  artist  as  the  skilled  work- 
n  of  Yeddo  who  lacquers  cabinets  in  the  most  delicate  plaques  of 
•Tciieer,  or  chases  the  bronze  incense-bnmers  that  are  to  swing  in  the 
^ttnplea.  When  tbc  Oriental  breaks  down  is  when  he  takes  to  imi- 
^Bing  the  European,  as  he  has  begun  to  do  in  these  latter  days.  The 
Tapanese  sometimes  turn  fi-om  their  own  beautiiiil  specimens  of  Kago 
and  Satsuma  porcelain  to  reproduce  the  fashions  and  colors  of  Parisian 
and  English  crockery,  while  the  Turks  back  their  clumsy  machinery 
against  the  looms  of  Mancester  in  calicoes  and  cottons.  Happily  these 
follies  of  imitation  are  as  yet  rare ;  and  probably  the  profits  of  this 
novel  trade  will  not  encourage  the  enterprising  imitators  to  persevere. 
The  East  has  much  to  learn  from  the  West,  and  the  lessons  that  ^vill 
prove  of  most  service  to  it  go  to  the  very  groundwork  of  its  society. 
It  has  yet  to  be  enlightened  as  to  the  advantages  of  civil  and  religious 
erty  and  education,  the  value  of  time,  and  the  neccBsity  of  system 
method.  All  this  it  is  now  learning,  and  in  some  matters  of  de- 
its  education  is  going  on  only  too  rapidly.  Doubtless  sooner  or 
er  it  will  come  to  our  markets  for  machinery  which  will  enable  it  to 
at  home  what  it  imports  at  present  from  abroad.  But  some  of 
t  tentative  advances  in  this  direction  are  premature  and  injudicious, 
U>  iay  the  least,  and,  judging  by  certain  samples  of  its  imitative  skill, 
it  seems  inclined  to  precipitate  a  competition  whose  unfortunate  re- 
mits in  price  and  quality  may  cause  it  permanent  discouragement. 

However,  it  Is  not  our  purpose  now  to  discuss  the  points  on  which 
we  may  teach  the  Orientals,  but  rather  to  glance  at  some  of  those 
niiere  we  are  the  scholars.     There  is  a  great  deal  in  the  Eastern  de- 
partments of  the  Vienna  Exhibition  which  is  chiefly  interesting  as 
showing  their  relative  backwardness.      Some  of  them,  for  instance, 
send  complete  samples  of  their  cereals  and  vegetable  productions,  and 
HU  these  are  curious  as  illustrating  the  advantages  of  soil  and  climate 
^Kch  yield  them,  in  spite  of  the  most  backward  husbandry  and  the 
Hbst  primitive  implements,  returns  of  twenty,  fifty,  or  a  hundred  fold. 
Biit  only  turn  to  their  show  in  the  arts,  and  some  of  them  may  almost 
iet  criticism  at  defiance.     By  general  consent,  and  beyond  all  com- 
;>ariBon^  the  first  place  must  be  assigned  to  Japan.     The  Japanese 
does  most  things  unlike  the  rest  of  the  world.    His  method  of  Imii- 
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dling  his  tools  is  precisely  the  opposite  of  oars.     He  draws  his  plane 
toward  him,  works  his  saw  in  the  reverse  direction,  taps  with  the  bide 
of  his  queer  hammer,  and  handles  his  quaintly-chased  graving  toel  in 
a  way  at  which  an  English  workman  would  stare.     Yet,  whether  be 
is  laying  the  bIj ingles  on  the  roof  of  a  cottage,  or  chasing  one  of  thw&e 
wonderfully  elaborate  casketft  in  metal- work^  what  English  workman 
can  approach  him  ?     His  ideas  discover  an  endless  originality ;  iD<li- 
viduai  impulse,  rather  than  education,  seems  to  inspire  his  fancy,* al- 
though  it  may  work  according  to  received  traditions  of  the  quaint  or 
beautiful  j  and,  look  where  w^e  will  through  a  most  miscellaneous  eol- 
lection,  we  can  scarcely  see  a  trace  of  servile  repetition.     In  his  pic- 
torial art  he  can  conirey  a  world  of  expression  and  suggestion  ia  th^ 
very  smallest  number  of  touches.    Yet  when  it  pleases  him  to  fii    ' 
when  he  is  painting  on  bis  delicate  porcelain,  he  ia  scarcely  to 
passed  in  haimonious  minuteness.     As  for  4iis  colors,  you  may  piuile 
out  his  secret  if  you  can ;  at  least  he  shows  you  in  an  o}ien  cago  the 
chemicals  which,  as  he  professes,  form  his  ingredients.     All  that  cin 
he  said  is,  that  none  of  the  numerous  attempts  at  imitation  ha'/ 
proved  to  be  any  thing  approaching  a  success.    That  strange  suj 
ity  in  color,  not  only  in  the  tints,  but  in  their  management,  is  to  be  f^ 
marked  in  every  one  of  the  Oriental  courts.     The  silks  of  China 
even  those  of  Japan,  in  their  bright  blues  and  gorgeous  crimsons; 
for  softened  brilliancy  and  exquisite  delicacy  of  blending,  the  PezBua 
carpets  are  confessedly  unequalled^     The  invariably  subdued  beaaty 
of  these  patterns  argues  something  more  than  great  mechanical  per* 
fection  in  the  arts  of  color-making  and  dyeing.     It  is  proof  of  a  gea* 
era!  purity  of  taste  on  the  part  of  the  Oriental  purchasers  for  whom 
the  fabrics  were  originally  intended ;  for,  although  many  of  the  besi 
may  now  be  consigned  to  Europe,  the  manufacture^  precisely 
see  it,  has  been  practised  from  time  immemorial ;  there  are  car] 
the  Exhibition  called  modem  by  comparison,  although  they  may  <hil« 
back  for  a  century  or  so,  and  these  are  of  patterns  exactly  similar  ta 
the  latest  ones.     In  every  thing  exhibited  from  China  and  Persia,  the 
work  is  almofit  invariably  good,  and  the  designs  felicitous ;  alt^ 
except  in  certain  specialties,  they  cannot  vie  with  Japan,  yet        , 
now  and  then  one  stumbles  upon  something  that  ia  extremely  licdiiiti* 
ful  in  art.    ^o  much  can  hardly  be  said  of  Turkey.     Turkey 
very  imposing  display;  the  Sultan  eoutributed  £100,000  toward  1 
Ing  the  collection,  and  some  of  the  great  merchants  in  Constautioop 
Smyrna,  and  elsewhere,  have  apparently  done  their  best  to  adv< 
themselves.     There  ia  a  good  deal  shown  in  Turkey,  as  well  at  i 
Tunis,  that  would  have  attracted  great  adnuration  had  there  been  • 
Japan  and  no  China  to  provoke  unfavorable  comparison^     The  1 
TWkey  carpets  can  scarcely  be  said  to  be  satisfactorily  re| 
Tlie  very  best,  beautiful  as  the  texture  is,  fall  far  short,  even  in  ih 
reepecta  of  the  Persian ;  while  the  contrasts  displayed  Uk  Uid 
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\  Turkish  patterns  are  too  often  disagreeably  violent.     But  for  tlie 
at  part  the  carpets  exhibited  are  of  a  very  ordinary  class  indeed. 
inlaid  mc^queterie  and  cabinet-work  seems  nide  in  design  and 
eoarse  in  execution,  if  we  measure  it  against  the  Japanese  standards* 
The  carved  olive-wood  from  Jerusalem  recalls  the  pedlers*  hawking 
Bods  made  for  sale  at  the  doors  of  the  Holy  Sepulchre.     Here  and 
Sere  are  some  exquisite  anus  among  many  that  are  inferior-  but  even 
the  very  best  of  them  are  excelled  by  the  Persians.     Tliere  are  grace- 
ful shapes  in  the  pottery,  but  they  are  not  unfrequently  marred  by  de- 
lects in  the  workmanship.     There  is  a  great  collection  of  figures  in  the 
▼arious  national  costumes^  and  the  dresses  strike  one  as  being  some- 
what incongruous.     On  the  whole,  the  only  articles  in  which  Turkey 
fy  be  said  to  show  to  decided  advantage  are  some  extremely  rich 
niture  stuffs,  the  choicest  of  which  seem  to  have  been  already  sold 
removed,  and  the  dyed  morocco,  which,  in  its  vividness  of  color, 
ihaniiefl  any  thing  that  can  be  shown  by  the  TVest.     It  must  be  re- 
membered, however,  that  the  Turk  gives  almost  as  many  months  to 
the  dyeing  process  as  the  European  allows  days*     Taste  apart,  we 
may  perhaps  console  ourselves  for  the  inferiority  which  we  must  con- 
ieis  by  repeating  that  facta  like  this  deliberate  process  of  dyeing  fur- 
ibh  the  key  to  much  of  the  Oriental  excellence,     '^ime  is  of  no  value 
in  the  Eaflt,  and  patience  and  indefatigable  perseverance  have  always 
li*en  the  willing  handmaids  of  their  arts  and  manufactures. — Saturday 
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healthy  human  body  has  a  temperature  which  varies  but  little 
either  way  from  99°  Fahr.    The  heat  required  to  maintain  this 
bperatare  is  derived  from  the  oxidation  within  the  body  of  the  ele- 
at§  of  the  food.     In  other  words,  our  bodies  are  furnaces  ;  the  food 
^take  in  the  fuel  which  supplies  the  furnace,  and  the  air  we  breathe 
f  draught  that  keeps  the  combustion  going.     The  amount  of  heat 
I  ei'olved  is,  in  health,  always  in  excess  of  that  needed  to  maintain 
\  required  temperature.     There  is,  therefore,  a  constant  overplus,  a 
;  of  which  is  converted  into  mechanical  work,  while  the  remainder 
ipe«  i«  watte,  partly  along  with  the  matters  passing  out  of  the 
ly  through  the  lunfrs,  kidneys,  and  skin,  and  partly  by  the  pro- 
of rouduction  and  radiation, 

estimating  the  morbid  effects  of  external  beat  upon  the  living 
ly,  this  waste   requires   to   be   taken  into  account,  as  its  fluctna- 
»,  through  the  operation  of  surrounding  conditions,  have  much  to 
vol*,  lu.— ^8 
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do  with  the  regulation  of  the  body-temperature.  If,  by  exposure  to 
cold,  for  exaraple,  heat  is  lost  more  rapidly  from  the  surface  than  it  is 
supplied  within,  its  warmth  must  decrease,  and  there  needs  but  s 
few  degrees  of  fall  to  induce  disease ;  on  the  other  hand,  if,  by  ex- 
posure to  external  heat,  loss  from  the  body  is  impeded,  its  tempera- 
ture rises,  and  disease  again  results. 

In  hot  climates,  or  during  the  hot  season  in  temperate  latitodet, 
we  are  in  contact  with  an  atmosphere  which  frequently  attains  a  tem- 
perature nearly  or  quite  equal  to  that  of  the  body ;  and,  at  each  timd^ 
our  sensations  tell  us  that  we  are  losing  heat  less  easily  than  during 
the  cooler  portions  of  the  year.  But,  when  thus  exposed,  the  extensiTB 
evaporating  surfaces  of  tbe  lungs  and  skin  are  called  into  more  actiTV 
play ;  and,  if  the  air  is  of  average  dryness,  heat  is  rapidly  thrown 
off  by  perspiration,  the  loss  being  so  nicely  adjusted  that  a  aoi- 
fonn  temperature  of  99^*  Fahr.  is  continuously  maintmned.  This  belt* 
regulating  function  of  the  organism  is  one  of  the  mart'els  of  ph3nici' 
ogy.  In  spite  of  the  vicissitudes  of  climate  and  season,  it  ever  boIcU 
the  temperature  at  a  uniform  degree,  and,  even  under  the  stress  of  higfc 
artificial  heat,  is  able  to  keep  the  balance  comparatively  unchaagvd. 
Blagden  and  Fordyce  exposed  themselves  in  an  oven  to  a  heat  of 
260°  Fahr,,  without  serious  inconvenience,  and  with  but  a  slight  rise 
of  temperature.  But  the  air  was  dry,  and  the  heat  was  kept  dtmTi  by 
perspiration.  The  subBtitution  of  moist  for  dry  air  in  the  ov' 
dered  evaporation,  and  the  temperature  of  the  body  rose  ra; . . ;. 
With  this  hasty  sketch  of  the  beat-producing  and  heat-regubliojt 
functions  of  the  animal  economy,  we  pass  to  a  brief  consideralioo 
some  of  the  more  important  ill-effects  resulting  from  the  action  of 
cessive  heat  ou  the  conditions  of  health  and  on  the  body  itselt 

High  temperature  is  a  powerful  aid  to  decomposition.     Dead 
ganic  matter,   under   its  influence,  speedily  decays,   giving    riw 
foul   and   poisonous   products   which,  escaping  into  tlie  atQios| 
find  their  way,  sooner  or  later,  into  the  system.     Her«  they 
various  forms  of  mischief.      Like   sulphuretted  hydrogen  ga«» 
may  be  directly  poisonous,  or,  like  carbonic-acid  gas,  may  aci 
diluting  the  air,  and  so,  by  reducing  tbe   normal  supply  of  oij 
interfere  with  the  due  oxygenation  and  purification  of  th«?  blooiL 
filth  of  towns  is  always  highly  charged  with  organic  matter,  and 
when  rapidly  decomposing  in  the  heats  of  summer,  has  long  been 
nized  as  a  prolific  source  of  disease. 

Decaying  vegetable  matter  in  the  soil  is  held  to  be  the  sourfli 
malarial  poison ;  and  here,  again,  if  moisture  is  present,  d<M^y  fil 
ways  ha!*tened  and  increased  by  excessive  heat.  So  grt^iil,  in  f 
opinion  of  Dr.  Parkes,  is  the  influence  of  heat  on  the  de%  eluj^ni* 
and  spread  of  malarious  disease,  that,  in  selecting  a  residenc*?  irW 
view  to  escaping  its  effects,  he  recommends  that,  in  tropical  eomill 
the  point  be  1,000  ox  1,500  feet  higher  above  the  souroe  oj  thft 
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"i8  required  in  temperate  latitudes.  The  remittent  form  of  mala- 
fevera,  according  to  Dr.  Maclean,  "is  most  prevaient  aw d  fatal 
ere  high  temperatures  and  malaria  act  in  combination."  The  same 
bority  also  says  :  "  I  have,  iu  a  great  many  instances,  observed  in- 
Dermtt tents  pass  at  once  into  a  severe  type  of  the  remittent  form,  ap- 
parently from  no  other  cause  than  the  descent  from  comparatively 
sool  and  elevated  regions  into  the  heated  plains,  and  this  under  cir- 
Bums  lances  where  there  was  no  reason  to  believe  that  the  sufferers 

rbeen  again  exposed  to  malaria." 
In  the  production  and  spread  of  cholera,  and  yellow  fever,  exces- 
iive  heat  also  has  an  important  share.  Both  are  most  intimately  asso- 
ciated with  decompoBing  filth  ;  both  are  conveyable  by  the  putrefying 
Itoolfl  of  the  sick,  and  both  flourish  most  in  hot  climates  and  hot  sea- 
HIS.  In  the  case  of  cholera,  the  bad  effects  of  extreme  heat  are  abun- 
■ptly  shown  by  what  has  been  observed  in  the  tropics.  ^^  lu  Ben- 
Hj,^' says  Dr.  Goodeve  (Reynolds's  **  System  of  Medicine,"  vol  L,  p. 
lO),  **the  hot  seasons,  including  the  hot,  and  dry,  and  rainy  seasons, 
Mre  witnessed  the  worst  epidemics,"     The  most  fatal  cholera  months, 

■  both  tropical  and  temperate  countiles,  are  found  between  April 
Bd  Se|iteniber,  Among  European  troops  in  Bombay,  according  to 
^.  Ewart^s  tables,  which  cover  a  period  of  eight  years,  more  than 
B  per  cent,  of  the  cases  treated  in  tlm  six  months  from  April  to 
Hptember  died,  while  but  little  over  10  per  cent,  of  the  cases  treated 
■the  other  six  months  of  the  year  were  fatal  That  the  disease  oc- 
■rs  in  winter  is  undoubted,  but  that  it  is  much  leRS  genera!  and  severe 

■  equally  true.  Yellow  fever^  though  resembling  cholera  in  many 
Kys,  is  imlike  it  in  this — a  temperature  of  70**  or  72°  Fahn  is  abso- 
■ely  requisite  to  its  development  and  propagation,  and  the  occur- 
Kce  of  frost  at  once  puts  an  end  to  its  ravages. 

H  Heat  also  contributes  largely  toward  the  production  of  diarrhcea, 

■  more  common  form,  in  recognition  of  this,  taking  the  name  of 
^mmer  complaint.  The  disease  is  far  more  common  and  more  fatal 
^^^than  in  cold  climates,  and  in  the  summer  season  of  temperate 
^Plks  than  in  the  winter.  Putrefying  organic  matter,  held  in  sus- 
Hlftlon  in  drinking-water,  is,  according  to  Dr,  Parkes^  one  of  the  most 
Hgunon  causes  of  diarrhoea,  and  this  condition  of  the  water  is  very 
■quent  in  summer,  and  comparatively  rare  in  winter, 

■  In  all  the^e  instances  heat  appears  to  act  not  so  much  upon  the 
■dy  itself  as  upon  the  various  external  agencies  influencing  health. 
mk  to  bad  conditions  what  fire  is  to  powder.  If  the  match  is  with- 
Hd,  the  powder  is  harmless ;  but,  as  the  two  are  liable  to  come 
Hctbcr,  we  secure  safety  by  removing  the  magazine.  So  the  prea- 
^k  of  fllth  in  water,  in  soil,  and  above-ground,  may  be  ionocu- 
B  by  itself,  but  let  the  action  of  heat  touch  it  off  into  dccompo- 
Wf^  and  we  at  once  get  the  effects  in  the  shape  of  disease.  Heat 
Hi  sids  this  pollution  of  both  air  and  water,  keeps  alive  and  active 
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the  germs  of  disease  in  the  excreta  of  the  sick^  and  in  both  ways  fjiroff 
the  spread  of  eontagion. 

It8  direct  action  upon  the  person  becomes  most  apparent  when 
some  of  tbe  functions  are  going  wrong.  When  the  body  is  healUijt 
and  proper  prtcautions  are  taken  in  its  management,  there  is  little  lo 
tear  from  exposure  to  beat.  Observers  in  tropical  countries  tell  as  thit 
excessive  beats  are  borne  with  impunity  by  the  healthy,  and  that  it  ii 
moHtly  those  who  are  either  temporarily  or  chronically  out  of  order 
that  eventually  suffer*  Kot  that  the  body  can  bear  unlimited  exposure 
to  great  heat,  any  more  than  it  can  endure  continuous  exertion,  bnt 
that  it  is  capable  of  maintaining  itself  under  even  exceasive  heat,  if 
the  exposure  is  not  too  prolonged.  When  its  powers  are  impaired  by 
some  local  or  con>ilitutional  cornphiint,  however,  and  it  is  Jess  able  to 
do  tbe  extra  work  which  the  influence  of  excessive  heat  imposes,  ihen 
is  the  time  when  even  slight  ejcposure  may  be  followed  by  the  ino«t 
serious  consequences. 

Authors  describe  several  forms  of  acute  disease  that  are  traeeabli 
to  lieat  as  tlie  exciting  cause,  but,  as  all  of  these  partake  more  or  lea 
of  the  nature  of  sunt^trokcj  aiM  as  we  are  writing  for  the  public  rather 
than  the  physician,  it  is  not  necessary  here  to  go  into  their  di^tingrmk* 
ing  features*     Sunstroke,  or  the  disease  hitherto  passing  under  tlat 
name,  though  known  since  early  times,  is  even  yet  not  well  understtKHL 
Up  to  within  a  few  years,  it  was  believed  by  patient  and  pbysiciaa 
alike  that,  to  produce  it,  the  body,  and  especially  the  head,  most  b« 
exposed  to  tbe  direct  rays  of  tbe  sun.     There  is  now  abundance  of 
proof  to  the  contrary.     In  his  admirable  little  work,  entitled  "The^ 
mic  Fever,  or  Sunstroke,^*  Dr,  H.  C.  Wood  quotes  the  records  uf  iU 
ooourrence  in  barracks,  hospitals,  and  tents,  and  not  infrequeotly  is 
the   night-time,  in  many  cases  without  immediate  previous  ev' 
to  the  sun.     According   to  Dr.    Bonnymau,  as  cited  by  Dr*   ^ 
**  By  far  the  greater  number  of  cases  that  yearly  occur  in  India  are  d 
men  who  have  not  been  exposed  to  the  sun*     It  is  not  unusual  for  m*™ 
to  go  to  l>ed  in  apparent  health,  and  to  be  seized  during  the  nigbl; 
and  ]>atients  in  hospitals,  who  have  been  confined  to  bed  for  days  pre- 
viously, are  frequently  the  subjects  of  attack/'     Dr.  Swift  ic&tifita  W 
its  production  by  exposure  to  artificial  heat,  eleven  cases  treated  by 
him  having  been  attacked  in  the  laundry  of  an  hotel ;  while  several  oiImS* 
occurreii  in  sugar-refineries.     Dr.  Wood  mentions  a  case  of  hif  owm 
which  also  originated  in  a  sugar-refinery.    Dr.  Maclean,  in  the  second 
volume  of  Reynobls^s  **  System  of  ]Medicine,"  quotes  I^L  Boudin  *    *'" 
effect  that  one  huodred  cases  of  sunstroke  occurred  on  the  I 
man-of'war  Duguesne  at  Rio  Janeiro,  most  of  them  at  nigbt  \^i '' 
the  men  were  lying  in  their  bunka.     Much  more  of  similar  inj;"  '" 
might  be  ofiered,  but  enough  has  been  said  to  show  that  it  is  -:r*  J' 
heat  which    ]>recipitates    the  attack,   and   that  it  makes  little   3 '^►'^ 
ence  whether  this  come  from  exposure  to  the  direct  rays  of  tic  sun. 
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Bfrom  a  highly-heated  atmospbere,  or  indeed  from  some  artificial 

W  But  while  heat  is  rightly  regarded  as  the  principal  if  not.  the  sole 
excitiJig  cause,  there  are  other  conditions,  as  previously  stated,  which 
oontribute  largely  toward  bringing  on  the  attack*  Of  these,  overcrowd- 
ing, and  its  associate,  insufficient  ventilatioD,  are  among  the  most  iuipor- 
tant.  The  histories  of  the  outbreaks  that  have  occurred  in  barracks, 
||  tents,  and  on  shipboard,  refer  to  these  conditions  as  always  present, 
Bi  also  mention  that  both  officers  and  men  in  every  other  way  simi- 
Srly  circomstanoed,  but  provided  with  plenty  of  room  and  ventilation, 
did  not  suffer. 

Another  and  equally  important  predisposing  cause  is  the  eaihaua- 
lion  produced  by  prolonged  exertion.  The  fact  that  a  large  propor- 
lioQ  of  the  cases  occurring  in  this  country  arc  of  persons  engaged  in 
oriocifi  occupations  is  evidence  of  this,  and  if  more  is  needed  it  is  found 
be  experience  of  army-surgeons  in  India,  who  state  that  some  of  the 
^erest  epidemics  ever  witnessed  in  that  country  took  place  among 
I  troops  toward  the  close  of  long  and  fatiguing  marches,  when  not 
ftse  was  observed  wliile  the  men  were  fresh  and  vigorous. 
[  Want  of  acclimatisation  is  set  down  as  another  powerful  predispos- 
caase.  **  Foreigners,"  says  Dr.  Wood,  *' are  always  attacked  in 
ch  larger  numbers  than  natives  of  the  tropics.  It  must  be  remem- 
ed,  however,  that  no  amount  of  acclimatiKation  will  aflbrd  certain 
Ejection,  as  even  the  Hindoo,  born  and  bred  in  the  stitiing  air  of 
Bengal,  is  occasionally  attacked. 

Tight-fitting  clothing,  which  impedes  the  circulation  and  hinders 
the  movements  of  the  body,  likewise  invites  attack.  Formerly  soldiers 
m  India  were  dressed,  in  the  hottest  weather,  with  tightly- buttoned 
eoats,  stiff  leather  stocks,  heavy  cross-belts  over  the  chest,  and  a  cap 
peculiarly  adapted  to  concentrate  the  rays  of  the  sun  upon  the  head* 
When  so  accoutredj  according  to  the  testimony  of  their  medical  officers, 
roke  among  them  was  common  ;  and,  since  this  style  of  dress  has 
bo  done  away  with,  it  is  much  less  frequent, 
I  Persons  addicted  to  spirit-drinking  are  l>y  many  writers  believed 

amish  a  much  larger  proportion  of  cases  than  abstaiaers. 
[The  presence  of  a  large  amount  of  watery  vapor  in  the  air  is  held, 
rParkes  and  others,  to  predispose  to  sunstroke*     By  opposing  evap- 
tion  from  the  surface,  it  favors  the  rise  of  animal  teniperature. 
Illier  causes    predisposing   to  sunstroke  are  given  by  difierent 
ew;  they  are,   however,   of  the   same   general   nature   as   those 
ly  enumerated,  being  simply  conditions  which  eitiier  diminish  the 
reiB  of  the  system,  or  for  the  time  being  impose  upon  them  some 
ivy  lax.     Whether  death  from  smislroke  is  due  to  the  action  of 
on  the  nelsons  system,  or  to  the  coagulation  of  the  muscle-plasma 
(nyovtti)  of  the  heart,  or  to  blood-poisoning,  or  in   some   cases   to 
others  to  another  of  these  causes,  as  maintained  by  dif- 
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ferent  physicians,  it  is  not  necessary  here  to  inquire.    What  chiffl 

concerns  us  now,  having  pointed  out  the  principal  causes  of  the  ^| 
ease,  is  to  learn  something  of  its  symptoms,  how  in  the  abeencoS 
the  doctor  it  should  be  treated,  and  what  to  do  to  avoid  it.  ■ 

The  serious  disturbance  of  all  the  functions  occasioned  by  sol 
stroke  results,  as  might  be  expected,  in  a  great  variety  of  symptomp 
In  a  small  proportion  of  cases,  however,  the  attack  is  so  sadden  an^ 
so  quickly  fatal  that  little  chance  for  the  development  or  observaiMJe 
of  symptoms  is  afforded*     The  patient  suddenly  falls,  gasps  a  few 
times,  and  dies.     But,  in  tlie  majority  of  instances,  premonitory  «yiiip 
toms  are  present.     The  more  constant,  as  given  by  the  best  authori- 
ties, are  gre4it  heat  and  dryness  of  skin,  a  varying  degree  of  pain  in 
the  head,  attended  oftentimes  with  giddiness,  congestion  of  the  eye*, 
full,  rapid  pulse,  which  grows  feeble  and  irregular  as  the  disease  wi- 
vances,  obstinate  constipation,  irritability  of  bladder,  and  great  op* 
pression  or  sense  of  weight  about  the  region  of  the  heart,  with  not  on* 
frequently  muscular  weakness  and  a  disinclination  for  exertion.    If 
these  symptoms  continue,  the  patient  soon  passes  into  a  state  ^ 
found  insensibility.     Tlie  pupils  fail  to  respond  to  the  action  ol  .  j.   , 
and  may  be  somewhat  contracted,  the  breathing  becomes  hurried  and   j 
difficult,  and  the  action  of  the  heart  is  irregular  and  tumultuous.  Con- 
vulsions may  come  on  early,  or  be  postponed  until  late  in  the  disetde, 
or  they  may  be  absent  altogether.     Numerous  minor  and  less  consUiil 
phenomena  have  been  recorded  by  different  observers  ;  but,  wlien  4J 
person  is  suddenly  attacked  during  exposure  to  great  heat,  the  syrofl 
toms  already  enumerated  will  enable  any  one  of  ordinary  intelhgeooH 
to  recognize  the  true  character  of  the  disease.  fl 

Only  such  measures  of  treatment  will  be  suggested  as  any  onetifl 
€K>mmon-sense  can  apply ;  and  they  may  be  the  means,  if  |^r<l^^^| 
resorted  to,  of  ultimately  restoring  the  patient,  when,  if  uothiop^^f 
done  until  the  physician  arrived,  he  might  then  have  passed  beyo^H 
the  reach  of  help.  H 

When  the  signs  of  an  attack  appear,  the  sufferer  should  tie  ivii^| 
diately  taken  to  the  nearest  shade,  preferably  in  the  open  air,  ^^^| 
all  events,  where  the  freest  ventilation  can  be  secured.  His  bo^H 
should  at  once  be  stripped,  and  the  bead,  neck,  and  chest,  eoutinuoQ:i^| 
drenched  with  cold  water.  Let  this  be  followed  up,  not  timidly,  tn^f 
with  boldness,  until  respiration  is  reestablished,  after  which  it  may  ^| 
applied  at  short  intervals,  until  a  perceptible  diminution  of  the  t<^| 
perature  of  the  body  has  taken  place,  or  until  the  doctor  arrives.  ^| 
is  the  great  heat  of  the  body  that  menaces  life,  and,  the  sooner  i^^| 
can  be  reduced  into  the  neighborhood  of  the  natural  temperaturr,  dH 
better  for  the  patient.  In  rare  instances  this  free  use  of  cold  wil^f 
by  the  powerful  impression  it  makes  on  the  nervous  system*  «x€f^| 
convulsions,  in  which  case  it  may  be  discontinued,  and  rubbing  ^^H 
surface  with  pounded  ice  resorted  to.     An  injectioQ  of  ice-cold  al^| 
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^Krecora  mended  bj  Dr.  Parkes,  may,  at  the  same  time,  be  given, 
■Wheo  he  can  swallow,  the  patient  should  be  encouraged  to  drink 
freely,  and,  if  vomiting  follows,  bo  much  the  better,  as  this  tends  to 
relieve  the  lunge,  which  are  always  greatly  congested.  Other  meas- 
ures of  treatment,  and  the  management  of  after-consequences,  may  be 
most  safely  left  in  the  hands  of  the  physician. 

After  what  has  been  said,  the  means  to  be  adopted  for  the  avoid- 
ance of  sunstroke  will  readily  suggest  themeelveB.  Great  care  must 
Bte  taken  to  preserve  intact  the  fiiuction  of  the  skin,  and  nothing  is 
better  for  this  than  frequent  bathing,  and  friction  of  the  surface. 
Hard  labor,  in  a  close,  highly -heated  atmosphere,  or  during  extreme 
hot  weather,  in  the  sun,  should  be  carefully  shunned,  and  the  use  of 
epirits^  if  previously  indulged  in,  entirely  discontinued.  The  dress 
ahoald  bo  such  as  will  permit  free  Loss  of  heat,  preferably  linen,  and  on 
no  account  should  it  be  so  close  fitting  as  to  hinder  the  motions  of 
the  chest,  neck,  or  head-  A  light  hat,  permitting  free  circulation  of 
air  abont  the  top  of  the  head,  is  very  usefiil  English  trocjps  in  India 
wear  light  wicker-helmets  made  of  bamboo,  and  covered  with  cotton* 
These  permit  thorough  ventilation  of  the  head,  and,  according  to  Dr, 
Firkes,  have  diminished  the  &equency  of  sunstroke. 
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\ROM  Sir  Richard  Coffin,  Knight,  who  accompanied  William  the 

Conqueror  to  England  in  1066,  springs  the  genealogical  tree  that 

ins  the  name  of  Tristram  Coffin,  the  pioneer  owner  of  the  island  of 

Itntueket,  whose  American   descendants  have  been  engaged,  to  a 

ge"  extent,  in  navigation.      Of  these,  and  fifth  in  line  of  descent 

1  Tristram,  is  the  subject  of  thi«  sketch. 

Ptofl  James  Hexby  Coffiij,  LL.  D.,  was  born  in  Williamsburg, 

L,  00  the  6th  day  of  Septeml>er,  1806.    He  was,  therefore,  sixty-six 

old  at  the  time  of  his  decease,  which  occurred  Febrnary  6, 1873, 

I^afayette  College,  Easton,  Pa*,  where  he  had  long  filled  the  pro- 

»rship  of  Mathematics  and  Astronomy.      He  graduated  at  Am- 

College  in  1828,  and  the  year  following  established,  at  Green- 

Hass.,  the  Fellenberg  Manual  Labor  Institution,  which  for  eight 

continued  to  be  one  of  the  rarely  successful  instances  of  this 

stem  in  our  country.     He  subsequently  became  the  Principal  of  the 

iburg  (X.  Y.)  Academy,  antl,  in  1839,  a  member  of  the  Faculty 

lliacufi  College.      In  1846  he  became  Professor  of  Mathematics 

i  Lafayette  College.     In  tlie  interests  of  this  institution  he  labored 

oiuly  till  the  close  of  his  life,  being  rewarded  by  seeing  it  rise  to 

{.jlfCPCol  high  rank  among  our  colleges. 
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Aft  a  teacher  he  was  laborious  and  enthui^iastie,  and  his  snccess 
was  remarkable.  He  secured  the  respect  and  love  of  his  pupils  to  a 
degree  seldom  equalled ;  but  he  was  also  a  zealous  student  in  science, 
aud  publkhed  seyeral  valuable  ^vorks  as  the  results  of  his  researches. 
Among  these  are  his  "  Analytical  Geometry,^'  and  his  '*  Conic  Sec- 
tions," which,  at  one  time,  were  exteusively  used  as  text^books  in  our 
colleges.  While  connected  with  the  Fellenberg  Institution,  he  pub- 
lished two  works  on  book-keeping,  that  were  adopted  by  the  State 
schools  of  Massachusetts.  He  read  many  valuable  papers  before  the 
American  Aesoeiation  for  the  Advancement  of  Science,  of  which  he 
was,  from  its  organization,  a  member  *  and  also  before  the  Nationil 
Academy  of  Science,  for  the  recent  meeting  of  which  he  had  in  prepa- 
ration an  article  on  the  Storm-cur%'e,  the  object  being  to  show  that  i^ 
was  an  hyperboloid,  the  equation  of  which  he  had  computed. 

His  chief  reputation,  in  science,  was  achieved  by  his  researches  ia.  : 
the  department  of  meteorology.     These  were  commenced  in   1839^^^ 
while  Priocipal  of  the  Ogdensburg  (N*  Y.)  Academy,    He  took  simul— ■ 
taneone  and  constant  observations  of  the  barometric  changes  connecle^^ 
with  the  variations  of  the  wind-vane  and  with  the  fall  of  rain,    Hif^ 
instruments  were  self-registering.     Each  motion  of  the  vane  directedt 
a  minute  but  constant  stream  of  dry  sand  into  some  one  of  32  station — 
ary  hoppers,  corresponding  in  position  to  as  many  points  of  compass*- 
The  weight  of  sand  found  in  the  several  receptacles  below  each  hopper* 
showed  the  length  of  time  that  the  vane  had  pointed  in  that  direction. 
The  rain-gauge  was  an  inverted  cone^  having  an  horizontal  surface  of 
172,8  square  inches  :  the  rain  frilling  into  it  passed  down,  through  ao 
orifice  so  small  that  no  appreciable  evaporation  could  occur,  into  a 
close-titting  can.     One  inch  of  rain  in  depth  would,  therefore,  make 
j\r  of  a  cubic  foot  when  collected,  the  weight  of  which  is  100  outicei- 
Each  ounce  that  the  can  contained  after  a  storm,  consequently,  wprc- 
sented  yj^  of  an  inch  in  perpendicular  fall.     The  amount  nec€«fl«y 
to  merely  moisten  the  funnel  without  precipitation  into  the  can  H 
easily  determined  as  a  constant.     The  resultti  of  these  observation* fo^ 
the  year  1839  were  published  by  Prof  Coffin  in  the  Meteorohfkd 
Meghter^  a  monthly  journal,  of  which  he  issued  the  first  number  in 
January,  1839,     It  was  devoted  to  the  discussion  of  various  pheoom* 
ena  connected  with  physical  science.     Though  the  demand  for  a  pei*" 
odical  of  this  nature  was  insufficient  to  sustain  it,  it  brought  into  C0^ 
respond ence  many  who  were. interested  in  such  subjects.     The  invciU- 
gation  of  rainfall  and  evaporation  had  present  practical  value  in  being 
made  the  basis  of  the  report  of  the  committee  of  the  New  York  Scnit«» 
ih  1839-'40,  ap|>ointed  to  consider  the  enlargement  of  the  canal  syiUJi 
of  the  State  by  the  construction  of  the  Genesee  Valley  Canal    ThcM 
stufJies  were  afterward  extended  to  form  the  chapter  on  the  climate  oil 
the  S'tate,  published  in  the  ''  Natural  History  of  New  York,"  in  184M 
in  whf  ch  the  inquiries  took  a  wider  range ;  and  questions  of  vegetM 
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tMntf  agricultural  epochs,  the  migration  of  birds,  etc.,  were  introduced, 
A  determination  was  also  made  of  the  amoatit  of  rise  in  the  thermom- 
eler  per  hour,  during  the  prevalence  of  winds  from  the  northeast  by 
eftAt  to  south-southwestj  and  the  unequal  corresponding  decrease  of 
lemperature  when  the  winds  were  from  the  northwesterly  points  of 
compass. 

While  at  Williams  College,  Prof.  Coffin  erected,  upon  the  Grey- 
lock  peak  of  Saddle  Mountain,  at  a  height  of  nearly  4,000  feet  above 
the  ocean,  an  observatory,  where  continuous  observations  were  taken, 
even  through  the  winter  season^  when  for  three  months  it  was  imprao- 
tieable  to  aacend  the  peak  In  this  interval  the  clock-work  faithfully 
did  its  entire  duty.  The  anemometer  bad  been  changed  by  eubsti- 
tuting  for  the  stream  of  sand  a  scries  of  cards  half  an  inch  square, 
laid  consecutively  on  a  moving  band  that  deposited  one  of  them  every 
fifteen  minutes.  Each  card  being  inscribed  with  the  day  and  hour  it 
repreeentijd,  when  the  receptacle  marked  "  North,**  for  example,  was 
^^■bed,  all  the  cards  found  in  it  indicated  the  exact  quarter-hour  in 
HBfut  three  months  when  the  wind  was  from  that  direction.  In 
1872  he  constracted,  for  the  observatory  of  the  Argentine  C^onfedera- 
itan,  at  Cordova,  a  duplicate  of  this  instrument,  with  improvements 
B  John  M,  Junkin,  M.  D.,  similar  to  the  one  in  use  at  Lafayette  Col- 

^The  "Results  of  Meteorological  Observations  for  1854-*59,'^  in  two 
Yclmnes,  quarto,  1757  pages,  prepared  under  his  supervision,  under 
^  augpices  of  the  Smithsonian  Institution,  constitute  a  vast  fund 
m  condensed  material  from  which  to  study  the  climate  of  North 
America. 

But  the  great  work  of  Prof.  Coffin's  life  was  the  development  of 
lus  tlieory  of  the  winds,  under  the  auspices  of  the  Smithsonian  Insti* 
Htion,  the  following  account  of  which  has  been  furnished  us  by  Pro! 
Hfftry,  Secretary  of  the  Institution  : 

B  The  results  of  the  scientific  labors  of  Prof.  Coffin  include  contribu- 
'tfeni  to  astronomy,  mathematics,  and  especially  to  meteorology,  Hia 
lUiors  in  regard  to  the  latter  branch  of  science  commenced  imraediate- 
HafWr  his  graduation,  and  were  continued,  almost  uninterruptedly, 
^hU  the  time  of  his  death.  Pie  was  early  recognized  as  one  of  the 
^pteorologistB  of  the  country,  and,  on  the  establishment  of  the  Smith* 
^kan  Institution,  be  was  invited  to  become  one  of  its  collaborators 
Hrthat  line.  All  the  materials  which  were  collected  from  the  ob- 
^■ferB  o\'  the  Institution,  and  from  those  of  the  army  from  1854  to 
H|9  inclusive,  were  placed  in  his  hands  for  reduction  and  discus- 
^k.  This  work  was  conscientiously  and  thoroughly  performed,  and 
^P  results  published  in  a  quarto  volume  of  upward  of  1200  pages. 
H'  ^^^^^  this  work,  Prof.  Coffin  engaged  the  services  of  some  of 

H»  jts  of  Lafayette  College,  and  a  largo  number  of  women.    The 

^be«  of  the«e  oomputers  were  paid  by  an  appropriation  from  Con* 
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gresfl,  while  the  eervices  of  Prot  Coffin  himeelf,  in  directing  and  &upe^ 
intending  the  whole,  were  cDtirely  gratuitoas. 

But  the  great  work  to  which  he  owes  hb  celebrity,  in  all  parts  of 
the  world,  is  his  treatise  on  "The  Winds  of  the  Northern  Hemisphere,'* 
published  in  the  "Transactions  of  the  Smithsonian  Institution,"  vol  vi» 
in  1853*  This  work  had  been  commenced  at  least  ten  years  before 
the  date  of  its  publication,  a  communication  having  been  made  in  re- 
lation to  it  to  the  American  Association  for  the  Advaucement  of  Sd- 
eoce,  in  1848. 

The  materials  on  which  it  was  based  were  derived  from  all  acces- 
sible sources,  including  600  different  stations  on  land,  and  uuioeroaB 
positions  at  sea,  extending  from  the  equator  to  the  83d  degree  of 
north  latitude,  the  most  northerly  point  ever  reached  by  man,  and 
embracing  an  aggregate  period  of  over  2,800  years. 

The  design  of  the  work  was  to  ascertain,  as  far  as  possible,  the 
mean  direction  in  which  tbe  lower  stratum  of  the  air  moves  in  differ 
ent  portions  of  the  Northern  Hemisphere,  its  rate  of  progress,  the  modi* 
fioation  it  undergoes  in  different  months  of  the  year,  the  amount  of 
deflecting  farces,  and  its  relative  velocity  from  different  points  of  tbe 
compass.  The  collection  of  this  material  involved  an  amount  of  oo^ 
respondence  and  bibliographical  research  which  but  few  would  UDde^ 
take,  even  with  the  hope  of  pecuniary  reward,  and  still  fewer  for  th* 
love  of  truth,  and  the  acquisition  of  knowledge  for  its  own  sake.  But 
the  labor  of  computation,  and  discussion  of  the  materials,  wes  w 
almost  Herculean  task,  to  which  years  of  silent  and  unobtrnaive  Iftboif 
were  devotecL  The  work  consisted  mainly  of  about  140  quarto  tablet 
of  figures,  with  descriptive  deductions,  and  illustrated  by  maps.  Eack 
of  these  figures  is  the  result  of  laborious  calculations,  aince  the  method 
of  determining  the  velocity  and  -direction  of  the  wind  is  the  satoe  U 
that  employed  by  the  mariner  in  determining  the  distance  in  a  straight 
line,  and  direction  at  the  end  of  a  given  time,  from  the  place  of  Itis  dfr 
parture.  In  this  work  Prof,  Coffin  was  the  first  clearly  to  establish 
the  fact,  by  accurate  comparison  of  observations,  that  there  are  thre^ 
great  zones  of  winds  in  the  Northern  Hemisphere,  The  first  belt  i» 
that  of  the  region  of  the  easterly  trade-winds,  extending  northward  ifl 
the  Western  Hemisphere  to  about  the  32d  degree  north  latitude,  aiid  ia 
Europe  to  the  42d  degree.  The  second  is  the  great  licit  around  thi 
world  of  the  return-trades,  in  which  the  |>redomiiiant  direction  is  fr^^ 
the  west.  This  extends  northward  in  America  to  56°,  and  in  I 
and  Asia  to  about  66°  north  latitude.  Beyond  this,  principally  v^*— 
the  Arctic  Circle,  is  a  belt  of  easterly  or  northeasterly  winds,  Thi 
conmion  pole  of  these  belts  or  zones  has  not  the  same  {^K>sition  as  thai 
of  the  geometrical  pole  of  the  earth.  It  appears  to  be  in  latitude  H 
and  longitude  106°  west  of  Greenwich,  and  has  been  denominated 
Prof.  Coffin  the  meteorological  pole. 

These  results  are  in  general  aocordaaoe  with  the 
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dactions  from  the  theory  of  the  winds  of  the  globe,  which  considers 
them  as  due  to  the  combined  action  of  the  moremeDt  produced  in  the 
air  by  the  greater  heat  of  the  equator,  and  the  rotation  of  the  earth  on 
its  axis. 

The  researches  of  Prof.  Coflin  also  strikingly  exhibit  the  fact  of 
the  influence  of  the  seasons  in  modifying  the  direction  of  the  wind,  or 
in  producing  the  results  denominated  monsoons,  Thus^  along  the 
eastern  coast  of  North  America,  as  is  shown  on  the  maps,  the  tendency 
during  the  summer  months  of  the  opposing  forces  is  to  lessen  the  domi- 
nant westerly  wind,  and  this  effect  is  noticed  even  beyond  the  Missis- 
sippi, as  well  as  in  the  Atlantic  Ocean  along  our  coast.  The  effect  is, 
undoubtedly^  due  to  the  change  of  temperature  in  the  land — the  tem- 
perature of  the  ocean  remaining  nearly  the  same  during  the  year,  while 
that  of  the  land  is  greatly  increased  in  summer  above  the  mean,  and 
depressed  in  winter.  From  tliis  cause  the  air  will  tend  to  flow  toward 
the  centre  of  the  continent  from  the  ocean  in  summer^  and  from  the 
same  centre  toward  the  ocean  in  winter. 

The  results  of  the  investigations  of  Prof.  Coffin  have  been  referred 
to  in  all  the  treatises  on  meteorology  which  have  appeared  since  their 
publication,  and  they  have  been  employed  with  other  materials  as  the 
basis  of  the  wind-charts  of  the  Atlantic  and  Pacific  Oceans,  prepared 
and  published  by  the  English  Board  of  Trade. 

In  attentively  studying  the  result  of  Prof.  Coffin's  labors,  we  ean- 

it  but  be  struck  with  his  conscientious  regard  for  accuracy,  and  his 
potion  to  truth.  In  all  cases  in  which  the  results  do  not  conform  to 
\  theory  which  explains  the  general  phenomena,  the  discrepancies 
^  fully  pointed  out ;  and,  where  he  is  unable  to  suggest  an  hypothet- 
ical cause  of  the  anomaly,  he  candidly  acknowjedges  his  ignorance. 
kthis  respect  he  is  an  admirable  example  of  a  successful  investigator, 
ice  errors  in  science  as  frequently  occur  from  defects  of  the  heart  as 
.from  those  of  the  head. 

After  the  publication  of  the  work  on  the  winds,  he  continued  to 
^llcct  materials,  at  first  with  a  view  to  an  appendix,  and  finally  ex- 
tifided  his  investigations  to  the  winds  of  the  entire  globe.  To  aid  in 
enterprise,  the  Smithsonian  Institution  placed  in  his  bands  all  the 
ations  on  the  winds,  which  it  had  obtained  from  its  ntuneroua 
nrer*  during  the  twenty  years  since  the  system  was  commenced, 
ither  with  the  observations  made  by  the  officers  of  the  army,  as 
II  as  the  extensive  series  of  materials  in  the  various  series  of  trans- 
tons  of  Bcientific  societies  of  the  Old  World,  obtained  through  the 
trchangcai  of  the  Institution.  This  work,  for  Bcvenil  years  past,  Prof. 
O  '  cated  with  unremitting  assiduity  during  all  the  inierv'als 

<l  be  spared  from  his  laborious  professional  duties.     Un- 
nately,  however,  he  was  not  spared  to  complete  the  work,  al» 
it  is  in  such  a  condition  as  to  be  readily  finished  under  the 
iton  of  the  principal  assistant  employed  by  Prof.  Coffin.     It  lb 
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expected  that  the  tables  will  all  b6  completed  during  the  present 
aunimer,  and  that  the  prii^ting  of  the  work  will  be  commeiioed  next 
aulmnu* 

In  reviewing  what  may  be  called  the  extra  labors  of  ProC  Coffin, 
we  cannot  refrain  from  endeavoring  to  impress  upon  the  mind  of  the 
general  public  that  men  of  his  character,  who  do  honor  to  humanity, 
ought  not  to  be  suffered  to  expend  their  energies  in  the  drilling  of 
youth  in  the  mere  elements  of  knowledge,  and  with  a  compensatio 
not  more  than  sufficient  to  secure  the  necessaries  of  life ;  that  th 
should  be  consecrated  as  officiating  priests  in  the  temple  of  knowledj 
be  furnished  with  all  the  appliances  and  assistance  necessary  to 
accomplishment  of  their  objects^  namely,  the  extension  of  the  boa 
of  human  thought  and  of  human  power. 

The  premature  death  of  Prof.  Coffin  is  a  loss  to  the  world,  and,  in 
regard  to  him,  we  have  to  deplore  that  so  much  of  his  valuable  I 
was  expended  in  the  drudgery  of  teaching,  which  ought  to  have  1 
devolved  upon  inferior  minds. 


Dr.  John  W.  Foster,  the  distingtushed  geologist  and  etlmolo 
of  Chicago,  died  June  29th,  lie  was  bom  at  Petersham,  Mass.,  Mareb 
4,  1815,  and  graduated  at  the  Wesleyan  University,  of  Middletaw% 
Conn.  He  subsequently  moved  to  Ohio,  and  connected  himself  ' 
the  geological  survey  of  that  State.  In  1849  he  entered  upon  a  g«0*' 
logical  examination  of  the  Northwest,  in  company  with  Messrs,  Jack- 
son  and  Whitney;  and  the  observations  they  made  are  embnieed  IB] 
two  volumes,  entitled  "  Report  on  the  Geology  and  Topography  of  t 
Lake  Superior  Land  District"  (l850-'52).  Dr.  Foster  puliU^ed  i 
eliiborate  volume,  **  The  Mississippi  Valley,"  which  gave  an  account  rf] 
the  physical  geography,  topography,  botany,  climate,  geology,  saJJ 
mineral  resources,  of  that  vast  and  important  region  of  the  coniin«Bi| 
He  was  President  of  the  American  Association  for  the  Advancemeairfl 
Science,  at  its  meeting  in  Salem,  in  1869,  and  has  contributed  uuma^J 
ous  papers  to  the  proceedings  of  that  body  and  to  the  Chicago  AcaJ-l 
emy  of  Sciences,  He  has  been  long  engaged  In  the  preparatioo  of  i I 
work  on  the  "Prehistoric  Kaces  of  the  United  States,"  which  will 
completed  and  printed,  but  not  yet  published,  at  the  time  of  to*  I 
death.    It  is  an  elegant  volume,  and  a  valuable  contribution  to  tbt] 
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9PH0BIA  AN  ACTITAL,  NOT  ALWATB 
AN  IMAOLNAfiT  DISEAfiE. 

^imktF  or  ^  PBptdarSeimoeManihIvi 
doubt  it  U  true  th&t  manj  persona 
iTe  beoome  LU,  after  being  bitten  b^ 
Ddcr  a  fltrong  apprehmrion  of  hydro- 
Bul»  while  scientific  medical  men 

0  be,  &nd  mostly  ftre,  read j  atwajs  to 
anew/*  that  is,  10  Tiew  of  all  new 
jeir  oldest  and  moat  firmly -lield  opiu- 
t  fiOBie  l;hings  haye  been  ciearly  ascer- 
nk  this  subje<:t — not  as  mattere  of 
^  but  ns/aefs  :  First,  tbat  dogs  (and^ 
m,  some  oilier  animalB]  are  subject 
rka  of  ra,bies,(  IiaTing  a  period  of  incii- 
affcer  being  bitten,  averaging,  accord- 

Yoaattf  fire  or  eix  weelca.  Also, 
titbor  of  standiiig  on  tbe  practice  of 
m  or  snrgerj  recognized  the  fact 
Dat  one  in  ten  of  tbose  human  be- 
'  any  and  all  agea,  who  are  bitten  bj 
b^Bi  will  be,  mostly  within  a  month 
mekAf  affected  with  symptcims  entire- 
Bar,  ending  in  death  in  a  few  days, 
PtftodUig  all  the  methods  of  treat- 
^  deriaed  and  uaed. 

the  oases  oeourring  In  children  are 
y  lh«  most  convincing.  Twenty 
go,  I  taw  such  a  case^  the  whole  his- 

whteh  was  known  to  me,  tn  a  boy 
Bars  of  age.  Mj  friend  Dr.  Lodge, 
Itgomery  County,  PeonaylTania,  in- 
iia  that,  a  few  years  since,  he  had 
Df  the  case  of  a  child  of  Jive  years 

some  account  of  which  occurs  in 
ataodard  work  on  sui^ery. 

importance  of  a  ri^ht  popular  ap* 
ion  of  the  tnitb  on  thia  subject  iia 
pahle.  Not  only  is  it  necessary  that 
barty  rabid  animal  should  be  klUod 
hiamA  every  suspected  one  fastened 
^^bied  in  securitj,  but  aluo  that 
mnio/pr«9miiwfi  should  be  reported 
ee,  when  mf  one  ia  bitten.  The.'ie 
■  (generally  known)  are,  eitber  the 

1  of  the  part,  when  practicable,  or 
ii  mmteriMoHan,    Should  the  Idea  be- 

i  thai  there  k  no  iucA  dUaat 


as  hydrophobia  in  the  human  subject,  as 

appearsi  to  be  intimated  in  the  article  in 
jour  intercatiflg  *'  Miscellany/*  in  The  Popo- 
LAH  SciKSGi  MoNTHLT  for  Jime,  all  such 
precautions  are  likely  to  be  neglected,  at 
the  immineut  risk  of  many  lives,  which,  by 
means  of  euch  measures  (if  they  be  resorted 
to  immediateltf)^  can  be  protected  from  this 
truly  terrible  makdy* 

Very  respectfuU/, 

EeNBT   UASTSHOltirK. 


THE  TEANSPtrSIOH   OF  BLOOD. 
Tg  Che  EdUor  qf  the  Potior  BeUnee  MoMMtf  : 

Tbk  perusal  of  the  article  with  the 
above  title,  in  the  April  number  of  your 
magazine,  brings  to  mj  mmd  two  or  three 
paragraphs  from  **  Pepys^s  Diary  '*  bearing 
on  that  subject,  which  may  be  interesting 
to  your  readers,  Ui&der  dste  of  November 
21,  1667,  we  find :  "  With  Creed  to  a  Tav- 
em,  where  Dean  Wilkins  and  others:  and 
good  discourse;  among  the  rest,  of  a  man 
that  is  a  little  frantic  (that  hnth  been  a  kind 
of  minister,  Dr,  Wilkins  saying  that  he  hnth 
read  for  him  in  bis  church),  that  is  poor 
and  a  debauched  man,  that  the  college  have 
hired  for  2Qt.  to  have  some  of  the  blood 
of  a  sheep  let  into  ]m  body  ;  and  it  is  to  be 
done  on  Saturday  next.  They  purpose  to 
let  in  about  twelve  ounces ;  which,  they 
compute,  is  what  will  be  let  in  in  a  minute'a 
time  by  a  watch.'*  November  30th,  w© 
have  the  sequel ;  **  1  waa  pleased  to  see  the 
person  who  had  his  blood  taken  out.  Ho 
speaks  well,  and  did  this  day  give  the 
(Royal)  Society  a  relation  thereof  in  Latin, 
saymg  that  he  finds  himself  much  better 
since,  and  as  a  new  man  ;  but  he  is  cracked 
a  little  in  his  head,  though  he  speak^i  very 
reajjonably,  and  very  well.  He  had  hot 
20*.  for  his  suffering  it,  and  is  to  have  the 
same  again  tried  upon  htm ;  the  first  sound 
man  that  ever  had  it  tried  on  him  in  Eng- 
land, and  but  one  that  we  hear  of  in 
France."  Nov*  mber  H,  IB16, 1  find  :  **  Dr. 
Croone   told  me  that^  at  the  meeting  at 
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GteiliAm  College  to-nigbt^  there  wan  & 
preltj  experiraent  of  tlie  blood  of  one  dog 
let  out  (till  he  dit*d)  into  the  bodj  of  &b- 
other  on  one  side,  ^hile  all  hk  own  rtm  out 
on  the  other  aide.  The  firftt  died  upon  the 
place,  and  the  other  very  well,  and  likely  to 
do  well    TbU  did  give  occasion  to  manj 


pretty  wishes^  u  of  the  blood  of  t  Qu^er 
to  be  let  into  nu  archbifibop  [e.  g^  LaudfJ 
and  8Qch  like ;  but  aa  Dr  Crooae  saya,  nay, 
if  It  tokea,  be  of  mighty  use  to  man^s  heahh, 
for  the  amending  of  bad  blood  by  bonow- 
ing  from  a  better  body." 

W.  WoonBaiiKii,  M.  n. 
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8CtS2^CE  m  SDjrCATIOKAL  DISClPLiyX. 

\\l  E  note  a  very  healthy  curiosity 
V  V  on  the  part  of  many  of  our  ei- 
changes  in  regard  to  the  progresa  of 
Kr.  Spencer's  diecusaion  of  Sociologicfll 
Study.  Now  that  be  has  considered 
the  *•*  TheoJogical  Bias,"  there  ia  ranch 
solicltnde  ex^ireased  that  he  shall  not 
forget  the  "  Scientific  Bias."  Well,  he 
has  not  forgotten  it  We  give  his  views 
in  the  present  number  of  the  Mostitlt, 
&nd  commend  them  to  the  careful  pe- 
meal  of  our  readers.  Mr.  Spencer's 
treatment  of  the  subject,  however,  has 
important  bearings  that  he  does  not 
pnmue.  Although  pointing  out  the  in- 
fluenoe  of  the  study  of  varioua  soienoes 
In  forming  the  mental  habits  necessary 
to  deal  with  the  single  subject  of  So- 
ciology, be  in  reality  develops  the  di^ 
ciplinary  value  of  the  sciences  in  their 
adaptation  to  the  general  work  of  edu- 
cation. 

And  the  suprenie  question  of  educa- 
tion is  undoubtedly  that  of  mental  dis- 
cipline. Its  primary  object  is  to  get 
the  use  of  the  tools  of  learning — the 
arts  of  reading^  writing,  and  etemeitary 
computation.  So  much  is  indispensable 
for  everybody;  but,  where  education 
proceeds  to  its  higher  work,  the  nert 
step  is  the  application  of  the  imple- 
ments to  the  ncquisitioo  of  knowledge. 
Here  difficulties  arise  frora  its  bound* 
less  extent  All  subjects  cannot  be 
stndied;  whole  ranges  of  them  can 
never  be  even  approached  by  any  sin- 
gle mind ;  and,  as  what  can  be  actually 
Boqnired  is  relatively  so  small,  it  was 
long  ago  seen  that  the  main  work  of 


the  school  must  be  to  form  the  mind 
and  develop  its  capacities  for  effeeftivs 
action  in  subsequent  life.  An 
iant  truth  was  here  recognised, 
its  bearing  and  exact  T^lue  wew 
from  well  understood,  and  its 
influence  led  to  bad  results.  For.  il-' 
though  the  principle  is  sound,  that  the 
chief  parpose  of  education  is  to^oltl' 
vflt<*the  mental  capacities,  yet  tbi«  cia- 
not  be  done  except  by  means  of  sta^iei 
selected  for  the  parpose ;  and  it  wai  i 
grave  mistake  to  lose  sight  of  th<i  rilaft 
and  adaptation  of  the  knowledge  to  h$ 
gamed,  however  comparatively  isaill 
might  be  its  amount  Yet  soefa  wii 
the  result.  The  staple  studies  of  i 
liberal  edacation  bad  not  been  ehoitt 
with  a  view  to  their  special  menUl  ll^ 
fiuence,  and  were  originally  sdopl^ 
for  reasons  of  utility,  because  tb^ 
were  suited  to  the  business  wants  d 
the  professional  olaases.  Yet 
premacy  and  permanence  wem< 
on  the  ground  of  their  incoin[ 
merit  for  discipliBe.  And,  when  iirtl- 
ern  studies  l>egan  to  piress  for 
ing  recognition  in  the  higher  tchoob^ 
they  were  resisted  on  the  principle 
the  acquisition  of  knowledge  wss 
the  object  of  academic  study,  bat 
menttil  training.  The  studios 
were  defended  for  their  sopertt 
in  this  respect,  and  the  soienoes 
kept  out  of  the  schools,  or  hot 
tially  and  grudgingly  admitted, 
they  were  said  to  be  ununited  for 
attainment  of  discipUue.  But  tlui 
one  of  the  cases  in  which  the 
turns  out  to  be  exactly  thu  rvrvnt 
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i  m^  eetablislied  opinion.  The  studied 
that  have  hold  their  supremacy  for 
ages,  oa  the  ground  of  their  emiaent 
suitableness  for  mental  discipline^  are 
at  last  losing  their  ascendency  beoans© 
of  defects  in  thi^  respect;  and  the  stud- 
let  whioh  were  long  resisted  because 
of  their  alleged  unfitnesa  to  train  the 
mind,  are  now  coming  into  wide  reoog* 
nition  as  the  best  and  indlspenaable 
meaiLs  of  attaining  this  end. 

The  educational  advance  here  indi- 
eated  is  of  the  higheet  significance,  for 
the  old  scholastic  scheme  whicij  vaunted 
ita  perfect  adaptation  to  the  M'ork  of 
mental  development  was  chietiy  re- 
markable because  it  did  not  include  a 
single  branch  of  study  wbioh  brought 
the  mind  into  <lirect  relations  with  Na- 
tare.  It  was,  Id  fact  a  scholastic  cur* 
riculum  in  which  Nature  was  entirely 
left  out,  and  its  discipline  could  hardly 
be  other  than  pftrtial  and  artiliciiil.  On 
the  other  hand,  it  now  begins  to  be 
seen  and  acknowledged  that  the  oom- 
l^letest  discipline  of  the  human  mind 
most  come  from  the  comprehensive 
and  systematic  study  of  Nature  itself. 
Thk  step  is  an  immense  gain  to  ra- 
tiooal  culture  by  putting  an  end  to  the 
old  anomaly  that  the  most  valuable 
knowledge  for  application  in  life  is  an- 
tagonistic to  that  required  for  mental 
development*  It  is  now  perceived  that 
**  it  would  be  utterly  contrary  to  the 
beautiful  economy  of  Nature  if  one 
kind  of  culture  were  needed  for  the 
gaining  of  information,  and  another 
kind  were  needed  as  a  mental  gym n as- 
tic.  Everywhere  throughout  creation 
we  find  faculties  developed  through  the 
perfonnance  of  those  functions  which 
It  is  their  office  to  perform ;  not  through 
the  performance  of  artificial  exercises 
devised  to  fit  them  fbr  these  functions," 

With  the  growing  study  of  Nature, 
iod  the  creation* of  those  perfected 
fonns  of  knowledge  which  we  call  sci- 
ence^ the  grave  defects  of  the  old  meth- 
^di  of  study  have  become  more  and 
^kre  apparent,  and  are  affirmed  with 


emphajsis  by  men  of  broad  cultivation 
and  the  highest  intellectual  eminence. 
Mr.  Mill  shows  that  logic,  the  very  sci- 
ence by  which  truth  is  investigated^ 
was  paralyzed  for  two  centuries  by  the 
habit,  prevailing  in  the  universities,  of 
regarding  logical  propositions  as  involv- 
ing the  relations  of  ideat  instead  of  the 
relations  of  the  phenrntiena  of  Nature, 
80  long  as  logic  and  the  connected 
branches  of  mental  philosophy  assumed 
that  the  investigation  of  truth  consisted 
merely  in  contemplating  and  handling 
ideas,  little  was  done  in  the  way  of 
discovery.  Mind  wrongly  trained  was 
barren  of  valuable  results.  It  was  only 
by  the  inversion  of  this  procedure,  and 
the  adoption  of  the  scientific  method 
of  study  which  brought  the  mind  face 
to  face  with  natural  phenomena  and 
gave  it  a  new  discipline,  that  the  great 
and  fruitful  truths  of  modern  knowl- 
edge have  been  attained.  Dr,  IV he- 
well,  late  Master  of  Trinity  Oollege, 
in  the  Caiul)rldge  University,  and  a 
man  of  high  scholarship,  in  his  va- 
rious works  upon  education,  protested 
strongly  against  the  deficiencies  of  the 
old  system  in  the  matter  of  diaoi* 
pHne,  and  demanded  the  larger  intro- 
duction of  the  sciences  to  repair  their 
defects,  He  said ;  **  The  period  ap- 
pears now  to  have  arrived  when  we 
may  venture,  or  rather  when  we  are 
bound  to  endeavor  to  include  a  new 
class  of  fundamental  ideas  in  the  ele- 
mentary discipline  of  the  human  intel- 
lect. This  is  Indispensuhle  if  we  wish 
to  e^Iuce  the  powers  which  we  know 
that  it  possessei^j  and  to  enrich  it  with 
the  wealth  which  lies  within  its  reach." 
In  an  able  lecture  by  Prof,  Helm- 
holtz,  just  published  in  this  country, 
**  On  the  Relation  of  Natural  Science 
to  General  Science,"  he  considers  the 
several  branches  of  study  as  exercises 
for  the  intellect,  and  as  supplementing 
each  other  in  that  respect.  Admitting 
that  a  certain  kind  of  discipline  is  ob- 
tained by  the  study  of  grammar  and 
philology,  he  shows  that  it  is  radically 
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defective,  and  requires  »cientifio  cultuTe 
to  correct  it.  Ho  says:  *'Iii  propor- 
tion as  tbe  range  of  ecienoe  extends, 
ita  sjatem  and  organisation  must  be 
improved,  and  it  inaat  inevitable  come 
about  tbat  individual  students  will  find 
themselves  com  pell  ed  to  go  through  a 
stricter  course  of  training  than  gram* 
roar  is  in  a  position  to  fiupply.  What 
etrikes  rae  in  my  own  eiperience  of 
Btndenta  who  pass  from  onr  classical 
Bchoolfl  to  aci entire  and  medical  atad- 
lea  is,  first,  a  certain  laxity  in  the  ap- 
plication of  Citric tly  universal  laws. 
The  grammatical  rulesi,  in  which  they 
have  been  exercised,  are  for  the  moat 
part  followed  by  long  lists  of  excep- 
tions; accordingly,  they  are  not  in  the 
habit  of  relying  implicitly  on  the  cer- 
tainty of  a  legitimate  dednction  from  a 
strictly  nniversal  law.  Secondly,  I  find 
them  for  the  most  part  too  ranch  in- 
clined to  trust  authority,  even  in  caaes 
where  they  might  form  an  independent 
judgment/^ 

Of  such  criticisms  the  literature  of 
modern  education  h  full,  so  that  w© 
may  say  that  the  triidttional  culture  is 
now  indicted  before  the  world  for 
breaking  down  at  precisely  that  point 
in  which  it  has  claimed  the  greatest 
strength.  That  tlie  old  method  of 
stndy  disciplined  the  mind  was  noth- 
ing; the  queiition  is,  What  kind  of  dis- 
cipline did  it  afford?  All  prolonged 
mental  effort  in  any  direction  gives 
power  and  fixes  habit,  but  the  effect 
may  he  so  narrowing  and  perverting 
that  the  discipline  becomes  an  evil  in 
proportion  to  its  thoroughness.  The 
need  and  value  of  scientific  studies,  as 
a  correction  of  classica]  discipline,  are 
now  generally  admitted;  hot,  before  any 
such  correction  can  be  intelligently  or 
effectually  made,  it  is  necessary  to 
know  what  sort  of  discipline  the  study 
of  science  confers.  Science  is  a  com- 
prehensive term ;  it  means  various 
groups  of  sciences  which  exercise  the 
intellect  in  widely  different  ways.  A 
discipline  may  be  scientific,  and  still 


be  partial  and  deficient.  We  were* 
therefore,  in  need  of  a  thorongh  ai 
sis  of  the  subject,  and  a  statemej 
what  the  several  sciences  are  coj 
tent  to  do  in  the  training  of  the 
tal  faculties.  This  want  has  now  hetn 
supplied  by  Mr.  Spencer. 

Obviously  the  first  thing  here  want- 
ed is  a  classification  of  the  scienoei^ 
and  it  is  equally  evident  that  soch  i& 
application  of  it  as  is  here  contciD- 
plated  would  become  a  tc$t  of  its  valid- 
ity. In  a  trne  claasifi cation,  oyedi 
are  grouped  together  which  are  moit 
alike  in  characters,  and  only  tboM 
sciences  which  are  most  similar  will 
call  forth  like  mental  activities  in  their 
pursuit.  Kr.  Spencer  divides  the  net- 
ences  into  three  groppa:  Ahttract  sci- 
ences; Ah$trmtr-cifncreU  wd%iiic^\  and 
OonereU  sciences. 

Abstract  science  is  the  sdenMof 
pure  relation,  with  no  reference  to  tbt 
nature  of  the  things  related.  Tb«  ab- 
stract sciences  are  logic  and  msiUi^ 
matics,  and  they  deal  with  the  abftiatf 
relations  under  which  all  phaooowtt 
are  presented. 

Mr.  Spencer  holds  that  spice  asi 
time,  the  forms  of  phenomena,  ^aie 
contrasted  absolutely  with  the  «xl# 
encea  disclosed  to  us  in  space  toi 
time;  and  that  the  sciences  wkldb 
deal  exclusively  with  space  and  linis 
are  separated  by  the  profoundett  of  iB 
distinctions  from  the  sciences  »! 
deal  with  the  existences  that 
and  dme  contain.  Space  is  the 
stract  of  all  relations  of 
time  is  the.  abstract  of  all  relations 
sequence.  And,  dealing,  as  they 
entirely  with  the  relations  of 
ence  and  sequence  in  their  geoenl 
special  forma,  logic  and  toi 
form  a  class  of  the  sciences  moft 
ly  different  from  the  rest  than  any 
the  rest  can  be  from  one  ao' 
These  sciences  are,  there  fores, 
suited  than  any  other  to  ei 
the  mind  *'unsbakttblo  beliei 
oeBBitlee  of  relation  ;  **  and 
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points  out  the  nneqtml  values  of 
fie  and  different  branchefl  of  mathe- 
Btica  for  thijj  pnrpoie. 
Afl  the  first  dimioQ  takes  id  to  ac- 
tint  only  ideal  relatiouii,  the  BecoDd 
don  takea  up  relations  among  re- 
a]itie«.      It  Inolndi^d  concrete   things, 
and  gives  rise  to  a  divisioa  which  Mr. 
SpeDcer,  therefore,  calls  the  abstraot- 
Hpiicrete  sciences.     These  are  mechan- 
Bbj  physics,  and  chemistry.    They  deal 
Bith  the  laws  of  forces  as  manifested 
^ij  matter^  but  when  artificially  sepa- 
rated l^om  one  another.     Mechanica, 
kkysica,  and  chemistry  have^  for  their 
ject,  to  generalize  the  laws  of  rela- 
9n  of  their  several  phenomena,  when 
entangled  from  tbose  actual  condi- 
Nature  in  which  they  are  mu- 
modified*     For  example :    "  In 
works  on  mechanics,  the  laws  of  rao- 
^hm  are  expressed  withont  reference 
Bp  friction  and   resistance  of  the  me- 
dftnn.     Not  what  motion  ever  really 
is,  bat  what  it  would  be,  if  retarding 
forces  were  absent^  is  asserted.    If  any 
retarding  force  is  taken  into  account, 
then  the  effect  of  this  retarding  force 
la  alone  contemplated ;  neglecting  the 
other   retarding  forces/*     This   group 

Bftcienoes  introduces  a  new  order  of 
AS  which  call  out  a  different  form 
of  mental  exercise.  Tliey  deal  with 
canaatton,  and  have  great  value  in 
^▼ing  *•  distinctness  and  strength  to 
the  consciousness  of  canse  and  e^ect.^* 
By  familiarizing  the  mind  with  num- 
berlaBA  simple  and  separate  cases  of 
the  action  of  forces,  *'  they  make  it  im- 
possible to  think  of  any  effect  as  aris' 
log  without  a  canse,  or  any  cause  as 
earpended  without  an  effect;  and  they 
make  it  impossible  to  think  of  an  effect 
out  of  proportion  to  its  cause,  or  a 
canse  out  of  proportion  to  its  effect," 

Mr.  Spencer's  third  division  com- 
prises   what  he    terms    the    concrete 
Boea,  or    the    reol^   as    contrasted 
the  wholly  or  partiaOy  ideal  sci- 
They  include  astronomy,  geol- 
l,  biology,  and  psychology,  which 
TOL.  m,— 88 


consider  phenomena  in  their  totalities 
or  aggregates.  These  sciences,  being 
far  more  complex  than  the  preceding, 
and  presenting  their  various  phenom- 
ena in  combination,  are  suited  to  cul- 
tivate the  synthotical  habit  of  mind^ 
and  to  familiarize  it  witli  complex 
causaHon,  Mr.  Spencer  shows  that, 
while  the  concrete  sciences  cannot  be 
made  to  give  the  mental  discipline  of 
the  simpler  groups,  they  are  indis* 
pensable  to  exercise  the  mind  upon 
the  fundamental  conceptiona  of  con* 
tinuity,  complexity,  and  contingency 
in  causation,  and  which  are  of  the 
highest  importance  in  tlie  judgment 
of  common  affairs. 

The  authorities  cited  above^  and 
which  might  have  been  greatly  multi- 
plied, establish  the  fact,  beyond  cavil, 
that  there  is  a  profound  deficiency  In 
the  discipline  of  the  current  classical 
system  of  study ;  and  they  all  agree 
that  the  introduction  of  science  is 
alone  competent  to  afford  a  remedy, 
Mr.  Spencer  has  shown  not  only  how 
comprehensive  and  varied  is  the  ilis- 
cjpline  which  the  sciences  are  capable 
of  yielding,  bat  he  has  pointed  out  the 
radical  insufficiency  of  limited  portions 
of  soience  for  that  complete  mental 
training  which  it  is  the  object  of  the 
higher  education  to  give.  In  the  in*; 
terests  of  mental  discifdine,  therefore," 
we  are  compelled  to  demand  a  recon- 
struction of  the  curriculum  of  **  Mberal 
culture,"  with  not  merely  more  of  soi- 
ence in  it,  but  with  sncli  an  organized, 
scheme  of  scientific  studios  as  will  ao*' 
complish  the  end  desired, 

LITERARY  NOTICES. 

POPPLAH  LfCTUHES  on  SciINTinO  SlIBJICTS, 

By  H,  BELjraoLTC,  Professor  of  Physics 
in  the  Utiireraity  of  Berlin.  Translated 
by  E.  Atkinson,  Ph.  D.,  F,  C.  S.,  Pro- 
lessor  of  Exp<?rimfntal  Science,  Hoff 
Oolite,  With  an  Introduction  by  Prof. 
Ttkdall.  Ne«'  York  :  B.  Appleton  k 
Co,,  1878, 

Tdis  iflf  in  sevor&l  respects,  the  moat 
important  scientifc  publication  of  th^  vt^/- 
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woBky  its  iDter«st  being  due  not  done  to  its 
Tftliuible  cotitentSf  but  quite  as  much  to  the 
Ibrm  in  which  they  have  been  put  bj  their 
illuBtiiotifl  Author.  When  the  present  Ho>{th- 
tr  was  Btarted,  BurpKao  was  expressed  in 
TAfioua  quarters  at  ibe  broad  scope  of  itfi 
disicuBeions,  which  it  was  said  went  far  be- 
jond  the  legitimate  meaning  of  our  title. 
Scienee  being  considerud  aa  a  kind  of 
tough  and  forbid  ding  knowledge  belouging 
to  laboratories,  obaervatories,  and  apothe- 
caHcfl*  shops,  popular  science  was  regarded 
.  fts  the  same  kind  of  knowledge  loosely 
[  itated  in  common  language.  At  the  outlet 
we  rejected  this  view  as  narrow  and  false, 
holding  that  Beienec^  instead  of  pertaining 
to  certain  tilings,  eonaisCs  in  a  method  of 
knowing,  which  applies  to  ail  things  that 
oan  be  known^  and  that  popolar  sdence 
must  be  equally  oompreheosiTe.  Science 
Itself  being  progreBsivc,  its  great  army  of 
workers  is  constantly  engaged  In  extending 
and  correcting  it  by  numberless  processes 
of  original  investigation^  while  it  is  the 
office  ol  popular  science  to  bring  its  con- 
cloflioiis,  applications,  and  results,  into  the 
sphere  of  common  thought  Learned  men 
long  neglected  the  duty  they  owed  to  the 
public  to  clothe  the  result  of  their  labors  in 
authorised  and  acceptable  forms  for  gen- 
eral use,  and  the  consequence  was  that  this 
work  waa  done  by  incompetent  hands,  and 
degesemted  Into  mere  Bmusement  and  rec- 
reation ;  but,  with  the  progress  of  liberal 
opinion,  the  dii'uHion  of  education,  and  in- 
creasing respect  for  the  rights  and  welfare 
of  the  people,  eminent  men  of  science  have 
turned  their  attention  seriously  to  the  task 
of  emt>odyiQg  tbeu-  idens  in  popular  form. 

In  his  tntroduction  to  the  present  vol- 
ume»  Prof*  Tyndail  remarks :  '*  One  evening 
during  my  residence  in  Berlin,  my  friend 
Dn  Du  Bois-Reymoud  put  a  pamphlet  in 
my  hands,  remarking  tliat  it  was  the  *  pro* 
duction  of  the  first  head  in  Europe  since 
the  death  of  Jaeobr,^  and  that  *  it  ought  to 
be  translated  into  English.'"  That  "first 
head  in  Europe  *'  was  on  the  shoulders  of 
HelniholtK,  nnd  the  pamphlet  was  his  cele- 
brated essay  on  the  *^  Interaction  of  the 
Natural  Forces,"  which  has  been  eiten- 
lively  circulated  in  this  country,  and  is 
one  of  the  most  elegant  and  popular  expo* 
altioDS  of  the  doctrine  of  the  *^  Conserra- 


tion  of  Force  *^  that  has  ap|ieBi«d  In  any 
language.  The  firat  complete  work  of  Pwt 
Hdmboltz  in  English  is  the  voIuhni  now 
issued,  conslating  of  popular  Lectarea  on 
scientific  subjects.  Speaking  of  these  lod- 
ures  in  his  preface,  the  author  sayi :  **lf  I 
may  claim  that  they  have  any  lesdtng 
thought,  it  would  be  that  I  have  end^vortd 
to  illustrate  the  essence  and  the  import  of 
natural  laws  and  their  relation  to  the  neo* 
tal  activity  of  man.  This  aeems  lo  me  HbS 
chief  interest  and  the  chief  ne^d  tn  leetnisi 
before  a  publie  whose  education  ho  bem 
mamly  liteiary."  It  is  gintifVing  to  note  thai 
this  statement  of  the  dilef  aim  of  popaltf 
sdence  entirely  coincides  with  the  virw 
presented  in  the  prospectus  of  Tai  Parr- 

LAA  SC[13(CS   MOTfTELT.      It    19    nOt    th*  &t 

literate  that  are  to  be  addreasad,  but  tbt 
classes  that  have  reoeired  sqcb  cnltivados 
as  the  prevailing  educational  ejstem  afford^ 
while  the  development  and  Ulnstratien  d 
natural  laws  in  their  bearing  upon  thebJfbiv 
nature  and  elements  of  man  is  the  idtiBiilt 
and  most  important  end  to  be  attaitiid, 

HsaMAN^  Lunwio  FERn]if.4j$n  HKUBOLif 
was  born  at  Potsdam  Ld  1821.  He  fla^i^ 
medicine,  and  was  at  first  military  pbyilcfti 
and  afterward  assistant  at  the  AitrOQeoiiiSl 
Museum  at  Berlin  in  ISiS.  From  iMtiB 
1852  he  was  Professor  of  Pliyeiologf  b  tfc» 
University  of  Kdnlgaberg.  He  besiBt 
Professor  of  Physiology  at  the  UnittrtHf 
of  Bonn  in  1856,  and  in  taas  acoeptid 
physiological  chair  in  the  tJniTeril^ 
Ileidelberg.  He  is  now  reetuhlbM 
Berlin  as  professor  in  the  mdmenlty 
that  city.  Prof.  Relmholta  has  ati 
recognized  pre-eminence  in  three  gnat  _ 
partmeutsof  knowledge — phyiiobgjrfphl^ 
ics,  and  mathematics.  Ee  began  with  til 
$titdy  of  physiology,  but,  finding  that  It 
dependent  upon  physic*,  be  procefded 
master  the  physical  field.  But  here, 
ing  again  that  physics  depends  upon 
matics,  be  pushed  on  to  the  oonqti 
this  department  of  sefenee.  Bit 
works  are  on  **  Physiological  Opdcs**! 
"  The  Physiology  of  Audition,"  and,  ly 
thorough  acquaintance  with  pbTttCf 
mathematics,  he  has  gre«Uy  sntkM 
extended  our  knowledge  of  tlM 
these  higher  senses.  Prot  R^ 
tellecC  is  charaoteriMd  by  grs«l 
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Hthttio  graap,  which  leadfl  him  to  take 
fiews,  and  treat  the  subjects  he  en* 
ten  upeo  with  comprehetiFiTciieaa.  The 
opening  and  cIosiDg  papers  of  the  present 
ToUime — ^tbe  first,  *'  On  the  Relntioa  of 
Natural  Sdeace  to  Science  in  Generalj**  and 
the  last,  "On  the  Aim  and  Progress  of 
FhjaicaJ  Science  " — ace  admirable  eiamplea 
of  thia  broad  judicial  treatmeni  of  the  sub- 
jdoii  diicuBsed.  Eis  Btatement  of  the  re- 
aedcmfl  of  science  and  philosophy  in  Ger- 
mftajf  and  (he  inSQence  of  tbe  German 
amTersittes  upon  coufceroporary  thougbt^  in 
Ihe  flzal  papeff  ia  especially  admirable.  The 
fiCPiqaaM  also  contains  very  able  articlea  upon 
his  special  iubjecta  of  investigation— one 
**  On  the  Physiolof^^ieal  Causes  of  Harmony 
in  Mtisic,^*  and  another  elaborate  paper,  in 
three  part*!,  **  On  the  Recent  Progresa  of 
the  Theory  of  Viaion.'*  There  is  also  a 
very  interesting'  leoture  '*  On  Go«the^8  Sci- 
ffLtifio  Rcaearches/^  and  an  elaborate  dig' 
onsaion  of  glacial  phenomena.  Two  papers 
are  also  given  ^*'  On  the  Interaction  and 
Conservation  of  Forces,"  a  subject  which 
Prof.  Hehnholtz  has  pursued  independently, 
and  which  in  these  expoaitiona  la  presented 
in  its  fundameotal  prindplefl.  Numerotia 
iUnatratioiiB  enhnnce  the  tnstructiveness  of 
tbe  Tolume,  which,  though  compactly  writ. 
|0D^  ia  still  remarkably  clear  in  itji  explana- 
tUmf.  Prof.  Heimboltz  is  an  emineiit  miuk 
ter  of  the  art  of  statement,  but,  as  bis 
Ihonghtfl  appear  in  a  foreign  inngunge,  the 
force  and  finish  of  the  ori^nal  composition 
•f^  not  to  t>e  looked  for.  Yet  the  several 
trBlittlat*ona  of  this  volume  by  Professors 
Bf«,  BUy,  Jitklnson,  Tyndall,  and  Drs.  Flight 
md  Pye^mitb,  have  been  made  with  great 
oare;,  so  that  the  work  is  as  attractive  and 
t^dalile  in  style  as  it  is  solid  and  instruct- 
ive in  lis  thought.  We  commend  this  book 
lo  aJl  who  are  interested  in  the  higher  sci- 
Mtlfic  problems  of  the  age,  as  treated  by 
Mk«  of  Its  master-minds. 

Tbb    MiJfnuir    Springs    of   ivsm   Ubiitkd 

tBTATSS  AKD  C^KADA,  With  Analyses  and 
Kortes  of  the  Prominent  Spas  of  Eu- 
rotpe,  and  a  List  of  Sea^ae  Hcsorts. 
By  Gborok  E.  Wj^toit,  M.  D.  Kew 
York :  D.  Appleton  k  Co. 

Thie  nuthr>r  of  this  work  seems  at  first 
have  been  ftorely  perplexed  as  to  whether 
are  or  are  not  any  medicinal  Yirtuea 


in  mineral  waters.  The  public  is  inclined 
to  be  credulous  hi  r^ard  to  their  remedial 
uses,  and  the  medical  profession  is  lucUued 
to  be  skeptical  about  them.  In  point  of 
factj  great  numbers  of  people  with  divers 
ail  to  eat  8  seek  the  mmeral  fountains  of  va- 
rious local itieii,  and  use  them  very  much  at 
hap  hazard.  At  the  same  time  he  says 
that,  while  the  American  profession  is  in- 
olined  to  be  incredulous  as  to  the  medical 
services  of  these  springs,  eminent  Euro- 
pean physicians,  such  as  Troueseau  and 
Ni  em  ever,  assign  an  important  place  to 
mineral  waters  in  the  treatment  of  many 
chronic  diseases.  In  this  unsatiitfactory 
state  of  opinion,  Dr.  Walton  entered  sys- 
tematically upon  the  inquiry  as  to  the 
remedial  uses  of  the  mineral  waters  of  the 
United  States  and  Canada,  and  in  the  vol- 
ume now  printed  he  has  endeavored  to  ar- 
range all  the  known  fact*  concerning  them 
in  such  a  manner  that  they  shall  be  readily 
accessible,  and  serve  to  guide  the  reader  tn 
selecting  such  as  shall  be  beat  adapted  to 
his  own  wants  t  "  For  this  purpose  be  has 
constihed  the  best  European  authors,  their 
conclusions  being  drawn  from  hundreds  of 
years  of  laborious  investigation  of  the  spas 
of  Gkrroany,  France,  Switzerlond,  and  Italy. 
It  has  been  interesting,  in  the  course  of  this 
study,  to  note  how  closely  the  conclusions 
dmwn  by  them,  oonoerning  the  action  of 
dlflferent  classes  of  waters,  agree  with  the 
observations  made  at  springs  in  this  coun- 
try independent  of  any  knowledge  of  for- 
eign research.  The  portion  relating  to  the 
springs  of  the  United  States  is  the  result 
of  a  selection  of  credible  evidence  regard- 
ing them  gained  by  correspondence  and 
personal  observation.'* 

Alter  some  preliminary  chapters  on  the 
nature,  clossiication,  and  chemical  con- 
stituents of  mineral  waters  and  their  rela- 
tions to  various  organs  and  diseases,  Dr. 
Walton  confliders  the  springs  of  the  coun- 
try under  the  heads  of  "Saline  Waters,'* 
** Sulphur  Waters,"  "Chalybeate  Waters," 
"  Purgative  Waters,"  "  Calcic  Waters,"  and 
^*  Thermal  Waters,"  and  the  resources  of 
the  whole  country  are  then  given  in  respect 
to  mineral  waters  having  these  various 
properties.  Of  all  the  localities  in  the 
United  States  or  Canada,  Saratoga  is  the 
most  eminent  for  the  extent  and  variety  of 


5i6 


THE  POPULAR  SCIEIfCE  MONTHLY. 


iU  fotmtiuiLfl.  Br.  Walton  gi?ca  the  annly- 
SIS  of  15  of  ltd  sprlQgs,  tabulating  no  less 
than  2a  of  their  cons  tit ucnta  hdd  in  solu- 
tion ;  and  of  tbeir  general  character  bo  re- 
m&rkfl: 

"The  principal  oonstUyenta  of  these 
waters  are  chloride  of  jodiinD^  tho  alkaUtic 
Gtrfoonatefi,  and  carhonic-acid  gas^  hence 
thejr  may  be  termed  alkaline-iatint  waters, 
of  which  tho  fatned  Seltier  Spring  of  Nas- 
sau IB  a  typical  example.  In  point  of  mer- 
it, the  Saratoga  waters  equal,  if  thcj  do 
ikOt  surpass,  any  of  the  kind  in  the  world. 
The  large  amount  of  carbonic  acid  which 
ihej  contain,  and  tho  favorable  combina- 
tion of  ingredients,  render  them  very  easy 
of  digestion,  and,  to  most  persons,  exceed- 
ingly pleasant  to  I  be  taste.  Many  wonder 
why  it  ifl  that  during  the  hot  monthfl  of  the 
year  such  numbtra  crowd  to  Saratoga^ 
thinking  it  only  a  whim  of  fashion  ;  but, 
aside  from  social  attractious  oramusemcnt9j 
there  is  a  pfo.nitiire  value  in  the  water,  and 
pleasure  in  drinking  it,  which  wHl  always 
attract  multitudee  to  its  fountains.  These 
waters  are  especially  adapted  to  cases  of 
d^irpeptia  ;  those  depending  on  high  liTing 
and  an  engorged  condition  of  the  abdom- 
inal Tisoera  are  peculiarly  subject  to  their 
beneficial  influence.  In  jaufvdiee,  dei>end- 
ing  on  catarrh  of  the  biliary  ducts,  they 
are  curatiTe,  and  they  would  undoubtedly 
prove  beneficial  in  caHca  of  ffttll-ttonei  with 
a  teodency  to  their  continual  formation  and 
passage.  In  tmfforffemeni  e/  (he  iivtr^  and 
aU  conditions  of  abdominal  plethora,  they 
are  a  valuable  remedy." 

Of  these  waters  which  "  equal,  if  they 
do  not  surpass,  any  thing  of  the  kind  in  the 
world,"  some  have  been  long  tried,  and 
others  are  new  discoveries.  Tb©  celebrated 
Congress  Spring  has  had  a  world-wide  repu- 
tation from  early  in  the  century  as  one  of 
the  moat  valuable  of  mineral  waters.  The 
Hathom  Spring  has  only  been  known  since 
18G8,  but  it  furnishes  an  excellent  water, 
which  is  coming  rapidly  into  favor.  Dr. 
Walton'says  :  ''*  In  taste  and  general  char- 
acter, It  resembles  the  Congress  water,  but 
is  stronger."  These  waters  '*  bottle  well,'^ 
that  is,  undergo  no  change  by  precipitation, 
and  are  thus  available  for  tmnsportntton  to 
multltudse  who  cannot  vifiit  the  springs. 

The  Gejaer  Spring,  which  also  yields  a 


strong  and  ejLcelle&t  water,  has  lately  st- 
tracted  much  attenlioti.  Our  author  tays 
of  it: 

*^Thls  spring  is  one  of  the  curioflltJii 
of  Saratoga.  It  was  discovered  in  Fel>' 
ruarj,  1870.  During  a  dull  eeaeon, 
owners  of  a  bolt-factory,  ia  which  it  is 
cated,  concluded  to  bore  for  mineral  water. 
They  chose  the  cellar  of  the  factory  in 
which  to  operate.  Having  sunk  a  tube  te 
the  depth  of  154  feet,  the  water  burst  foith 
in  such  a  volume  as  to  entirely  ini 
the  premises.  On  attaching  a  tnbe 
smaller  calibre,  the  water  was  projected 
the  height  of  22  feet,  and  continues 
ing  forth  lu  an  intermittent  stream.  It  k 
highly  charged  with  carbonic-acid  gi£,  M 
much  so  that,  when  drawn  from  a  fsstict 
into  a  glass,  it  foania  up  like  foda^watcr. 
It  is  also  exceedingly  rich  in  salme  COO- 
stituenU.^* 
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SFWfCHl'H      BESCBIPTtTK       SOCl 

Messrs.  William  a  k  Norgate  ha?e 
sued  the  prospectus  of  a  unique  and 
elaborate  work  by  Mr.  Herbert 
consisting  to  a  large  extent  of  the  labulitid 
material  which  be  has  accumulated  for  tui 
'*  rrinciplea  of  Sociology."  In  prepaittioo 
for  the  latter  work,  requiring  as  baMi  U 
induction  large  accumulations  of  data,  ^ 
arranged  for  compari^n,  Mr.  Herbert 
cer,  some  fire  years  ago,  commenced 
collection  and  organixation  of  facts 
Rented  by  societies  of  different  types,  j^ 
and  present.  Though  thia  claasilM  <^ 
pilation  of  materiala  was  entered  upon  rfP^ 
ly  to  facilttate  his  own  work,  yd,  after  ki^ 
ing  broughl  the  mode  of  classifictdoii  19 
a  satisfactory  form,  and  alter  having  M 
some  of  the  lubttss  fiUed  up^  the  results  i^ 
peared  likely  to  be  of  snch  value  tliil  V^ 
Spencer  decided  to  have  the  underiikisf 
executed  with  a  view  to  pnblicatioD:  tl* 
facta  collected  and  arranged  for  easy  r^ 
ence  and  convenient  study  of  their  vA^ 
tions,  being  so  presented^  apart  ftoo  ^ 
potheeei,  as  to  aid  all  students  of  ^^odaJ  U- 
ence  In  testing  such  conclusioins  si  tlKf 
have  drawn  and  in  drawing  othen.  V^ 
work  consists  of  three  large  divi^ioB^ 
Each  comprises  a  set  of  tablet  ^hllri^ 
the  facts  as  abstracted  and  classified,  oA » 
moss  of  quolationa  and  abridged  dtadii 
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oUienrUe  ol4S9l£ed,  on  wltich  the  state- 
ments coDtaiued  in  tbe  tables  ire  bued. 
The  condensed  Ktatemeiitfl^  arrangisd  after  a 
oniform  maDner,  give  at  oue  view,  in  each 
table  or  tueeeaaton  of  tables,  ibo  phcDom- 
tsDM,  of  all  Of  dew  wbidi  each  society  pre- 
tend— couatitute  an  account  of  its  mor- 
phologj,  ly  physiology,  and  (if  a  society 
hAving  a  known  History)  its  development 
On  \ht  other  hsnd,  the  collected  extracts, 
ierriog  as  anthoHties  for  tbe  statements  in 
the  tables,  are  (or,  rather^  wiU  be,  when  the 
work  is  complete)  olofslfied  primarily  ac- 
oordiBg  to  tbe  kinds  of  phenomena  to  which 
they  refer,  and  aecondarily  nccordiog  to  the 
societies  exhibiting  theeo  phenomena;  so 
that  cacb  kind  of  phenomenon,  as  it  is  di»* 
pUjed  in  atl  societies,  may  bo  separately 
itadled  with  convenience.  The  three  divis- 
lOQi,  each  thuj  constituted,  comprehend 
three  groups  of  societies:  1«  UnchUiud 
SociMm;  1  CieiliMed  SodHtiet—ExHrui  or 
Ike0iffid ;  8.  CwUiaed  Socidie* — Eeemt  or 
M  FtomHshinff,  Several  sample  tables  have 
tiees  Mint  us,  and  as  a  specimen  of  the  claij- 
^fkotory  headings  under  which  the  immense 
snmj  of  facta  are  grouped,  we  shaU  give 
thoao  bdoogiog  to  Table  IX.  of  Division  I. 
C'UoolTilixed  Racee ''),  the  Sandwlcb-Island- 
frt^  ona  of  the  Malavo-Poh'ne»ian  Races. 
Pint  are  given  their  Inorganic  Environment 
[Cfimate,  Surface);  Organic  Environment 
egetaL,  Animal);  Sociological  Environ- 
jneni  (adjacent  tribes),  Physical,  Emotional, 
and  Intcltcctoal  Characters.  Then  follow 
ilii  tables^  divided  inboStructuml  and  Func- 
tional, each  of  which  is  ftahdividcfl  into 
OperatiTe  and  Regulative.  Tbe  Structural 
Qperattvv  S«  again  subdivided  into  Opera- 
thmttad  Regulative;  tbe  Structural  Ri^- 

0  ii  subdivided   into  Political  (Civit 

(Marital,  FUial),  Pablic],  ifi/j- 

Xedeaiaatical,  and  Ceremonial  {Afuii- 

imM^  ^wral  JUUt,  Lavt  of  Intercourse^ 
and  Ctaiomt'l.  Under  Funclional, 
t^  Begolative  is  subdivided  into  Sentiments 
MoroT^  Ideas  {SupertUtwnt^ 
-],  and  Language;  the  Operative 

Pfooetaea  [ZHMrihuthuy  BDchange^  Pro* 

At%  i^eoWf^,  sfe.),  and  Products 

*  Work9^     BahitatUma^    ete,,    Fk>6d^ 

).   Uiidar  each  final  subdivision  am- 
|lf  d*^ils  are  glren.    Tbe  value  of  sncb  a 


work  to  all  students  of  sociology,  and  of  man^ 
kind  generally,  will  be  inestimable. — IfQtur§, 

IjTTBODircTiOJr  TO  QmtuiCAL  Phtsios,  ok- 
SIGNED  roE  Toa  Uea  of  AoiDEMiaa, 
Uian-ScHooLB,  aim  Colleoks.  By  T,  R. 
FvKOHON,  M.  A.,  Professor  of  Chemistry 
and  tbe  Natural  Scieucea  in  Trinity  Cot 
lege,  HartfonL  New  York:  D.  Tan 
No  St  rand. 

The  principle  of  subdivision  of  labor, 
upon  which  our  civiUxatJon  leeta,  is  nowhere 
more  marked  than  in  education.  A«  knowl- 
edge extend fi,  and  greater  tho roughness  of 
study  la  demauded,  science  inevitably  be- 
comes  specialized,  A  few  years  ago,  two 
or  three  introductory  chaptL^rs  on  the  phya^ 
ics  of  the  subject  were  prefixed  to  tbe 
treatises  on  chemistry:  now  an  mdependent 
volume  is  required  fw  the  purpose.  HU- 
ler's  *^  Chemical  Physics  "  ia  part  of  his  ency- 
clopaedic work  upon  chemical  idence;  but 
Prof.  PynchoD*a  book  ia  a  complete  treatise 
upon  the  subject,  independently  preaented. 
The  aothor  considers  the  Inttmate  bearings 
of  beat,  light,  and  electricity,  upon  the  pro- 
duction of  chemical  phenomeQu,  and  Ids 
eipositioo  is  so  full  that  it  not  only  meets 
tbe  wants  of  tbe  higher  educational  institu- 
tions, but  will  prove  equally  useM  aa  a 
guide  for  manufacturers  and  practical  men. 
We  are  glad  to  see  that  this  work  Is  well 
appreciated  abroad.  The  London  Mining 
Journal^  in  a  very  commendatory  review, 
epitomizes  its  contents  as  follows:  *'The 
history  of  chemistry  is  briefly  sketched, 
and  reference  ia  made  to  the  fundamental 
principles  of  the  science,  to  the  apparatna 
used,  to  the  constitution  of  some  of  the 
most  important  chemical  compounds,  to  the 
chemical  agents — heat,  light,  and  electrici- 
ty— and  why  they  are  called  impondernblefl, 
and  to  other  similar  elementary  mattera,  a 
knowledge  of  which  is  required  for  the 
more  profitiible  study  of  the  succeeding 
chapters.  The  chapter  on  the  firat  chem- 
ical agent—heat—is  as  complete  a  treatise 
on  the  subject  as  is  found  tn  the  best  ool* 
lege  text-books  devoted  to  the  subject,  and, 
although  concise,  the  style  is  by  no  means 
uninteresting;  the  diffusion  of  heat-eipan> 
tton,  liquefaction,  ebullition,  evaporation, 
apeolfic  heat,  sources  of  beat,  nature  of 
heat,  are  each  treated  of,  the  explanations 
being  rendered  particularly  clear  by  the  ad- 
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minble  illustmtioas  by  which  the;  are 
aooompimied.  Light  and  electricitj  are 
dealt  with  in  an  equally  complete  and  satl^ 
Ikctorj  maimer,  ample  d«tailE  being  giTeo 
with  regard  to  the  nature  of  light,  iu 
aouroei,  reSeoUou,  refract  ion,  the  sokr 
ftpeolnun^  fip<;ctruin  analjisiB,  the  effect  of 
lights  and  the  relations  of  light  and  heat ; 
while  iu  the  chapter  upon  electricity  there 
are  very  full  aectioiua  upon  Atatiatical  and 
galranic  dectrictty^  electro-magnetism,  mag* 
Xi«rU>-,  ihermo-f  and  animal  eleclrictty,  and 
the  relatioDB  which  the  several  chemical 
agenta  bear  lo  each  other/' 

FirrH  Akxual  Rapoar  on  tbs  Noxious, 

BXNETICLLL  AND  OTHSR   INBSCTS   OF    TOE 

SrjkTE  OF  Mjbsocrl     By  Cbables  V. 
BelbT)  State  Entomologist.     187S. 

That  abundance  of  correct  ioforma- 
tlon  about  the  habita  of  norioufi  inaeets 
should  be  diffused  among  fanners  is  a  thing 
of  capital  importance.  Many  insect-pesta, 
which  in  former  timea  ravaged  the  fields 
and  orchards  with  impunity,  are  now  easily 
held  in  check,  or  exterminated,  owing  to 
the  enlarged   knowledge  derired  from  the 

I  researches  of  scientific  entomologists.  For 
bu^taoce^  al^er  it  is  once  known  thai  the 
part^nt  Heasiao  fly  makes  lis  first  appear- 
ance iu  the  hititude  of  Hissourij  about  the 
beginning  of  September,  and  usuaEy  disap* 
pears  before  the  end  of  that  month,  the 
prudent  farmer  will  preserve  his  grain  from 
the  attacks  of  that  destroyer  by  deferring 
his  plaotmg  till  October.  In  like  manner, 
the  army  worm  may  be  defeated  by  bum- 
faig  ap  her  eggs  with  the  grass-atalks  in 
which  they  are  deposited.  Or  we  may  en- 
list in  our  service  the  natural  enemies  of 
the  various  inseot  -  pests,  such  as  birdS| 
toads,  snakes.  But  their  greatest  foes  are 
**•  those  of  their  own  household,"  prodaceuus 
or  cannibal  and  parasitic  insects.  The 
study  of  the  habits  of  these  Insect  aUies  and 
insect  enemies  of  the  husbandman  is  the  oe- 
oupalion  of  the  practical  eutomalogist  The 
importance  of  entomological  resenrch  is 
now  more  generally  recognized  than  it  wns 
a  few  years  ago,  when  Dr,  Asa  Fitch,  of 
New  York,  was  the  only  State  entomolo- 
gist in  the  Union.  New  York,  it  is  true, 
DO  longer  employs  an  enlomologist,  having 
rerj  unwisely  aboliehed  the  office  two  years 

.ago.     Other  States,  however^  have  Insti- 


tnted  the  office,  and  Uieir  example  la 
to  be  imitated  throughout  the  Union. 
States  at  present  emplojring 
are  Majsachasetta,  Connecticut^  lUinota, 
Missouri,  and  Mr.  Townsend  Glorer  k 
tachcd  to  the  National  Department  of 
culture,  m  the  same  capacity, 

Mr.  Hiley's  very  able  report  U  In 
perfectly  satisfactory  evidence  of  the 
of  such  atudies. 

We  are  pleased  to  tee  incorporated  wtdk 
the  report  a  succinct  treatise  on  eototnol- 
ogy,  intended  to  ^ve  the  intelligent  fi 
an  easy  introduction  to  the  adenee^ 
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Eighteenth  jUisuaJL  Rtpoar  or  tnt 
or  DijuscTUKS  or  thi  St.  Louis 
Schools^  for  the  Year  ending  Aug&tt  1, 
18T2.     With  Appendix  ;  pp.  %l% 

This  report  contains  a  good  deal  ^ 
portant  matter  tliat  has  a  more  thaa 
value:     Besides  many  Instructive  detsili 
jating  to  the  management  of  the  Sl 
schools,  their  accomplished  superini 
Mr.  W.  T.  Harris,  gires  us   his  flew* 
grading  and  cksaification  in  a  syvtem  of 
schools,  on  the  course  of  study  for  tlw  pat- 
lie  school  best  suited  to  modem  nsqiui» 
ments,  and   on   the  important  snbjert 
school  discipHne.     On  the  practice  of 
ping  in  schools,  he  quotes  from  So| 
ent  Mouteith,  as  follows ;  "  The 
nate  use  of  the  wbip  in  school  Is  a 
which  is  to  be  condemned  as 
cruel,  and  wicked*    It  is  a  wonder  iliil 
dety  is  so  indulgent  toward  that  whii^ 
Applied  to  animals  instead  of  chUdrvo, 
not  bo  tolerated  for  a  moment,.    I  negftt 
say  it,  but  it  is  true,  that  a  *  society  f«f 
prevention  of  cruelty  to  children*  cesM 
work  for  humane  hands  in  many 
schools.    The  case  is  aggravated  wha 
oongider,  further,  that  about  twa-thirdt«f 
the  whippings  which  sobool-childi 
are  inflicted  for  ofTcncos  for  which 
in  no  way  responsible.    The  ci 
commit,  upon  which  pedagogical  n 
IS  wreaked,  when  stripped  of  the  ooilor, 
to  them  hy  unmeaning  and  fm'flfff  : 
are  dmply  the  crimes  of  being  a  boj  isl 
being  a  girl    They  are  too  often  Cftnrt 
which  are  incited  by  had  air,  cold  f<^ 
shoulders,  overwork,  and  long  coi 
They  arc  crimes  which  the  parents 
same  children  are  accustornvnl  to 
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themselves,  when  thcj  ait  in  church,  bj  the 
iuiodias  or  leogth  of  tlie  sermon,  or  other 
:tini9taDcea  tb&t  oifead  agiunj^t  Nature^ 
aaJ  which  the j  sometuues  fiooihe  with  fennel 
or  b&rtshom,  or  by  changing  of  poBitiotif 
aod  not  addotn  irtth  sleep.  When  children 
IcDoir  tbej  are  not  reaJlj  deserving  of  ptin- 
khsie&t,  the  effect  of  whipping  ia  to  deaden 
themoraiaenaibllities,  diminish  aelf-reitpect, 
and  render  joung  natures  mde,  reckless, 
and  deaperatc/' 

Th«  report  proper  closes  with  a  fumma- 
rised  itatcment  of  the  more  Important  feat- 
area  of  the  St.  Louis  school  ayBtem,  which, 
both  for  the  intelligent  care  with  which  tt 
ia  dif«ci«d,  and  the  excellent  results  at- 
tiUMdi  ia  vorthj  of  the  conatderatioo  of 
fldttcaton  generallj. 


l^    Th« 


r  09  ▲  ToFOOaAFQIOUUi  SURVXT  07  TBI 

AoiBOKoacK  WiL0£JtitiS3  or  New  Yoek. 
Hjr  TnrLiKCK  Coltot.  Albany,  1B73. 
The  Argus  Company,  Priniens. 

TBI8  is  an  important  conlribution  to  the 
pofpwghj  of  the  State  of  New  York.  All 
tbe  utapa  of  the  Adirondack  region  hitherto 
pQbllahed  abound  in  inaccuraeiea,  which  are 
here,  for  the  first  time,  authoritatively  cor- 
rected. Bvea  so  prominent  a  landmark  as 
Xottst  Harcy,  the  highest  mouutain  of  the 
Staiet  is,  in  the  usual  maps,  located  miles 
digtani  from  its  tmo  place«  Wbcn  a  map 
of  the  Wildernesa  is  constructed  on  the 
data  of  Mr.  Colvin^g  surTey,  it  will  indicate 
a  moltitudc  of  great  streams,  lakes,  and 
uomilain  elerattona,  quite  ignored  by  the 
■ip-iBAkera<  With  regard  to  the  future  of 
the  Wildeme^  Mr.  ColFin  thinks  that  the 
whole  watershed  of  the  Hudson,  within  the 
Eaihj  of  the  Adirondack  region,  Bbould  be 
pitatrred  in  tta  present  coo di lion,  as  a  for. 
«ac  Ikrm,  and  aa  a  source  of  water-supply 
fcr  ib«  cltie*  and  great  towns  on  the  flud- 
nn,  from  Troy  to  New  York  and  Brooklyn. 
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WmmU  laiikfy!?.— With  the  title  "On 
th*?  Primltire  Typen  of  the  Orders  of  Mam- 
luliA  EdncabHia,"  Prof.  E.  D.  Cope  recent- 
ly  road  a  rery  remarkable  pap«r  before  the 
Ancriran  Fbtloaophtcal  Society.  The  pro- 
ttmmjpr  referred  to  a  prerione  description^  by 
dna  under  the 


name  Anaplomorphut  tmmtiu$^  in  which  he 
pointed  out  aim ilari ties  of  the  teeth  and 
other  parts  to  like  parts  in  monkeys  and 
man.  Uc  also  quoted  Prof.  0,  C.  Morah  as 
saying  that  three  fosail  genera,  prerioujsly 
described  by  himself^  were  all  referable  to 
the  Quadnunana,  or  monkeys,  saying  ^at 
'^  they  hare  the  principal  parte  of  the  skel- 
eton much  aa  in  some  of  the  lemurs,"  the 
lowest  of  the  monkey  rai.e.  Some  fossil 
remains,  previously  described  by  Prof.  Cope, 
were  referred  to  a  genus  Jbmiiherium,  but 
with  no  suggestion  as  to  the  order  to  which 
they  might  belong,  A  reexamination  of 
this  genus  has  caused  it  to  be  referred  to 
the  Qaudriimana,  A  remArkable  lletiture  in 
the  osteology  of  this  genua  is,  the  relation- 
ship shown  also  to  the  Coati  (-Vajtw^j).  *'  The 
firat  impression  derived  from  the  appear- 
ance of  the  lower  jaw  and  dentition,  and 
from  the  humerus,  is  that  of  an  ally  of  the 
Coati  (Natua).  The  humerus,  indeed,  is 
almost  a  fac-simile  of  that  of  A^o^ua.  .  .  A 
comparison  with  Kiuua  reveals  no  distant 
aUSnity.^^  The  i'o&sLl  remains  of  these  an- 
cient monkeys  were  obtained  in  Eoeene 
strata  in  the  Bridger  b«ds  on  Black's  Poik, 
Wyoming,  and  already  some  seven  species 
are  described. 

As  an  example  of  remarkable  scientific 
prescience,  as  regards  this  monkey -couain^ 
ship  of  the  yiusua,  or  Coati- Mondi,  we  give 
the  foUowing  foot-note  on  page  six  of  this 
interestitig  paper:  **  Dr.  Lock  wood,  of  Rut^ 
gers  College,  in  a  recent  number  of  The 
PopiTLaa  Science  Montult,  ejc pressed  seri- 
ous suspicions  of  the  quadrunmnous  rela- 
tionships of  the  Coati,  little  thinkiug  at  the 
time  that  tbe  specimens  to  confirm  his 
view  were,  at  that  moment,  in  the  hands 
of  palaeontologists.''  It  is  also  worthy  of 
mention  that  Prof  Lockwood's  singular  in* 
ductlon  was  worked  out  of  psyehulogicat 
considerations,  he  stating  that  tiie  material 
basis  was  not  at  hand,  although  be  insisted 
that  such  must  exist.  Results  like  the  above 
cannot  but  give  confidence  in  the  prooessetf 
of  the  science  of  compsrutive  anatomy. 

light-Wafes  md  Se^ond-WaTe^— A  cu- 
rious instance  of  the  analogies  of  light  and 
sound  is  given  in  the  Mtdimf  Tiinen^  from 
a  German  medical  journal  Two  brothers, 
named  Nussbanmer,  are  eald  to  recdve  i 
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ual  impressions  fnym  sounds.  When  a  oer* 
tain  note  b  atnick  upon  the  piaoo.  the 
'  broihera  at  onc(>  have  a  seuaation  of  a  cer- 
tain corroipODdiDg  color^  which  Lg  not,  bow- 
erer,  identical  for  both.  Thus  the  note 
which  produces  in  the  one  the  impression 
of  dark  Prusaian  blue^  produces  in  the  other 
ihftt  of  dark  jdlow.  Thoy  do  not,  however^ 
perceirc  aH  colors  on  occaaion  of  hearing 
sounds.  One  of  the  brothers  has  sensations 
of  jellow,  brown^  and  violet,  moat  frequent- 
ly ;  while  blue,  yellow,  and  brown,  are  most 
frequent  with  the  other.  One  of  tbeni  never 
ibastlie  flensations  of  red^  ^i^*^ni  blacky  or 
I  white,  awakened  by  musical  notes,  though 
Icn  one  occasion  he  says  thn^t,  suddenly  hear- 
ing a  noise  from  the  Ming  of  a  saw,  he  had 
the  sensation  of  green.  No  doubt  it  is  very 
diffieult  to  be  eeoure  against  deception  in 
such  a  matter  as  Ihia  ;  but  we  may  add  that 
Prot  Bruhl,  of  Vienna,  after  thorough  in- 
vestigatioD^  is  aatiified  that  there  iis  no 
finnd. 

Mfteorotagifiil  Obsemtlonifii  tbf  Tpper 

Itmt^^phfrf. — We  take,  from  tlie  Proceed- 
inga  of  the  French  Academy  of  Sciencofl,  the 
following  interesting  acconnt  of  meteorologi- 
cal observations  made  by  M.  G.  Tissandier 
during  a  ballaon-ascension  in  the  month  of 
February  hist :  Six  gentlemen  accompanied 
M.  Tissandier  on  his  aerial  voyage.  The 
balloon,  whose  capacity  was  2,000  cubic 
metres,  was  filled  with  illuminating  gas. 
The  ascent  was  made  fh)m  the  city  of  Paria, 
and  the  voyagers  soon  foimd  themselves  at 
an  altitude  of  1,200  metree,  and  enveloped 
in  a  dense  layer  of  cloud.^  Uaving  risen 
above  thi«  stratum  of  cloud,  they  entered  a 
region  where  the  snn^s  rays  were  intensely 
bright,  and  the  heavens  of  a  deep  blue. 
For  about  three  hours  they  sailed  ftt  an  ele^ 
yation  of  about  4O0  metres  above  the 
donds.  The  shadow  of  the  balloon,  as  ti 
fell  on  this  ooejin  of  vapor,  was  very  re* 
markable.  At  an  elevation  of  1,860  metres 
the  shadow  of  the  balloon  itaclf  bad  no 
halo,  though  one  was  visible  around  the 
shadow  of  the  boat  At  1^700  metres  the 
balloon^s  shadow  was  surrounded  with 
rings  of  rainbow  hues.  Again,  and  at  the 
same  elevation,  there  appeared  three  di§* 
tinct  ooDcentric  halos.  In  all  cases  the 
violet  was  on  the  Inner  and  the  red  on  the 


outer  side  of  the  baloa,  bnt  tbe  blue  i 
the  orange  colors  were  most  clearly  < 

The  temperature  was  very  high,  being 
1*1. h"*  Cent.,  and  tbe  sun^s  rays  so  hoi  aa  to 
bum  the  face.  The  greatest  altitude  at- 
tained wta  2^000  metres.  At  tbe  baUoonisii 
descended  through  tbe  doud,  a  eopper  wire 
suspended  from  the  boat  gave  strong  iiidi<' 
cations  of  electricity.  On  rcftcbing  l,iUO 
metres,  where  the  doud  was  dcnsist,  Iha 
voyagers  were  unable  to  see  tbe  btHoait 
above  them,  and  were  chilled  by  tbe  eoki, 
the  thennometer  showing  2*  Cent  Tbe 
copper  wire  gave  out  vivid  sparks,  and  wis 
quickly  coated  with  ice-crystals,  wbkfa  glifr 
tened  like  diamonds.  Similar  crjrstab  fomed 
on  the  boat»  and  on  the  clothes  and 
of  the  voyagers. 

The  descent  was  made  at  Montii 
distant  120  kilometres  from  Paris. 
3  hours  and  46  minutes.  SL  Tia 
thinkd  that  the  dense  opaline  cloud  thronfh 
which  he  pftMod  is  made  up  of  ice-eiyttals. 
The  paper  by  Mobr.  in  The  Poftlix  Sa- 
ENC£  MoHTHLT  for  May,  shows  that  \ 
can  resist  crystollisation  at  a  far  lo« 
tempera tnre  than  2^  Cent 

Social  ReUtlons  of  Ant^.— Ai  the  < 
gress  of  Swiss  Naturaligts,  wlilch  i 
in  August  of  last  year  at  FHburg,  AagM** 
Forel  read  an  address  upon  the  "  Social  Bs- 
lationfi  of  T  a  nous  Speciea  of  Acta*"  i 
neat  ta  sometimes  occuirfcd  by  *  ooaunaDi^ 
belongbig  to  one  apedes,  aomedmea  ^  i 
community  made  up  of  two  or  more  sptei^ 
but  all  have  the  three  classes  of  inali%  ft 
males,  and  workers.  In  a  mixed 
nlty  there  will  sometimea  be  found  slafi 
that  is,  workers  of  a  difierent  spedes  ibi# 
captive  while  still  in  tbe  oooooo.  WiM'_ 
those  emerge  from  their  silken 
they  become  the  friends  and  wilKng  1 
of  their  oaptora,  u  though  such  werr  t 
natural  desthiy.  A  mixed  commoiiJij  I 
braces  all  three  seses  of  tlie  captor  «)» 
but  only  workers,  or  neuters,  of  the  < 
tive.  The  Polytr^uM  mfutrnt  and  t^  J 
miea  8anffuin§a  both  make  slaves  ti  ) 
Formica  fiuea.  The  Pi>lyerpu  is  i 
indolent,  but  the  F.  tmngtimea  i 
slaves  in  their  work. 

There  are  ceruin  spedei  of  anlf  i 
live  by  the  labor  of  otbecv  wltboQt  < 
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To  this  elans  belongs  the  Anef' 
Wii,  ft  species  wbidi  Have  no 
tt  which,  both  males  and  females 
aUke,  UTe  in  companj  with  the  rorkem  of 
the  T^irwmt^rium  empitum,  and  are  tended 
hj  these  latter,  though  the  termB  od  vbich 
the  aosodation  is  formed  are  not  known. 
The  Skymffyfo^naifim  Utiaama  also  Uvea  by 
the  charity  of  the  Tetranwriam,  Bat  the 
author  has  discoTered  a  species  of  Stronffy- 
la^maihug  haviiig  tme  slaves. 

Tbeo  ther«  are  mixed  cominmiltieSf 
wbere  two  speciefl  which  uisuaUy  live  scpa- 
ratelr,  lead  a  life  tn  coitimoD ;  but  this  is  a 
thiog  of  very  rare  occurrence,  and  but 
little  i&Tefltigatcd.  M,  Fopel  has  found 
ants'  nes(a  inbahitcd  by  the  Formica  trun- 
deela  and  the  F.  /w#m,  by  the  Tapinoma 
mMtHtum^  and  the  Bothryomyrmffiy  etc.  On 
the  other  hand^  ho  has  also  met  with  com- 
of  the  ^*  tanffumea^  without  slares. 


I mnuviee 

^H     lahfi 
^Idied  b 


iBhtrttfd   Tntfs   of  Surgical    Operas 

In  his  fifth  lecture  on  **  Eggfl,'*  pub- 
Bihed  by  the  Tribuw:  of  April  26th,  Prof, 
Agaasla  has  the  following  on  the  transmis' 
■loo  of  individual  pGculiarities  produced  by 
mpcal  operations :  "  But,  while  the  olHce 
of  InheritADCo  ia  to  prcj^erve  typical  feat- 
tiei,  its  power  to  tranamit  individual  pecu- 
Uaritiei  is  aUo  wonderful  My  friend  Dr» 
fifOwn-'S^uardj  who  has  mude  more  ex- 
periments among  anluiab  than  any  man 
Ihlng,  continuing  them  upon  Bnec4*afliT0 
ttionfl,  and  ascertaining  what  dis- 
may be  transmitted^  has  stated  facts 
0  which  almost  defy  belief*  These 
■re  anpnbltshed.  I  will  give  a  few  of 
len.  Be  has  found  that  the  disease  of 
[J  can  be  induced  in  guinea-pi ga  by 
op«rationa,  and  that  this  disease, 
ao  introduced  into  the  system^  may 
litted  from  generation  to  genera^ 
and  thus  become  hereditary.  Wfaore 
opera tioQi  hare  produced  malforma- 
of  the  skin,  as  is  often  the  case,  these 
dho  hare  been  Iransmitted ;  or,  where  the 
ire  been  affected  by  such  operations, 
LTJty  has  been  also  transmittel 
itSon  produced  by  these  crped- 
a  diaeaso  during  the  life  of  a 
I  been  pasicd  down  to  the  ofT 
I  ereti  habits  arising  from  dis- 
hare  been  hiheritod  In  the  aame  way. 


In  one  such  case  the  peculiarity  existed  in 
The  female ;  in  another  it  was  produced  In 
the  male.  In  the  latter  instance  the  male 
transmitted  its  own  diseased  condition  to 
another  generation  through  a  healthy  fe- 
male. More  than  this,  the  female  through 
whom  these  diseased  desoendanti*  had  been 
produced  eventually  became  herself  diseased 
In  the  same  manner  as  the  male.  These 
facta  have  a  fearful  significance*  With 
reference  to  the  process,  the  subtle  influ. 
ence  by  which  such  reaults  are  prodnoed, 
we  must  be  silent  for  the  present,  since  we 
cannot  explain  or  understand  it  AH  that 
we  know  is,  that  a  material  combination 
takes  place  which  enables  us  to  say  that 
tbedc  individual  peculiarities  are  sifted 
through  the  e^g  of  the  female  and  the 
spermatic  particles  of  the  male,  and  may 
reappear  in  their  progeny/* 

CIiy-ctters»^Tljie  Ajjrmnra  Indians,  in- 
habiting the  shores  of  lake  Titfcaca,  and  the 
lofty  plateau  of  the  Andes,  find  the  struggle 
for  existence  hard,  at  an  altitude  of  more 
than  11, TOO  feet  above  the  sea-leveJ.  Tlieir 
principol  articles  of  fond  are  qulnoa^  a  course 
grain  resembling  rice,  and  potatoes,  of 
which  tuber  their  country  is  the  original 
borne.  The  diflleulty  of  boiling  food  at  so 
great  an  altitude  necessitates  the  previous 
maceration  of  all  articles  intended  to  be  so 
cooked.  The  potato  is,  therefore,  prepared 
for  storing  and  uso  by  exposing  it  to  the 
frost ;  then  it  is  placed  in  water^  and 
stamped  Into  a  paste  ;  all  the  soluble  mat- 
fer  is  washed  out,  and  the  starchy  and  fari* 
nciccous  substance  alone  remains.  This  La 
called  e/tMrto,  and  it  is  made  into  a  nu* 
trilioufl  though  insipid  soup.  The  Agma- 
ras  use  clay  as  an  article  of  food,  mixing  it 
with  quinoa.  The  clay  they  use  is  of  a 
wbitisb  color,  and  rather  gritty.  Careful 
analysis  shows  that  it  contains  no  organio 
matter,  and  therefore  it  muat  be  used  mere- 
ly for  the  purpose  of  producing  a  satisfac- 
tory though  delusive  distention  of  the  stom- 
ach. 

Thft  FMtilty  of  DlrfftJoot—It  will  be 
remembered  that^  in  the  course  of  the  dia* 
eusslon  as  to  hereditary  antipathy,  a  side 
question  was  intro<.luced  by  Mr.  Wallace, 
namely,  the  faculty  possessed  bj  certaim 
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auimuU  whereby  they  ira  inlUHblj  guidc^d 
OQ  their  return  UoQi«irard  from  dklaut 
places*  Hr.  W&llaee  thinks  tb«t  ihia  &o* 
ulty  ^  in  dogs  at  least,  idinpty  a  tctj  acute 
eeoBe  of  BtnelL  Aceordmg  to  him,  the  dog 
**  takes  notes  by  the  way  *^  of  the  irarious 
odors  he  passes  tbrou^bf  and  finds  fa  is  way 
bauk  by  taking  the  links  of  this  chain  in 
reversed  order.  But  tblfl  explanation  is 
open  to  very  serious  difficulties,  and  Mr 
Darwin's  simpler  theory  will  appear  far  pref- 
erable. 

Indeed,  Mr.  Wallacc^a  theory  seems 
hardly  broad  enough  to  account  for  more 
than  A  Tery  Ineonaiderable  fraction  of  the 
I  pheootuena  which  it  \&  proposed  to  explain. 
For  dogs»  cats,  horses,  and  the  like,  it  may 
be  good  enough,  until  a  better  theory  is 
fotmd.  But  what  poBsiblo  application  oould 
it  hare  to  such  a  ease  as  the  foDowipg, 
which  is  given  by  Mr.  Edward  W.  Cox,  on 
the  high  aoibority  of  Mn  liubert  Fox,  of 
Falmouth  ?  **  The  flflhermeo  of  Falmontb/' 
writes  Mr.  Cox,  *'  catch  their  crabs  off  the 
Lisard  Bocks,  and  they  are  brijught  into  the 
harbor  at  Falmouth  alire^  and  impounded 
in  a  box  for  sale,  the  shells  being  branded 
with  marks  by  which  every  man  knows  his 
own  fish.  The  place  where  the  box  is  sunk 
la  four  Djiles  from  the  entrance  to  the  har- 
bor, and  that  IS  above  seven  miles  from  the 
pla^c  where  they  are  caught  Cue  of  these 
boxes  was  broken ;  the  branded  crabs  es- 
caped^mnd  two  or  three  days  aflerward  they 
were  ciiiight  agaiu  by  the  fishermen  at  the 
Lixard  Bocks.  They  had  been  carried  to 
FslmouOi  in  a  boat  To  regain  their  home 
they  liad  first  to  find  their  way  to  the  mouth 
of  the  harbor,  and,  when  there^  how  did  they 
know  whether  to  steer  to  the  right  or  to  the 
left,  and  to  travel  sevea  mlbs  to  their  native 
rocks  ¥  " 

It  is  unphilosophical  to  set  up  many  dif- 
ferent hypotbesest  where  one  would  answer. 
For  thiB  reason  we  are  inclined  to  accept 
Mr  Darwio^s  explanation  of  the  phenome- 
non in  question,  rather  than  Mr.  W&1- 
lace^s.  Mr.  Darwin,  it  will  be  seen^  aims  at 
bringing  all  the  plu^nomena  under  one  gen- 
ial bw,  that  of  a  Faculty  of  Direction,  as 
it  may  be  called.  In  conSrmntion  of  tliis 
hjpotheslB,  the  veteran  naturaliat  quotes 
from  Von  WrangelFs  account  of  bis  ex- 
pedition to  North  SiberU,  as  to  the  "  won- 


derful nuumer  in  which  the  natives  kept  • 
true  oonrse  toward  a  perticut&r  spot, 
paasiog  for  a  considermble  distjuioe 
hummocky  ice,  with  inoesaaDl  chu^ei 
direction,  and  with  no  guide  in  the  lieaveii% 
or  on  tiie  froaen  soa."     Svea  with  the 
of  a  compass,  an  experioieod  surve  v 
Yon  WraogeU's  party  f&iied  to  do 
theee  savafiea  easily  efle<?tod,     Mr. 
says  the  Siberiaos  keep  a  sort  of 
reckoning  ^^  of  their  course,  correcting  their 
deviations  partly  by  eyesight,  pmrtly  alia, 
perhaps,  by  a  sense  of  mufiCuW  mor«Dusll^ 
as  some  men  can,  even  with  bonda^  v!^ 
proceed  for  a  abort  disiaiioe  in  a  tUm^ 
tioe,  turn  at  right  aughse,  or  eteo  back 
again.    Some  persons  are  ^*  uitned 
as   we  say,  far   more   eajily   than 
Such  persons  would  very  easDj  lose  thir 
way,  were  they  to  attempt  travensii^  aft  Uf 
tensive  forest,  for  instance,     Mr.  Darwia  « 
iDcHned  to  think  that  some  part  of  the  titiio 
is  ^'  epeciolixed  for  the  Ainction  of  directioiL" 
If  that  is  the  ease,  it  is  very  natural  to  sup- 
pose that  this  specialixatiou  may  he  TSUM 
marked  in  beasts  and  savages  than  tseir* 
ilized  man,  as  the  former  have  more  coft* 
t»Unt  Deed  to  exercise  the  facuttj  of  din^ 
tion  than  the  latter.     Mr.  Darwia  cigiei  ^ 
communication  on  this  subject  bj  cithii  s 
CftAc  from  Audubon,  where  the  faculty  flf 
direction  was  egregiously   at   fkulL     Hi* 
great  ornithologist   kept  a   pinioned  ^^ 
goose  in  confinement,  and,  when  the  tisie  to 
migrating  came,  the  bird  escaped.    issl4iA 
of  proceeding  due  southward,  as  il  ihotlt 
have  done,  the  poor  creature  bcgjto  Its  liflf 
journey  on  foot,  travelling  due  northmi 
exactly  the  wrong  direction. 

DiMts  of  Ue  roriiols«.-The  babsfitf 

of  the  porpoise  in  the  Brighton  (Engw) 
Aquarium  has  been  studied  with  ««A 
interest,  by  Mr.  Henry  Lee,  F.  L.  ^ 
communlcalea  to  lAnd  and  Woir 
teresting  account  of  his  obserratkKu,  ^■ 
Lee  had  previously  enjoyed  frequent  un^ 
tuniUes  of  watching  the  porpose  ai  M 
whether  from  the  bow  of  a  steairier.  ^  o^ 
the  gunwale  of  a  boat,  but  an  > 
broadside  view  of  alt  its  movi  i 
him,  **  a  new,  delightiul,  heart-at'u 
and  one  often  longed  for.**  He 
that  the  tail,  with  its  fiat  bbde  i 
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idfiaoat*llj,  lA  the  only  propdling  iiustra- 
meoi  poatefliad  by  the  atiuoal.  Eren  whw 
Ibe  ereature  la  in  rapid  motion,  the  front 
fifis  han^  stndght  down  bom  the  Bide»^  aud 
cotDie  into  pUy  only  when  it  ^hea  to  dximge 
!l#  ooofseii  or  to  rise  to  the  Burface  for  the 
pa/po0«  of  *'  blowi^g.^*  For  the  hitter  ob- 
ject, both  fins  ftre  raised  towiird  an  homoa- 
tal  poaitltm,  the  action  of  the  tail  is  atoppiid, 
and,  with  theimpeloa  preriouslj  gained,  the 
por|ioiaia  toait  f^tly  to  the  surface  ;  there, 
the  Talve  of  the  blow-hole  opeiiB,  the  breath 
iiea|>ea  with  a  aoond  between  a  di*ep  gigh 
aod  a  quiet  pnlf,  and,  without  the  fiUghtest 
putte,  %be  aoimal  descends  again. 

Tba  new  porpoise  at  BnghtOQ  la  four 
leal  u  inchea  in  length.  The  tank  in 
which  it  It  Icept  ia  102  feet  long,  bo  that 
the  bcaat  baa  a  very  fair  opportunity  to 
flxbtbti  ita  paoea.  The  whole  of  the  first 
day  it  eaal«red  ioc«8*antly  from  end  to  end 
of  tlie  tank,  keeping  usually  at  a  depth  of 
■hoat  Uu€e  feet,  and  riamg  to  blow  every 
U  or  SO  oeconda.  It  was  vet- j  timid,  shying 
al  erery  morement  among  the  spectatord, 
it  flighty  It  showed  a  partiality  for  gas-light, 
rMtiieiing  its  moYomonta  to  the  end  of  the 
tnk  tliat  was  iUunuQated,  The  second  day 
the  oreatttre  was  so  tame  that  it  would  take 
ftjod  from  the  band,  dart  off  with  it,  and 
eona  b«ck  for  more.  When  it  catcher  a 
iih,  it  t^xas  it  by  the  middle  of  the  body^ 
brids  ii  there  for  a  second,  as  if  pressing 
111  laelih  ioto  it,  to  make  it  fieiibk,  and 
tbn  fwallowa  it  at  a  gulp,  without  any  ef- 
fint  to  bolt  it  head  foremost  *^  The  pretty 
^reatiiro,"  continuea  Hr.  Leo,  ^^  has  a  nice, 
go<fdiiattirod  face,  in  which  I  fancy  X  ean 
nlWa  read  an  expression  of  pleasure  and 
■aiaation,  and  is  aa  full  of  fiin  and  frolic  as 
i  Xfwfutmdland  pup,  galloping  along  somc- 
Cklag  liko  a  dog  after  a  stick,  and  tossing 
Qp  its  tjJl  with  a  romping  kick,  as  a  ekit- 
llili  eolt  throws  up  its  hods  in  play.  If 
If  tirta,  as  I  hope  it  will,  it  wll!  probably 
hveotna  as  tame  and  docile  aa  a  sea) ;  for 
Iha  porpoise  is  a  very  Intelligent  animal, 
iJtfcat  A  ivge  brain,  and  acute  seuaibility." 

of  Cholera  In  CDotral  En* 

}^ — Ii  woold  appear  as  if  Asiatic  chol* 

t  uaturaliaed  in  Central  En- 

For  a  Urn  years  paat  the  disoo^e  has 

lorleia  extent  in  the 


Austrian  dominions,  and  ibe  following  notes, 
taken  from  the  liondon  Titw^  will  show  its 
movements  since  the  beginning  of  the  pres- 
ent year.  At  that  time  the  disease  eiistod 
in  numerous  localitlea  of  Galicia  and  Sile- 
sia, and  ia  a  few  places  in  Moraria  and 
Hungary.  It  was  increasing  in  the  city  of 
Lembei'g,  and,  though  declining  in  Buda^ 
Peath,  hod  not  disappeared.  During  the 
month  of  Januiiry  it  invaded  several  new 
locatities  io  Hungary^  Silesia,  Moravia,  aud 
Bohemia,  During  February  the  disease 
stilt  continued  in  the  districts  just  referred 
to,  aod  lingered  in  Buda.  The  garrison  of 
the  Utter  city  suffered  from  a  serious  out- 
break duriug  the  last  week  of  January  and 
the  first  week  of  February* 

The  cessation  of  cholera  00  the  Upper 
Kile  is  reported.  Its  ravages  during  the 
fait  half  of  1872  extended  over  the  entire 
region  bounded  east  and  west  by  the  Bed 
Bea  and  the  Desert,  and  between  Ka^aht, 
in  the  north,  and  Korosko,  in  the  south. 
The  Questions  of  the  internal  flfinitury  con- 
dition of  Persia,  and  the  recent  prevalence 
of  pkgue  aud  frequently-recurring  epidemic 
of  cholera  in  that  country,  are  about  to  be 
submiited  to  a  sanitary  commissioQ  ap- 
pointed by  thtj  European  powers,  Persia^ 
and  Turkey.  It  Is  admitted  that,  so  long 
ae  the  sanitary  conditiDu  of  Persia  remaina 
what  it  la,  Europe  will  continue  to  be  tis- 
ited  by  this  scourge.  The  recent  outbreak 
of  plague  ia  the  Shah^s  dominions  seriously 
endangered  the  OttomaD  provinces  of  Asia, 
and  it  18  at  the  instance  of  the  Forte  that 
the  European  powers  now  demsnd  that  the 
internal  sanitary  6tate  of  Persia  be  im- 
proved. This  is  a  matter  that  very  nearly 
concerns  ns,  even  on  this  side  of  the  At- 
lantic, and  it  is  to  be  hoped  that  the  com- 
mission will  perform  its  work  thoroughly. 
Religioui^  scruples  and  antiquated  custootB 
will  make  resiatance,  as  a  matter  of  coutve ; 
but  the  civilized  world  connot  afford  to  eea 
its  papulation  decimated,  Himply  becauie 
unwashed  devotees  will  insist  on  making 
their  im wholesome  pilgrimages.  In  a  coun- 
try where  only  a  few  years  ago  the  govem- 
meot  put  a  stop  to  corpsomaravans,  the 
commission  is  Bure  to  have  CDough  to  do. 
It  was  only  In  1867  that  a  stop  was  put  to 
the  popular  custom  of  transporting,  on  the 
backs  of  cameU  and  mules,  one  or  two  buo- 
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dred  putT^fying  corpsoa  at  a  ttme  to  certain 
holy  places,  ofVen  distaflt  thirty  or  forty 
days*  trareL 

Spoofcs. — N&turalkts  are  now  gemeraUy 
agreed  in  classitig  the  sponge  with  aniiaab, 
but  place  it  in  the  rery  lowest  rank  of  the 
Prx^(afoa,  abutting  on  theTegetable  kingdom. 
Li  Ice  a  plant,  the  sponge  grows  on  rocks  or 
other  subatances  in  water,  being  often  found 
attached  to  the  ah  ells  of  living  crustaceans. 
It  consiata  of  a  gelatinous  aubstance  called 
aarcode,  and  of  a  framework  made  up  of 
homy,  elaatic  fibres  (X»rato«),  or  of  cal- 
careoua  or  siliceoua  flplcalei^  Tlie  kemtoee 
ia  the  apouge  of  comnierce,  and  its  value 
dependjj  upon  the  cluatleity  imd  compresfi- 
bilily  of  ltd  flbrea. 

The  Barcode  Ib  BomettmeB  represented  to 
be  an  amorphous  mass  of  glairy  substance, 
but  accurate  observation  with  the  micro- 
aeope  shows,  according  to  Huxley,  that  it  is 
constiiufed  as  follows  r  There  ia,  first,  an 
external  layer,  continuous,  and  made  up  of 
an  aggregation  of  organisms  with  niideii 
and  much  resembling  anufib®.  This  stratuin 
ia  separated  from  another  of  identical 
structure  by  a  chamber  filled  with  water. 
The  outermost  layer  haa  a  muhitudo  of 
pores,  through  which  the  supply  of  food 
and  oxygen  enters.  The  floor  of  the  lower 
and  thicker  layer  has  a  number  of  orifices 
opening  into  tubes  which  widen  out  into 
globular  caverns  a  little  below  the  surface. 
The  sides  of  these  globules  are  studded 
with  amcpba-Iike  organisms^  each  having  a 
cilium,  or  appendage  resembling  an  eye* 
lash,  which  IS  constantly  vibrating,  and  so 
catablisbmg  a  current  in  a  direction  down. 
ward  into  canals  which  open  Into  great,  fun* 
nel-like,  or  crater4ike  orifices.  These  great 
orifices  are  the  exhalant  apertures,  the  pores 
inhatant  apertures.  The  food  and  oxygen 
in  the  stream  of  water  Is  appropriated  by 
the  sponge'Organisms  individually  as  it 
flows  by. 

When  placed  under  the  microscope,  the 
13 vmg  sponge  is  a  wonderfUl  sight.  Dr>  R. 
E.  Grant,  who  was  the  first  to  witness  it, 
having  put  a  email  branch  of  Hving  sponge, 
with  some  sea-water,  into  a  watch-glass, 
saw  a  **  living  fountain  vomiting  forth  from 
A  circular  cavity  an  impetuous  torrent  of 
liquid  tsattoTf  and  burling  along,  in  rapid 


sttocesiiim,  optqtte  roaioes,  which  it  a 
€fvei7where  around,"  Here  is  a  < 
of  water  answering  the  same  par] 
that  of  blood  in  other  aniioAla.  Tbt  i 
takes  in  food  and  oxyg«o  tbro^gb  its ^ 
nute  pores,  and  vdds  the  waste  i 
throngh  the  oseula^  or  larger  oriflon.  ' 
the  Sponffia  fiuviatitu^  or  fresh  -  witter 
sponge,  the  pores  are  not  permanent,  H 
they  appear  and  disappear  without  Uaf' 
ing  a  trace  behind,  at  in  the  case  of  ik 

The  tptonlie  of  the  siliceous  sporj'^  **- 
Bume  sundry  shapes,  being  f  <  i 
stniight,  like  needles;  again  he^a^*  ^v 
pointed  like  pins,  or  furnished  with  grapod* 
like  hooks  at  their  ends,  etc  Perhapi  (k 
most  curious  of  all  the  spanges  l>  tbe 
"glass-rope*^  (J^/<9fWfrKf),  which  has  dn 
appearance  of  a  rope  of  twisted  gtia 
fibres,  with  a  fibrous  sponge  attached  toM 
end.  Another  very  interesting  fono  ^ 
sponge  is  th  e  Euplttiella  tjmtiom,  or  Vttiah 
flower-basket,  which  grows  in  tbe  slip* 
of  a  cornucopia,  and  is  eompCMd  of  tet 
glossy  threads  of  sUica. 

The  best  spomges  for  toilet  ni*  < 
from  the  ^gean,  and  are  found  tii  i 
eight  fathoms  of  water.     They  ate 
eied  by  divers,    A  coaz«e  quality  of  s 
is  found  oa  the  ooftsts  of  Florida  slid  i 
West  Indies.     These    we   giih«rsd  ' 
long-hafted  forks.    To  teatofw^  tlie  I 
the  sponge  is  buried  for  some  diyi  li  t 
sond^  until  the  animal  matter  rota^and^ 
the  homy  keratose  is  soaked  and  i 

Jnte-Papcr.— One  day's  tssue  rf 

Dundee  (Scotland)  AdverttMer 
prints  on  paper  made  of  jnte.    lbs  i 
rial  is  said  to  be  of  good,  im 
though  thin  and  trmnsitarent,  and  of  i  J 
lowish  tinge.    The  chief  otgcctioo  hill 
urged  against  jute-papcr  is  it?  dark  < 
and,  if,  as  appears  probable,  thia  i 
via  ted,  there  is  no  doubt  thi 
will  quickly  supersede  that  made  1 
except  for  the  best  qualities.    The  J  alt  | 
ployed  in  this  inslancc  it  old  bagging  i 
commands  but  a  tow  prioe.     As  «■! 
agement  to  inventors,  tlie  profMrkitfi  i 
Adtmikmr  otBer^  premittra  of  £50  Ibf  ll 
ream  of  paper  ms4e  eotlrelj  ^m  jisto,  • 
siae  and  weight  of  tilt  |W|ifir  on  mh 
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I  is  ufiuillj  printed,  the  maker  under- 
to  supply  liQ  tODs  At  A  pric«  not  ex- 

4|dl  per  Jb, ;  and  a  prcnuum  of 
it  100  for  the  be^  ream  of  paper  made  en* 
tirelj  from  jute,  in  size  and  weight  as 
aboTe,  the  maker  auppljiog  100  toaa  at  4d, 
p«r  lb.  Old  JQte  bagging  maj  be  bought  m 
ftnjr  qiiantity^  in  Dundee^  at  £9  10».  per  ton. 

Facts  f«r  8peBcer« — Some  strtklng  lUns- 
tTASiOQa  of  govenunental  negligence  are 
ghrea  in  the  Lancet^  in  an  article  on  *^  Army 
Medical  Serf  ioea.^^  The  writer  states  that 
hi  tbe  armieB  of  the  first  French  Empire 
tbere  was  one  eurgeon  to  each  130  men, 

fi  French  troopa  sent  to  Algeria  in  ISSO 
only  aix  surgeons  to  each  l^OOO  men, 
the  Crimean  War  the  proportion  was 
ku  than  one  (0,72)  per  1,000.  Through- 
OQt  the  war,  the  average  number  of  pa- 
tieots  under  the  care  of  each  surgeon  was 
100.  In  tbe  Italian  War  affairs  were  about 
II  bad — less  than  one  surgeon  per  1^000 
aen.  Af^er  Magenta^  each  surgeon  bad  1  ?5 
vomided  men^  and  after  Solferino  600  under 
hti  diarg^  If  he  devoted  2^  minuter  to 
I  eaae,  every  moment  of  24  hours  would 
L  uken  np.  The  writer  refero  in  terma 
Iconuaendation  to  the  medical  and  sadi- 
r  service  of  the  UnHed  Statea  during  the 
I  War  of  Seeeetion.  During  the  war  be- 
i  Austria  and  Prussia,  2fi,000  wounded 
i  armice  were  left^  alter  the  battle  of 
,  totally  without  medical  assist* 
and  unsupplied  with  food  or  water. 
» fivtioh  anny  in  the  late  war  with  Prua- 
I  only  two  medical  officers  per  1,000 
,  but  H  veterinary  surgeons  per  1,000 
It 

[l  Stagvlar  Rac«« — A  French  traveller, 

;  I>iiveyTter,  deecribes,  in  '^  Ocean  Eigh- 

*  a  Gorioos  raoe,  the  Im^hagh  (called 

r  maps  Tauricks   or  Ta&rcgs),  who 

t  is  the  heart  of  the  Sahara.    Tbey  are 

1,  with  white  skin,  but  their  un- 

l  give  them  the  appearance  of 

men  alone  wear  a  thick  black 

the  face,  while  the  women  dia- 

tbal  covering,    A  man  would 

r  dishonored    were    he    to 

)  Wm  Ihee,  and  he  takes  precaution 

Ky  iiivx»luDtary  breach  of  decorom, 

hie  veil  at  all  times,  whether 


sleeping,  walking,  fighting,  riding,  and  even 
iipeoking  to  his  father.  As  a  general  rule, 
the  Im6hagh  despise  firearms,  as  fit  only 
for  cowards,  "  but  they  fear  them  extreme- 
ly  "  remarks  M.  Duveyrier. 

They  treat  Ibeir  women  with  great  re- 
spect. No  Im6hagh  woman  would  consent 
to  her  husband  indulging  in  plurality  of 
wives ;  and,  what  is  perhaps  more  singular 
still,  the  wottjcn  alone  know  any  thing  of 
the  art  of  writing.  In  political  afairs  the 
weaker  sex  exercise  a  powerful  inOuence ; 
and,  when  a  oliief  dies,  the  supreme  author- 
ity descends  to  the  eldest  sou  of  his  eldest 
sister. 

RcpredDrtlon  tf  Eyes  In  CrawHsh. — 
Tbcit  the  crawfish  has  the  power  of  repro- 
ducing an  eye  which  it  may  happen  to  lose 
19  a  fact  quite  familiar  to  uaturaliata,  but 
we  are  indebted  to  M.  5,  Chantran,  of  the 
French  Academy  of  Sciences,  for  the  dis- 
covery that  thia  power  of  reproduction 
varies  according  to  the  atiimal^s  age.  In  a 
recent  nntuber  of  the  Ciftnplet  Jiettdut^  M. 
Chantran  gives  the  reeults  of  his  obierva- 
tions  on  this  subject,  from  which  it  appears 
that  a  crawfish  one  year  old  quickly  and 
effectiially  repairs  such  injuries^  while  in 
animals  two  or  more  years  old  reproduction 
is  uncertain  in  its  operation,  and  never  per- 
fect. His  Brst  expeiiment  was  with  a  nmn- 
ber  of  one-year^ld  animals.  In  October, 
1871»  after  the  close  of  their  moulting  sea- 
son, he  clipped  off  their  eyes.  Moulting 
comnienced  in  May  of  the  year  foUowing, 
and  in  September,  after  four  months,  the 
eyes  were  perfectly  reprodiiced. 

The  next  expciimcnt  was  with  animali 
two  years  old.  These  he  deprived  of  their 
eyes,  either  immediately  before  moulting 
set  in,  or  in  the  interval  between  two 
moults.  The  results  in  these  oases  w^re 
various.  In  some  of  the  aoimala,  after 
three  or  four  months,  the  eyes  were  reim>* 
dnced^  but  then  the  pupils  were  so  dia- 
flgured  At  to  leave  it  doubtful  whether  they 
could  serve  for  the  purpose  of  vision ;  in 
others,  one  pupil  was  considerably  smaller 
than  the  other. 

Finally,  in  the  case  of  full-grown  ani- 
mals, which  moult  less  frequently — the  fe^^ 
males  but  once  a  year,  and  tlie  males  twice 
— ^tbe  author's  results  did  not  show  any  fe> 
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pToductioa  of  the  eye,  but  only  the  growth 
of  htids  marked  with  a  bUck  point,  and,  in 
[  ooe  case,  of  opaque  bifid  buds  in  place  of 
eyee»  The  author  promiBes  at  an  early  day 
to  commfinicate  to  the  Academy  his  obser- 
VAtionB  on  certain  concretions  formed  in  the 
Btomiich  of  the  crAwfigb,  and  called  atah't 
wjfci  in  old  pbannacopoeimB. 

The  Aininiiitiia  BUtnin*— H.  Boutin's 
obaerrationB  on  the  Atnarantui  btttum^  bnef- 
Ij  alluded  to  in  a  late  number  of  the  Hoktk- 
Lr,  are  ho  imfKirUint  aa  to  call  for  a  fuller 
Btatement  The  imanintus  belongs  to  the 
order  Amarantacea^  which  containi;  nearly 
800  known  species.  Some  of  these  are  fa- 
miliar annuals  in  fiowcr-gardena.  The  Ama- 
ritutua  hlitum  is  a  weed  growing  abundantly 
in  many  parts  of  Europe,  and  has  neyer 
hitherto  bem  supposed  to  possess  any  prop- 
erties of  economical  value.  Boutin's  atten- 
tion was  ^rst  called  to  this  plant  on  Bcelng 
It  employed  in  scouring  braaa  utensils.  He 
•opposed  that  it  must  contain  some  free 
ACid  or  aomo  acid  salt.  He  found  with 
•nrprise  that  it  was  completely  ncutrul,  and 
contained  only  nitrate  of  potash  (flaUpi'tre). 
To  determiDe  the  proportion  in  which  this 
salt  enters  into  the  couHtitutlon  of  the  amn« 
rantiis,  he  reduced  to  ashes  l^Xi  gnuimies 
(between  3  and  4  ounces)  of  the  dried  pknt. 
The  16  grammes  of  ashes  were  treated  with 
warm  distilled  water,  and  the  wbole  then 
thrown  in  10  a  filter.  Haying  washed  well 
the  insoluble  portion  which  remained  in  the 
filter,  the  author  eTaporated  the  filtered 
liqnid,  and  so  obtained  a  residue  of  carbo- 
nate of  potash,  8  grammes.  This  weight 
of  the  carbonate  Is  the  equivalent  of  11.68 
grammes  of  the  nitrate  of  potash,  or  aalt- 
pette.  The  insoluble  portion  remaining  in 
the  filter  would,  on  desiccation,  gire  a 
weight  equal  to  thot  of  the  carbonate  ob- 
tained, or  8  grammes,  to  make  up  the  ori- 
giual  1$  grammes  of  aab«  This  insoluble 
pordon  consisted  of  lime,  oxides  of  iron^ 
alumina,  and  Bitica,  with  a  small  amount  of 
phoApbate  of  potasL 

The  author  remarks  upon  the  impor- 
tance of  this  plant  as  a  manure.  It  is  su- 
perior to  guano.  And^  if  from  any  cause  the 
•npply  of  nitre  for  the  manufacture  of  gun- 
powder were  cut  off,  this  plant  could  readily 
furnish  it  in  any  quantity.    The  question 


now  arises,  whence  does  tlie  ainaiviilnt  di^ 
rectly  derive  ita  nitroges — Irom  the  idl-or 
from  the  atmosphere  f  In  the  apimg  of 
1873  the  author  had  a  plot  of  groond 
broken  up  with  the  spade,  to  a  depth  of 
about  8  inches,  and  kept  free  from  all  w^ 
tal  growth  duKug  the  entire  snnimer. 
ground  was  in  a  condition  to  rec«iTe  all  | 
nitric  acid  and  ammonia  produced  in  ' 
atmosphere  by  electricity.  Yet,  on  a  \ 
carei\il  analysis,  no  appreciable  qnanti 
the  nitrate  oould  be  found.  On  the  < 
hand,  the  amarantus  growing  in  the  i 
diate  Ticdnity  yielded  the  nsual  amount-^lO 
to  12  per  cent,  of  the  dried  plant  Henot 
the  author  concludes  that  plants  dettne  thdr 
nitrogen  directly  from  tba  atmck^ilMEei 

DIscoTfry  af  inelent  I^^yptlai  llwk 

— ^me  of  the  iron-mines  anciently  worked 
by  the  Egryptians  hare  recently  been  dii- 
covered  anew  by  English  explorers,  s«4 
search  is  to  be  instituted  for  other  tt* 
cient  mines  of  eilver,  gold^  and  iron,  SB 
the  processes  followed  in  ancient  times  for 
the  reduction  of  ores  were  very  defective, 
it  is  cjcpected  that,  in  the  d^brit  aecomalilid 
in  the  neighborhood  of  the  mines,  SB 
amount  of  the  usefhl  and  precious  mct^ 
will  be  found  sufficient  to  make  the  work- 
ing it  over  agaiu  profitable.  At  a  rccxDt 
meeting  of  the  British  Society  of  JLntiq«S' 
ries,  mention  was  made  of  the  diseonery,  ia 
the  neighborhood  of  Mount  Snai,  of  the  W-^ 
quoise-mtnes  of  the  ancient  Egyptians,  TW 
discoverer,  an  Englishman,  whose  mait  li 
not  given,  observed  in  the  water-comwff  if 
that  region,  which  In  summer  are  dry,  ptr^ 
iar  blue  stones  which  he  soon  asccrtatMl 
to  be  turquoisea.  This  circumstanc*  M  H 
farther  research.  We  are  now  infocwl 
that,  '*  aided  by  the  fHendly  triliM  %t  l# 
taken  into  bis  pay,  he  has  dteoovered  the^ 
turquolse-minea  of  the  ancient  Eg 
the  rooka  that  they  worked  foe  tha  i 
the  very  tools  they  used,  and  their  ] 
ing  and  grinding  pboea."  The  fdi 
discoverer  baa  already  tecit  to 
BOme  of  the  finest  tnniuoiaes  erer  i 

While  searching  for  thetnrqo 
this  same  explorer  disoovered  the 
lines  of  fortification  sorroondiJag  the  wiA  | 
and  came  upon  the  resiauis  of  vui  \M^  | 
works,  whidi  must  haw  employed 
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I  of  haodsL  Slag  tak«n  from  tbe 
r«lliae'beap«  arouod  the»e  works  contnlns 
H  much  40  68  per  cent,  of  iron.  The  whole 
flUfreQading  district  b  well  worthy  of  being 
Ibordngbly  explored  bj  the  antiquiny,  aa 
it  conuios  tnan?  hieroglyphic  inacriptions 
which  would  doQbtIes9  throw  mnch  light 
upon  the  ea.rl J  hiatory  of  roetallurgy, 

Hif  StclE«Trf«t — ^ADotftbte  tree  is  the 
AniiarU  aae^idord,  or  sack -tree,  of  Western 
lBdi%  the  umer  hark  of  which  forms  &  very 
good  material  for  Backing,  and  a.ho  for  cord- 
age. It  often  ftttuns  a  height  of  100  feet, 
with  a  dismeter  of  six  The  oative  method 
of  matiing^  gacks  of  this  material  is  very  sim- 
ple. UsoaHy  a  tree  about  one  foot  in  diam- 
r  is  chosen,  and  from  tbia  a  Beclion  of 
desired  for  the  sack  ia  cut 
I  Btfieped  for  some  time  in  water,  ia 
I  •often  the  bark,  and  is  then  beaten 
I  with  clubs.  Id  this  way  the  outer 
bark  is  remove*^  and  the  inner  deiached 
from  the  wood  and  rendered  soft  and  plia- 
bit*  Hext  it  is  folded  over  on  itself  at  one 
Md,  alter  the  manner  of  skinning  a  squirrel^ 
■ad  so  tnined  inside  out.  All  that  is  now 
i  to  complete  the  sack  Is,  that  one 
\  he  sewed  up^  which  fa  readily 
But  a  sack  may  he  made  without 
I  or  scam.  This  is  done  by  arreeting 
i  process  of  Mkiiminff  some  two  or  three 
I  Above  the  farther  end  of  the  Iog>  and 
'Ibcti  sawiikg  off  the  hitter  at  that  poinC 
Hm  sack  has  thea  a  solid  wooden  bottom. 

These  sacks  are  extensively  used  in 
Western  Iridta  and  Ceylon,  and  aerre  their 
pqiyosc  very  welt  The  eame  material  is 
•PmHimet  employed  in  the  manufacture  of 
Aching,  and  for  paper  making.  To  pre- 
i  for  the  former  purpose,  the  bark  is 
off  in  pieces,  which  are  then  tbor- 
f  soaked  and  beaten  out  till  the  tox- 
I  white  and  rou^h  like  fur.  It 
^  Aooordingto  the  required  shapes, 
I  together. 
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iiiflltsle   fsr  Qslnlse* '  The  employ- 

of  oarbazotato  of  ammooia  (ammonm 

Mned  with  eorbazotio,  picric,  or  trinitro- 

scid)  has  been  suggested  as  a  suh- 

for  sulphate   of  quinine,   and   Dr. 

of  the  Sod6t£  Th^rapeutiquo  de 

ten  the  foUowlng  aa  the  result  of 

Case  1,  quo- 


iidiati  ague.  Dally  dose  ooe  to  two  oentl- 
grammea  in  pills.  Recovery  in  4  days.  Case 
3f  quotidian  ag^c.  Complete  recovery  In  6 
days — ^five  pills  used.  Here  sulphate  of 
quinine  had  been  used  without  eflTect.  Cass 
S,  tertian.  Recovery  after  8  days — two 
pills  a  day.  Cose  4,  quotidian.  Recovery 
after  8  days.  Cage  5,  facial  neuralgia. 
Speedy  recovery.  Case  6,  tertian,  recov- 
ery in  2  days.  Dose  about  one  grain  [8 
cenligrammea).  Sulphate  of  quinine  had 
been  given  for  17  days,  without  eflect.  Dr. 
Beaumetz  hence  draws  these  concliislons : 
the  carbazotate  is  very  efficacioafl  lo  bter- 
mittent  fever,  and  the  paroxysms  may  be 
suppressed  by  the  use  of  3  to  4  centigram- 
mes {\  to  f  grain)  daily.  In  these  doses  the 
drug  appears  to  be  innocuous.  It  a  physio- 
logical action  resembles  that  of  sulphate  of 
quinine* 

NOTES. 

Thirk  is  in  Cayenne  a  fly,  called  the  Xtt- 
ciHa  horninivoraz  (man-eater),  which  com- 
mits great  havoc  among  the  conncts  sent 
out  to  that  colony  by  the  French  Govern- 
ment. M.  Charles  Caquerel  t^ayg  that  this 
fly  lays  its  eggs  in  the  mouth  or  nostrils  of 
a  sleeping  convict,  ej^pecialiy  a  drunken 
one,  and  that  the  offspring  in  their  larval 
state  osaaUy  bring  about  the  death  of  their 
victim. 

TnB  following  curious  statement  comes 
to  us  on  reliiible  authority :  A  vicious  horse 
(gelding)  that  had  tho  singular  habit  of 
striking  violently  with  his  fore-feet,  espe- 
cially wbeo  being  shod,  was  for  several  years 
worked  with  a  mare  that  during  the  time 
bore  a  colt.  Thii*  colt,  when  quite  younff, 
developed  the  habit  peculiar  to  it^  mothers 
mate,  becoming  violent  when  any  attempt 
was  made  to  handle  tts  fore-limlis.  The 
habit  increased  with  the  coitus  age,  and,  on 
being  shod  the  flrst  time,  itd  manuer  of 
atriking  was  observed  to  he  precisely  like 
that  of  the  horse.  The  mother  of  the  colt 
was  unusually  kind  and  gentle. 

A  STATSMKNt  of  some  interest  occurs  in 
Scrihner*i  Mcnthlv^  showing  the  increasing 
demand,  among  the  reading-classes  of  New 
York,  for  works  of  a  scientiflc  character, 
Tlie  writer  compares  the  number  of  books 
called  for  at  the  Aetor  Library,  in  the  literary 
and  Bcientifio  departments  respectively,  dar- 
ing the  three  years  IBlie,  1871,  and  IS1% 
In  the  first  of  these  years,  18^896  soienttfio 
works  were  called  for  by  readers,  and  26,070 
literary;  in  the  second,  83,428  scientific, 
58,595  literary ;  in  the  third,  55,60Oj 
tiflc,  55,657  literary. 
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Ik  his  kte  work  on  the  "Phjaiology  of 
Circulation,"  Dr.  PetUgrew  gives  the  foUow- 
Sng  as  the  rate  of  the  heart-beats  In  man  at 
differeDt  periods  of  life  :  Xb  the  human  fce- 
tUB  the  hejLrt  beats  140  times  per  minute  ; 
At  birth,  130;  seeoud  year  after  birth,  100; 
third  jcar,  90 ;  fourteenth  year,  80 ;  mid- 
dle ftg^  70;  old  age,  60,  or  CTen  less.  The 
▼arifttion  in  the  frequency  of  the  heat  of  the 
heart  in  the  lower  aniniala  is  atlU  more  re- 
markable. 

F^M  the  United  States  statistieSf  it  ap- 
pears that  the  percentage  of  iB^amty^  idi* 
ocy,  etc,,  is  greater  among  the  while  popu- 
lation of  this  country  than  among  the 
black.  Thus,  among  the  whites,  one  in 
2,258  is  deaf  and  dumb ;  among  the  colored 
race  (blacks  and  mulattoee^),  only  one  in 
3,780 ;  insane  whites,  one  in  943  ;  colored, 
one  in  2,7ftO  j  idiotic  whites,  one  in  1,675 ; 
colored,  one  in  1,630.  The  Btatisttcs  of 
blinduess,  howeFer,  are  more  ud favorable 
for  the  colored  race :  blind  whites,  one  in 
2,000;  colored,  one  in  1,4G9.  The  insane 
female?,  both  white  and  black,  outnumber 
the  insane  males,  19,202  againsi  18,179; 
but  the  male  idiots  are  greatly  in  excess  of 
the  feojale— 14,476  against  10,046. 

There  is  found  in  Bombay  a  minute 
Tariety  of  ants  which  eurround  their  nests 
with  a  series  of  concentric  circular  wiills 
an  int'h  or  an  inch  and  u  hall"  high,  and 
about  the  same  distance  apart,  the  inner- 
most wall  being  the  highest.  The  object 
of  these  walls  or  fortifications  is  not  yet 
known. 

DuniNO  a  botanical  exploration  of  the 
region  around  the  river  Coanza,  io  Lower 
Guinea,  Dr.  Welwritach's  party  found  their 
supply  of  provisions  exhausted.  The  men 
accordingly  went  in  search  of  food,  with 
senses  quickened  by  htinger.  They  were 
10  fortunate  as  to  discover  an  enormous 
mufihroom,  as  large  as  nn  umbrella,  which 
made  soup  enough  to  satisfy  tlie  hunger  of 
20  men.  This  specimen  wa^  the  first  of  the 
species  seen  by  Welwitsch,  but  BubBequ*?nt- 
ly  he  often  met  with  it,  and  learned  that 
liaeso  great  mnahrooms  are  brought  to  mar- 
ket At  Pungo  Ad  on  go  by  the  natives,  and 
there  sold  at  from  one  to  three  pence  each, 
according  to  size. 

By  act  of  Parliament  of  the  year  1843, 
mechanics'  in.^titiiti-i^,  literary  and  scien- 
tific associations,  and  the  like,  were  ex- 
empted from  local  taxation  in  Epgland. 
The  Government  now  proposes  to  do  a«'ay 
with  the  exemption,  thus  imposing  a  tax  on 
knowledge.  If  the  measure  succeeds,  many 
societies  roust  close  their  doors,  and  Ihe 
work  of  popular  education  will  receive  a 
serious  check. 

A  **  mifORiAL  TOLUME,*^  to  coiumemorate 
■  Ibe  aervices  rendered  to  science  by  the  taie 


Prof.  Liebig,  b  to  be  published  by  the  1 
al  Bavarian  Academy  of  Sciencea,  of  wta 
body  he  was  president  The  reJiuse  wiS 
contain  an  obituary  notice  cf  the  deoetfed, 
and  three  separate  dissertationa  upon  tbe 
services  rendered  by  him  to  phjfiioU^, 
agriculture,  and  theoretical  chemistry,  to  be 
written  by  Profs.  Bischof,  Vogel,  and  Erie 
meter. 

The  amount  of  tobacco  paying  duty  ud 
cleared  for  oonsumptioo  in  Great  Brititu 
steadily  increases.  Thus  in  1841  it  arrr 
aged  13}  oz,  per  capita;  in  1801,  16|  oi; 
in  1861,  19^  OK. ;  and  in  1871,  21^  ot. 

The  average  number  of  persons  pel 
house,  in  various  cities  of  the  Cnited  StAtn^ 
is  as  follows:  New  York,  X4,7i;  Cineb' 
nati,  8.81;  Brooklyn,  8.64;  Bofloo,d.4«; 
Jersey  City,  6.37;  Ilartford  bii  ^64; 
Rochester,  5.86 ;  and  Toledo,  the  kyvtft, 
5,20.  The  densest  population  i«  that  of 
the  Fourth  Ward,  New  York,  where  * 
are  24.61  persons  to  each  dwelling. 

The   Russian   Oovemment  is  about  I 
construct   a  railroad  from    Nijni-Ntf 
on  tiie  Volga,  to  the  Japan  Sea,  ab 
miles.    This  line,  in  coiy unction  \ 
from  Nijni-Novgorod  to  St.  Peten ' 
connect  the   Baltic  Sea  with  the^ 
The  road  will  run  ea£t  in  latitude  I 
miles  to  Tobolsic,  crossing  the  Ural  \ 
laiDS.     From  Tobolsk  it  will  take  at 
east  course  1^500  milee  to  Irkutsk*  on  J 
Baikal  (latitude  53"),    The  reminder  of  d 
route  is  not  yet  determtned  on,  but  it  ill 
pected  that  work  will  be  commenced* 
western  end  during  the  present  year. 

Lake  Nkabtawanta,  ncftr  the 
Ftdls,  is  a  noted  fishing-ground,  OODU 
abundance  of  pickerel,  pike,  peroh,  I 
and  indeed  nearly  all  the  fre»h -water  \ 
But  a  sort  of  epi2ooty  recently  broke  ( 
among  the  pickerel,  which  threatetts  Wlj 
terly  destroy  all  the  fish  of  that  epe  * 
tained  in  the  lake ;   indeed,  It  li 
that  they  are  already  destroyed.    The  fl 
fish  in  the  lake  are  not  aflVcted  by  the  4 
order. 

Db.  Ltoh  Platfair  has  no  yery  1 
opinion  of  the  value  of  English 
education.     He  said  recently  in  Parlk 
that  **  a  Scotch  uniTersity  toachet  a  I 
how  to  make  a  thousand  a  yearf  on  T 
muTeraity  bow  to  spend  it.'* 

Mr.  BitSTJAJkfiN  Sirrrn,  of  Londoo.  ! 
sailed  for  the  uorth-pole  in  the  yacht  I 
Mr,  Smith  expects  to  join  bis  supply-T 
the  Samson,  at  Cobbe^a  Bay^  on  the  i 
west  of  Spitz bergen,  latituide  80*, 
that  point  he  will  push  as  far  nonh«« 
the  ice  will  permit.     He  pur 
borne  in  one  year  at  the  f 
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THE  GLASSSPONGES. 

Bt  Bit.    SAMUEL    LOCKWOUD,   Pa.  D. 

rr  att^ntioD  was  absorbed  ip  the  study  of  an  object  contained  in 
JL  a  vessel  of  sea-water  that  stood  upon  the  table.     It  was  clud  in 

it  of  vermilion  velvet,  which,  with  its  brancbing  form,  made  it  not 
ke  the  precious  red  coral  of  the  Mediterranean^     I  had  been  trying 

a  lens  to  see  the  water-current  leaving  the  exhaling  orifice.  Ob- 
mtjon  wad  arrested  ;  for  it  had  become  evident  that  the  heated  con- 
to  of  the  water  had  smitten  my  little  beauty  w4th  death.  **  Please 
me  the  name  of  that  pretty  plant,"  said  a  visitor.  The  reply  was  : 
',  that  is  not  a  vegetable,  but  an  animal  stnictnra  It  is  a  dying 
ige.'*  The  question  has  been  long  mooted,  wbether  the  sponge 
an  animal  or  a  plant.     In  Japan  it  is  called  "  sea-cotton  ;"  and, 

recently,  this  vegetable  view  was  beld  even  in  scienlitic  circles, 
1  IL  James  Clark,  the  learned  author  of  "  Mind  in  Nature/'  so 

ago  as  1867,  unfolded  with  remarkable  clearness  the  peculiar  cell- 

tnre  of  the  sponge.  Laj^t  year  an  English  naturalist,  IT.  J»  Car- 
fed  m  living  calcareous  sponge  with  indigo,  tfien  made  out  the  cells 

lh«  coloring-matter  contained.  He  declares  himself  to  have  fully 
inned  what  Prof.  Clark  had  written.  Both  agree  in  regarding  the 
iges  as  a  group  in  that  division  of  the  animal  kingdom  known  as 
Proto3M>a,  and  nearly  allied  by  their  uniciliated  cells  to  the  Flagel- 

Infnsoria*     These  infusoria  are  very  minute  animalcules,  which 

certain  cilia,  or  hair-like  appendages,  by  which,  with  a  lashing 
on,  they  propel  themselves  through  the  water.  Each  sponge-cell 
We  lash,  or  cUium,  Indeed,  this  cell  has  a  sort  of  individuality 
i0  own,  and  yet  millions  of  these  almost  infinitesimal  one^celled 
are  onited  to  make  up  the  one  zoological  individual  known  as 

Dge,  But,  as  the  sponge-mass  is  fixed,  and  cannot  travel,  why 
its  cells  be  ciliated  at  all?     Have  tbey  any  whipping  to  do? 
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a  word,  what  is  tbe  function  of  this  laeh  in  each  of  these  cells, 
kicJi,  combined,  and  taken  with  the  skeleton,  constitute  a  sponge  ? 
us  try  to  see.     If  we  take  a  morsel  of  a  toilet-sponge,  an<l  put  it 
ier  a  microscope  of  moderate  power,  we  find  that  it  is  inade  up  of  a 
niasa  of  complicated  net-work«     There  is  more  or  leas  regularity  In  the 
mesbes;  and  these  are  found  of  various  patterns  in  the  different  species. 
Thie  heap  or  mass  of  net-work,  commonly  called  a  sponge,  is  really 
the  skeleton  of  the  sponge.     When  living  it  is  covered  with,  or  literal- 
ly embedded  in,  a  glairy,  gelatinous,  or  albuminous  substance.     But 
thift  ifl  fio  unlike  ordinary  animal  tissue — for  it  seems,  really,  tissue- 
less — that  it  has  received  the  technical  name  sarcode,     Tim  sarcode 
fills  the  meshes  above  mentioned  ;  and  is  held  in  place  by  innumera- 
l>le  tiny  spicules,  mixed  in,  so  to  speak,  like  the  hair  in  the  mortar  of 
the  plasterer.     So  little  consistency  has  this  sarcode,  or  sponge-flesh, 
that  but  for  this   natural  felting  it  would  dissolve  and  flow  away, 
Xqw,  take  an  ordinary  sponge  into  the  hand.     We  observe  several 
lafge  apertures,  at  or  toward  the  top.     These  are  called  the  ounjla. 
They  are  the  eidialant  vents  of  tlie  entire  system.     At  these  openings 
is  expelled,  with  some  force,  the  water  that  has  been  taken  into  the 
11  Ting  msss,  and  deprived  of  its  nourishment.     But  how  is  the  water 
JbroBght  in  throngh  that  glairy  sarcode  ?    Besides  the  oscula,  which 
I  few,  and  readily  seen,  even  in  the  skeleton,  there  are  innumerable 
^y  inlets  known  as  pores.      These  arc  not  visible  in  the  skeleton, 
llhey  really  belong  to  the  sponge-flesh.     These  pores  open  into  the 
shoft,  and  enter  directly  certain  little  cavities,  or  chambers,  that 
md  connected   with  circuitous  pagsages,  which  finally  lead  to  the 
^e  outlet K,  or  oscula.     Tlie  pores  are  very  small,  and  yet,  compared 
the  cells,  are  very  large.     Tbe  little  chamber  into  which  the  pore 
I  has  its  walls  built  up  with  these  uniciliated  cells.     Kow,  if  we 
[>nly  peep  into  the  privacy  of  that  chamber,  with  its  walls  of 
fstoni'ft,  without  making  any  disturbance,  we  should  6nd  every 
la^hiog  its  ciliudi  with  great  vigor,  and  all  in  such  harmony  of 
d,  that  it  would  seem  like 

•  "  Beating  time,  time,  time, 
In  ft  sort  of  Uunic  rhyme." 

'  iifitttng  of  each  lash  is  doubtless  downward,  that  is,  inward  ;  the 

of  ^       '     '      a  vacuum  above,  into  wh!ch  the  water  presses 

a;h  tlj^  III  pore.     A  second  result  of  this  downward  beat- 

[  of  the  cilia  from  a  myriad  of  cells  is,  the  impulsion  of  the  passing 

ier  through  the  ramifications  leading  to  the  oscula.     Thus  the  run- 

bg  (if  thii  witters  is  the  sponge's  ancient  "  Runic  rhyme."     Every 

pnge,  then,  has  a  very  complete  aquiferous  system :  its  conduits  at, 

eotfADco  of  and  along  which  the  busy  ouc-lashed  cells  occupy 

S8  forcing  the  water  along;  and  the  oscula,  which  maybe 

frd  to  the  outlets  of  aowers.     During  this  circulation  of  the  fluid 
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through  the  living  mass,  the  sareode  obtains  its  nourishment,  and  the 
skialeton  its  growth  by  a  sort  of  absorption,  or  what  is  known  to  the 
physiologist  as  endosmotic  action  of  the  cells.     We  have  then  meti- 
tioned  above  three  clearly  specialized  functions,  as  represented  respec- 
tively by  the  inhalant  pores,  the  exhalaut  oseula,  and  the  UDieillated 
cells.     And  it  is  certainly  a  matter  of  prime  importance  that  each  ct*!! 
should  have  this  single  lash.    In  fact,  it  raises  it  to  the  rank  of  a  pitt-ha 
with  one  tail,  in  a  community  where  all  are  pachas  of  this  dignity,  anJ 
each  one  a  commissioner  of  the  water  department,  and  a  commissary 
of  subsistence.     **  Both  the  oscula  and  pores  can  be  closed  at  the  vill 
of  the  animal;  hut  the  oscula  are  permanent  apertures;  whereas*,  the 
pores  are  not  constant,  but  can  be  formed  afresh  whenever  and  whe^ 
ever  required." 

Till'  sponges  are  the  active  eliniinatorg  of  the  salta  of  the 
In  a  large  laboratory  certain  substances  are  kept  in  solution,  so  ai  to 
be  ready  to  the  chemist's  hands*  Nat«re*s  grand  laboratory  is  the  6ea 
There  her  little  economic  ehemiats  are  ceaselessly  busy  extracting,  and 
putting  into  solid  forms,  the  various  mineral  substances  held  in  s<»la- 
tion.  Thus  the  coral  polyps  eliminate  the  carbonate  of  lime  with 
which  to  build  their  beautiful  structures.  And  the  Alcyonarian  poljp 
in  this  way  builds  up  the  delicate  sea-fan,  with  its  skeleton  of  keratoM, 
or  horn-like  snbBtanee.  And  bo  is  it  with  the  sponges.  They,  too^ire 
elaborators  of  the  mineral  treasures  of  the  sea.  Hence  it  has  been  »t- 
tempted  to  group  them  upon  considerations  of  their  special  bailding 
propensities.  In  this  way  the  toilet-sponges,  and^  in  general  tbo§e  of 
commerce,  which  all  affect  horu^  or  keratose,  in  the  structure  of  tlieir 
skeleton^,  would  be  grouped  together  as  the  Keratoma ;  while  tbow 
which  choose  lime  would  be  called  Calcarea ;  and  those  which  build 
lip  with  silex  would  be  known  as  the  Silicea.  We  have  mentiootJ 
these  groups  in  their  order  of  rank.  The  highest  is  the  vitreoui^Of, 
glass-sponge,  with  which  we  are  directly  concerned.  i 

In  the  recent  deep-sea  dredging,  eo  charmingly  described  in  Dfl 
Wyville  Thompson's  new  book,  "The  Depths  of  the  Sea,"  an  account ■ 
given  of  the  obtaining  in  British  waters,  at  the  depth  of  30,o00  fr**t(ffl 
specimens  of  the  lly  alone  ma,  the  famous  Glass-Rope  Sponge,  It  Kifl 
been  previously  obtained  from  the  coasts  of  Portugal,  wheir  the  inftj 
astonished  naturalists,  as  previously  it  had  only  been  known  '  "^ 

from  Japan.     It  is,  indeed,  a  wonderful  object.     We  once  s.  \ 

men  in  the  cabinet  of  a  learned  institution.  The  professor  prtjaoufl«?«fl 
it  a  coil  of  Japanese  spun  gla^^s.  "  No,"  said  another  satant^  **it  iifl 
plant,**  And  at  that  time  both  were  excusable,  for  even  Ehrenberg  h^ 
looked  upon  it  as  "an  artificial  product  of  Japanese  industry,**  Qfl 
is  to  Bay,  the  great  microscopist  regarded  the  object  as  an  infedl^| 
imposition,  consisting  of  natural  products  artfully  put  together.  Ltl^| 
reader  carefully  inspect  the  cut  of  Hyalonema,  Fig.  1,  which  w^A^| 
taken  from  Dr.  Thompson's  book,  and  then  let  us  attempt  a  dci^f^^H 
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Suppose  we  slioiild  take  a  ekein  of  emoolli,  compactly-spiin,  glossy 
rhite  silk,  about  twenty-four  iucliea  iu  length,  and,  cut  ting  the  ends 
!*  evenly  at  one  extremity,  Bhould  give  it  a  loose  twist  along  tlie  en- 
ir«  lengthy  except  some  ^ix  inches  at  the  bottom,  whk'h  we  leave,  go 
speak,  frayed,  or  shaken  out.  Then  around  the  other  end  of  this 
silken  eurd  or  coil  we  affix  a  cup-like  tuft  of  buff-colored  zephyr 
worsted-work,  having  the  end  of  the  skein  projecting  a  little  higher 
than  the  rim,  and  covered  with  the  same  material.  Now,  from  just 
below  the  base  of  the  cup-like  tuft,  let  uh  en  case  the  white  coil  tightly 
down  to  where  its  threads  fray  out ;  let  this  cylindrical  ease  be  of  a 
dark-brown  color,  and  leathery  aspect,  and  ornamented  with  little 
starry  knobs  or  warts,  like  raised  embroidery — and  then,  eo  far  us  form 
is  concerned,  you  have  the  Ilyaluneoia,  or  glass-sponge  of  Japan. 

It  thus  appears  from  the  above  that  the  structure  has  three  jiarts — 
the  buff-colored  mass  at  one  end,  the  long  shaft  of  white  threads,  and 
the  star-embofised  case  which  envelops  the  axis  or  shaft.     Now,  what 

Fio.  S. 


IV  bit*.  R«i.  Wtitia. 

■B  muwDTOi  07  HTAi.ninitA  Stzboldi.    (Tho  jtrtbt.  not  knowing  tho  bcU  to  the  cam, 
has  flgnred  lhL*m  lu  wruh^^  |>o«}tiun.    Compare  with  Fij^rv  1.) 

I  the  material  nature  of  each  part  ?  Tliere  is  no  difficulty  about  the 
iffi'olorc^d  mass,  in  form  like  a  cup.  It  has  the  Bpicules,  and  the 
ircode,  which  characterize  the  6pfjnge-He8h.  The  axis  or  coil  is  of 
ire  translucent  si  lex,  like  wliite  threads  of  glass.  The  surrounding 
lieatlu  with  the  starry  prominences,  is  of  a  huniy  or  keratose  mute- 
ly much  like  the  stems  of  the  sea-fans,  and  it  is  a  curious  fact  that 
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tbis  liom-Uke  sheaib  is  caatecl  with  a  fine  «iiiciou8  powder,  juii  as  it 
would  look  if  made  of  India-rubber,  and  while  in  the  soft,  adhesive  oti^ 
dition  dusted  over  with  tine  sand.     With  so  mueli  told^  we  are  pfl 
pared  for  the  curious  scientific  history  of  this  interebting  object^  wliich 
bc'aris  a  number  of  popular  namea,  such  as  Glass-Flaut,  Gbi^s^Cor^^ 
Glas^-Hope,  etc.  fl 

When  the  scientific  men  of  Europe  first  made  acquaintance  withal 
this  object  was  an  enigmaj  and  for  years  the  subject  of  much  learoifl 
controversy*  In  1835,  some  specimens,  brought  by  the  traveller  VijH 
Siebold,  received  special  study  by  Dr.  John  E.  Gray,  of  the  Britifl 
Museum,  who  named  the  object  Myalonema  Sitholdi^  On  one  p<«ii|fl 
to  use  a  legal  phrase,  "each  and  every '^  of  these  learned  men  litinulH 
lost  his  head  when  studying  this  apparent  abnormal  notidescript ;  UH 
they  all  alike  stood  the  specimens  on  their  heads^  that  is,  they  ytlacifl 
them,  for  study,  theoretically  upside  down,  namely,  with  v  iH 

sponge  heads,  or  masses,  downward,  and  of  course  tlie  c^yu-  loj 

standing  up.  It  must  have  been  that  the  Japs  themselves  started  tIjH 
notion,  m  honest  ignorance,  as  I  believe ;  for  in  some  naturahhi§talB 
engravings,  done  by  native  artists,  which  are  now  bt^forc  me,  thedH 
objects  are  portrayed,  with  the  thread-like  ends  upward,  and  Uie  »pougfl 
mass  downward,  and  as  if  adhering  to  something  (Fig.  2).  TLii>  ifl 
curious,  as  the  Japanese  exhibit  in  their  drawings  a  clojtiencss  in  tl^| 
obsfrvation  of  details  that  is  almost  scientific/     Dr.  C  a^ 

made  the  sponge  to  grow  on  some  object,  or  on  the  bed  ■  i| 

out  of  the  sponge-mass  so  adhering,  like  a  glass  brush  standing  an  tlfl 

^  I  am  bdebtcd  to  our  Japanese  studrnta  at  New  Brims wiok  for  an  cxplatuitbD  of  t}»t^| 
words  on  Fig.  2.  They  are  the  popular  nfttiiea  of  th<»«  objects  iq  Ja.piMi.  The  cttyi|^^| 
three  represeotatioDs  of  Hyoloneaia,  the  Japanese  Gta«!»  Rope  Fpoii^  Tbtsdy^^^^f 
of  rhem  in  the  origiDdl  has  the  fascicles,  or  bundles  of  eilicioiti  tliit«d%  OObNffi^H 
while  the  others  are  white.  They  are  also  represented  aa  growing  rro»d«d  IOfeUM|Vi^H 
six  or  more  in  a  group.     The  CoatL>al  Sponge  maases,  too,  an«  flu  u  %  «^^H 

adhering  at  the  base  to  a  rock.     The  fascicled,  too,  fti^  nak«df  '  n  *^^^| 

Japanese  ingenuity  haa  prepared  for  market;  that  ia,  they  arc  ilr  -^idi^H 

poiyp  case  or  bark.     It  is  evident  thlit  the  artiRt  has  drawn  upon  '  '^^■^^'^1 

in);;  of  the  subject,  and  hid  own  inner  conaeiousnesfl.     The  one  w  'ak,thi^| 

color  being  probably  the  outcome  of  a  lively  Imafrioation,  has  tt  r  Jl*^| 

hmu.  Tlie  word  hfnttt  means  a  brush  of  long  white  bttir,  «iucb  aa  is  us«4  fay  th«M>^| 
dhiat  priests,  and  is  derived  from  the  adjective  h&noi^  muauin;^  f!ne,  tbli\,  dcGMSe.  ^^^^'^I 
means  red.     The  others,  which  have  the  uaual  white  fa^clel*  \%4mk    Tli^f 

words  hothi  and  hottz  seem  to  be  interehangeable^  a«  they  ii^  ^aiuu  k^^H 

are  changed  Ln  the  spelHng  for  some  rcajon  not  apparent.     Uo  ,  M^^| 

of  long  white  bair^  and  kai  means  a  small  bivalve.     The  word  h.i-     .  urv^J 

cation  to  moUu^ks  and  crustaceans  which  acems  to  carry  with  It  tlic  ^  ^| 

popular  word  shell-fish.     The  common  name,  then,  of  the  Glaw  R'^'  "^^^1 

would  ficem  to  be  ttie  SfulI^fHh.  with  the  bnuh  of  white  Aair^  or  tA>  "^^^^H 

JUh  ;  and,  as  we  have  the  anomalous  expression,  a  white-blackbini,  ^^  ^^^^^| 

the  Jie^i  Wliit^-haiird  ShtU-fiMk,     Of  course,  no  claim  is  here  sot  up  foi  ^il^^^l 

imcy,  although  the  above  U  believed  to  be  niificientlj  correct  for  the  puq»g^'  m  Iti^^^l 


THE  GLASS-SPONGES. 


535 


le,  and  spreading  out  in  the  water,  grew  the  aoopbyte,  as  he  re- 
led  the  silicious  whisp,  and  its  bark-like  envelop*     Now,  among 
H  polyps,  known  as  Aleyonarians,  is  the  Gorgonia,  or  Sea-fan,  which 
an  axis  of  a  horn-like  nature,  and  a  crust  of  lime  ;  so  he  made  of 
polyp,  which  be  supposed  constructed  the  axis  and  the  case,  an 
^onarian,  allied  to  those  polyps  which  biiihl  the  Sea-faua.     But  the 
ally  was  that,  instead  of  a  centre  or  core  of  keratose,  with  an 


_  ^rwnoAA.    Tnx  Ymtxm  Plowiiip1}a»kkt  r  A  GImi  Sjxiiige.    Tli«t  on  the  rigbt  f ■ 
I  of  tbii  mtanl  ciM,  Inteaded  to  ibow  tlie  lace-Uke  ueehoe.    The  fkiD  figure  U  Abcrat 
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envelop  of  Limei  thU  bad  a  core  or  axifi  of  mh/a^  and  a  bark  of  kcrir 
tose.  According  to  Dr.  Gray » the  Hymloaema  ^aa  really  two  aiumaU, 
namely,  the  polyp,  represented  by  the  glasa  ooil^  and  ita  horny  criut; 
and  the  sponge,  represented  by  ibe  conical  spicolar  maaa^  whidiasa 
new  species  be  named  Carteria, 

Prof.  Milne-Edwards,  in  1857,  deacribed  the  sponge-mass  and  i^t 
glafts-rope  as  bat  one  animal^  and  *'*'  degraded  ibe  aoopbyte  to  the 
rank  of  an  incrnitting  parasite/* 

la  1659  appeared  the  magnificeot  work  of  Dn  Brandt^  of  St 
Petersburg,  on  the  Hyaldnenaa.  Now,  the  tables  ajre  completely 
turned.  The  silicious  rope,  and  its  warty  bark,  are  declared  to  be 
parts  of  a  polyp,  and  the  sponge  is  announced  as  the  parasite! — "al- 
taching  itself  to  the  polyp,  gradually  penetrating  ita  ailicioos  ftxii, 
and  finally  killing  it."  Poor,  innocent  sponge!  Even  at  the  risk  of 
bung  anparliamentary^  we  rise  to  brand  that  statement  as  a  libel  on 
the  sponge. 

In  1800  appeared  the  elaborate  memoir  on  the  Hyalonema  by 
ProC  Max  Schultse,  of  Bonn.  Ue  describes  the  glass-coil  and  tbe 
spouge-masi  as  belonging  to  one  and  the  same  animal  structure.  Tbe 
warly  crust,  or  case,  he  reiers  to  a  distinct  animal,  a  polyp  to  wUch 
hn  gives  the  name  Palythoa  fcUua,  Sehultze,  however,  makes  tbe 
polyp  a  "  commensal "  with  tbe  sponge ;  that  is,  they  both  lire  it 
Ihe  same  table,  which  means  that  the  sponge,  by  its  ciliary  actit>Qi 
has  to  supply  food  for  both^  Sohultz^s'a  exposition  is  the  generally 
accepted  one;  His  idea  of  commensaltsm,  however,  the  present  writer 
osnnol  aeoopt*  Nor  can  he  accept  Milne-Edward's  degradation  of  tk 
floopbyie  to  a  parasite.  But  want  of  room  will  not  permit  a  stit^ 
ment  her«  of  the  reasons  of  his  disbelief. 

The  curious  fact  made  clear  is  that,  through  all  these  years  of 
earnest  inTestigation,  Hyalonema  was  studied  upside-down,  oatil 
Prof  Lovio  published  his  ingenious  paper  (in  1867,  we  thiuk)^  U 
which,  by  a  little  stalked  pyriform  deep-sea  sponge,  he  demonstnteil 
the  true  positian  or  attitude  in  life  of  the  Hjialonema.  In  1870  Prot 
Joseph  Lcidy  attained  the  same  conviction  from  a  different  line  of 
argument.  It  was  pretty  much  as  if  one  should  ask,  "Should  a  houao 
stand  on  its  chimney  ?  "  Says  Dr.  Leidy :  "  It  has  occurred  to  me  thii 
Uie  sponge-mass,  tn  its  natural  position,  was  uppermost,  and  was 
moored  by  its  glassy  cable  to  tbe  sea^bottom ;  this  opinion  is  founded 
on  the  circurnatance  that  in  sponges  generally  the  large  osculesfrom 
which  flow  the  currents  of  effete  water  are  uppermost^"  In  fact,  \hm 
||lassy  threads,  at  their  lower  extremities,  spread  oat  in  a  spiral  maniKT, 
nmeh  like  the  spray  from  a  turbine  water-wheel,  and,  thus  penetrstisg 
Ui«  liittd,  afford  a  good  anchorage.  This  mooring  is  greatly  helped, 
\\\\\  1iy  Uie  peculiar  structure  of  these  \m\%  silicious  needles,  Thiee 
..  11  .  ,^f*  glassy  threads,  are,  in  the  body  of  the  fascicle,  or 
-al,  and  smooth;  but,  toward    their  extremities^   they 
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e,  having  almost  imbricating  rings.  Bebeld  for  the  first  time 
ier  the  microscape,  its  sight  recalled  the  appearance  of  the  hairs 
'  a  bat.  I  have  convinced  myself  that  this  is  the  functional  intention 
of  the  frayed  end  of  the  fascicle,  hy  a  careful  examination  of  a  suite 
of  specimens  obtained  for  mc  at  Enosimaj  Japan^  by  Prof,  Griffis,  of 

f€  Imperial  College  at  Yeddo. 
But  the  deop-sea  dredging  described  in  Dr*  Thompson's  book  sheds 
much  light  on  the  Hyalonema,     Says  the  writer :  "  When  we  trace  its 
^velopment,  the  coil  loses  its  mystery.     In  two  or  three  hauls  we  got 
Ihem  in  every  subsequent  stage — beautiful  little  pear-shaped  things,  a 
Botimetre  long,  with  a  single  oscuhim  at  the  top,  and  the  whisp  like 
y  small  bnish<     At  this  stage  the  Palythi>a  ia  usually  absent,  but, 
when  the  body  of  the  sponge  has  attained  15  mm.  or  so  in  length,  very 
generally  a  little  pink  tubercle  may  be  detected  at  the  point  of  junc- 
tion between  the  sponge-body  and  the   coil,  the  germ  of  the  first 
polyp." 

Fia.  4. 


Ainrju    H»lf  I  bo  noinrjii  Aze.    A  gUti-ipong'e,  obUlDcd  at  Santa  Crna,  W.  L 


AIlu«iou  has  been  made  to  the  ingenious  manipulation  of  thcso 
sponged  by  the  Japanese.  Says  Dr.  Iladlow,  then  in  Japan: 
somelimes  meet   with   portions  of  the  glass  coil   most   ingen- 

Jy  attached  to  and  gronped  with  corals,  shells,  and    other  ma* 
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line  prod  acts.  .  .  ,  Sueb  arrangements  are  entirely  artificial,  oH 
withstiiiuiing  that  they  are  often  so  artistically  done  a*  to  bar* 
a  most  deceptively  natural  appearance/'*  The  prtdtiest  specimt^ 
of  Uyalonema  the  writer  ever  saw,  one  worthy  to  !>©  called  uniqi^k 
was  a  clever  put-np  job.  Even  to  a  part  of  the  polyp  eDcaMj^^l 
from  one  end  to  the  other,  it  was  put  together  much  as  we  bai^^^^l 
gome  fraudulent  bird-stufiers  put  iulo  the  tail,  wings,  and  erte^^l 
crown  uf  the  head,  feathers  from  other  birds.  fl 

Hyalonema  was  the  fii*8t  of  the  glass-sponges  known  to  9ci<^n^| 
It  came  amoug  the  savants  as  an  anomaly  of  animal  et «  \  tfl^l 

after  appeared  the  Venus^s  Flower-Basket,  the  peerless  ^^^H 

the  glasd-s|>ongcs.  lu  two  remarkable  res^pects  it  resembled  its  pilH 
ecessor.  Like  Hyalonema,  it  was  moored  to  the  sea-bottom  iH 
glassy  threads ;  and,  like  the  pretty  Glas^Rope  8|M>ngc,  it  madi:  IH 
dehut  m  scieutifio  society  standing  on  its  head  !  It  was  aeti^^^^| 
figured  by  Dr.  Owen,  its  original  de^criber,  in  the  ^^  Zocilogtc^anm^l 
actions  of  London/*  The  name  by  which  it  is  now  known  is  well  dH 
served  by  an  object  so  lovely — Eupk.ct€Ua   sptcio$a,      T^  >iH 

these  words  means  well-woven,  while  the  second  intensifies  t  « 

that  the  meanhig  really  is,  the  specially  beautiful,  well-woven  (Fig.  ifl 

It  is  almost  hopeless  to  attempt  a  description  of  Euplectclla  flH 
words*  Kor  has  any  artist  yet  done  justice  with  his  pencil  to  ih^  lidH 
cate  fabric.  The  first  specimen  that  reached  England^  and  wli^^^H 
a  long  time  was  the  only  one  known,  was  purchased  by  WiIMll^H 
Broderip,  for  the  sum  of  #150  in  gold.  Says  Prol  Owen:  "Mr,  Ca^| 
itig  has  intrusted  to  me  for  deecription  one  of  the  riS 

beautiful,  as  well  as  the  rarest  of  the  marine  proii  ofl 

tella  is  in  form  a  cornucopia,  at  the  lower  end  about  an  inch  in  (Hai^| 
cter,  and  in  good  specimens,  ailer  making  a  graceful  cnrve,  t«aM||^| 
ing  at  top  in  a  width  of  nearly  two  Inches.  This  part  has  ^^^H 
with  a  frilled  edge,  which,  in  a  complete  Bpecimen,  projeel^  alxmt^^H 
fourth  of  an  inch  over  the  sides.  The  bottom,  or  snialter  end,  is  c^ 
compassed  with  a  dense  ruff  of  glass  threads,  so  delicately  ^  tiit^f 
fiexible,  ami  tine,  that  they  look  like  a  tuft  of  flos6-«ii!k.  Thb  mMMH 
surrounding  is  sunk  into  the  deep«ea  ooze,  the  fibres  pointl^P^H 
which,  though  effectual,  Is  certainly  an  odd  way  of  mooring  It^lC  WM 
thiB  manner  this  sponge  is,  when  living,  in  a  perpetual  bath  of  tnu^H 
Like  Hyalonema,  our  Euplectella  is  an  anchoring  sponge,  Vtmi*^^ 
Flower-Basket  looks  like  a  structure  mjide  of  spnn*g!ass ;  and  »o  Irt™ 
gile  that  one  hesitates  to  take  it  into  the  hands.  It  is  wondcriuUjflH 
light — reminding,  in  this  respect,  of  the  skeleton  or  jdiantom  fJufft^^M 
sometimes  seen  under  glass^.  But  Euplectella,  although  really  so  dvliB 
cate,  Is  quite  strong.    The  threads  which  make  up  this  fabric  of  iro> ilM 

>  '*Thc  Hyalonema  Himbiliij.**  Read,  October  SO,  IB*1%  befbre  th«  Asiatic  Societf^H 
Japan,  by  Benry  Hadloir,  Surgeoa  R.  K.    Frfaled  \n  the  Japan  W^kif  JM,  EifAlS 
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ViLATAi  oaturaJ  t\wt,    A  gli^s^pontre  drccl^ed  off  tlio  Strait  of  Gibraltar  in 

051   futilOUili. 
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glass  are  eo  flexible  that  a  body  is  led  to  wonder  if  thi6  is  like  ^| 
product  of  that  lost  art.     To  us  it  seems  doubtful  wbether  any  wo^P 
glass,  the  product  of  art,  can  quite  affect  the  singular  lustre  that  be* 
lon^'^B  to  these  silicioys  threuds  spun  from  Katore^s  dista£    Each 
thread,  although  of  pure  silica,  and  solid,  is  really  composed  of  a  seriei 
of  concentric  tubes  or  cylinders,  as  if  spun  on  a  central  thread  or  eore^ 
The  effect,  as  respects  the  light,  is  not  easily  described.    As  the  threi 
are  composed  of  piii-e  silica,  one  might  suptpose  that  they  would  \ 
transparent,  as  a  tilm  of  pure  white  glass  of  equal  thtcknesa.    Soch] 
not  the  fact.     They  are  translucent,  and  have  just  an  appreciable  I 
of  the  opal     It  is  this  that  imparts  to  Euplectel la  that  softness  ( 
aspect  which  has  been  called  *'  a  delicate  satiny  lustre,"     To  us  the 
term  opalescent  seems  better.     We  have  a  specimen  which,  in  a  good 
light,  shows  the  play  of  colors  that  frozen  crispy  snow  does  iu  llifl 
moonlight. 

As  to  the  idea  "  well- woven,"  which  the  name  contains,  lh6^ 
fabric  really  seems  to  have  its  web  and  its  woof.  There  are  looj 
threads  that  traverse  the  whole  length ;  and  there  are  others  that  cr 
and  interlace,  or,  more  correctly,  interweave.  And,  what  no  IOO0K 
human  invention  has  ever  done,  this  lowly  weaver  makes  the  fabric  u 
it  progresses  take  on  the  most  quiintly  little  flounces  "^nth  the  mart 
delicate  frilled  edges  imaginable ;  and  all  arranged  in  such  eharmitig 
grace  and  ease^ — not  in  parallel  circles,  like  hoops  oti  a  barrel,  but  i 
tasteful,  easy-flowing  curves.  In  the  configuration  of  the  innumcnibl| 
forms  of  structure,  Nature,  as  she  ascends  in  the  grade  of  her  wxiri 
almost  abandons  her  parallels  iu  the  outlining  and  omameutation  t 
her  constituted  things.  In  the  mineral  province  the  stnictun^ 
crystals  shows  her  delight  in  parallel,  straight  lines.  The  curve  i<  I 
rarity  there.  But  in  organic  forms  the  curve  is  the  rule,  atitl 
straight  line  is  the  exception.  The  lace-like  structure  of  the  Ettple< 
tella  is  so  aOrial  a  fabric,  and  so  quaintly  graceful,  and,  as  one  migt^ 
say,  so  deftly  done  in  the  putting  together,  that  any  embroidtffl 
would  seem  iu  the  comparison  bungling.  Enflonnced  in  its  own  ^i 
crispy  frills,  there  is  an  air  of  improvised  beauty.  And  there  ii  1 
flavor  of  rank  in  the  almost  grotesque  hint  thrown  out  by  the  1 
titues  queer  sort  of  relief  afforded  in  this  excess  of  elegance  by  s  < 
of  chevron-work» 

Euplectella  is  chiefly  got  from  the  Philippine  Islands.    The  XAVS^ 
have  their  own  notions,  it  seems,  about  this  marvellous  object, 
will  tell  you  that  this  beautiful  sponge  is  found  in  pairw,  and  that  tbi 
are  the  work  of  little  crabs,  who,  they  believe,  build  these  ban 
while  living  inside  them.     It  is  a  remarkable  fact  that  gene 
these  glass  cornucopias,  as  if  they  were  cages,  a  pair  of  little 
dwell  together.     How  they  ever  got  inside  nobody  knows.     Can  111 
that  they  are  silly  enough  to  wall  themselves  up  in  this  limbo  \ 
silica?    Not  they,  although  they  do  have  nippera  aDji 
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thxich  lowlier  creature,  fingerless,  and  for  that  matter  organlees,  np- 
renrs  these  fairy  structures.  However,  the  fact  is  indiapiitable.  There 
they  are,  incased  in  glass,  and  l>eyond  the  possibility  of  deliverance. 
Were  these  little  folks  communicative,  and  not  so  crahhed,  one  might 
ask  if  they  acted  out  the  moral  of  the  adage  about  people  who  live  in 
glass  houses.  There  is  little  donbt  that  this  imprisonment  is  volun- 
tary* We  think  these  crabs  are  trne  commensals.  Whether  welcome 
or  not,  they  always  eat  at  the  Eupkctclla's  table.  Lest  we  should 
seem  to  he  muddling  the  work  of  tlie  Bystematists,  we  would  be  under- 
stood metaphorically,  when  stating  our  positive  conviction  that  these 
crabs  are  sponges  from  their  very  birth. 

A  new  glass-spouge,  obtained  from  the  island  of  Santa  Croz,  W*  L, 

Jb  described  by  Prof.  Joseph  Leidy,  in  the  American  Naturalist  for 

Blarch,  1870,     Some  description  of  it  had  already  been  given  else* 

where.     Its  form  is  seen  in  Fig.  4.     It  will  he  remembered  that  the 

€'  s8-rope  sponge  had  one  fascicle  or  bundle  of  glass  threads.  This 
nge  has  at  least  twenty  of  these  Trundles,  each  about  two  inches 
g.  These  also  are  of  silicious  threads,  and  have  the  appearance  of 
"tufts  of  blond  hyman  hair."  It  would  not  be  strange  shonld  a  lady 
naturalist  liken  them  to  skeins  of  ettir-color  zephyr  worsted;  for, 
juicer  as  this  may  seem,  such  would  he  an  uneonscions  guessing  of  the 
^Bme  which  this  new  sponge  has  received.  Pheronema  means  the 
^kein-hearen  "  In  honor  of  his  wife,"  Prof,  Leidy  "has  dedicated  the 
Ipeciea  under  the  name  of  Pheronema  Annw, 

The  names  of  this  trio  of  wonderful  sponges  are,  it  will  be  seen, 
expressive,  euphonious,  and  picturesque  ^ — Ilyalonema,  the  glass,  or 
hyalene  skein  —  Enplectellaj  the  accomplished  weaver  —  Pheronema, 
the  skein-bearer. 

Fie,  6. 
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And  now,  like  wresting  jewels  from  the  land  of  Tnrl,  the  naturalist 
has  found  that  these  inimitable  gems  are  of  many  kinds  and  abun- 
dant, but  locked  up  in  the  hitherto  unapproachable  coffers  of  the  deep 
First,  the  Norwetxian  scientist  invaded  this  domain,  and  bore  oflf 
aazing  treasures.     Then  the  Americans  tried  these  great  depths,  and 
>ught  up  gems  that  amazed  the  eyes  of  the  naturalist.     Then  came 
English  expeditions,  tolling  the  ocean  treasury  at  the  astounding 
Bplh   uf  ISjOOO  feet!     It   is  now  fjimd   that   the   cungemal   home_ 
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of  the  glafts-fipongei!  is  tbe  emphaticanf  deep  water.     There  ure 

precious  stores  of  exquitiite  forms  and  BtructureB,  that   have  tieifl 
been  seen  by  any  except  tbeir  Creator.     One  of  these,  defK?ribed  fl 
Dr.  Thompson's  book,  which  was  obtained  during  the  cruise  of  tlH 
IJghtning,  is  named  in  honor  of  M.  Hulten,  ihe  Danish  governor  fl 
Faroe,  and  Prof,  Carpenter — heuce  the  appellation  J/oUtnia  Carjm^ 
teri.     It  is  about  nine  inches  long,  and  three  and  a  half  inches  wide* 
The  body  o£  this  glass-sponge  is  of  an  oval,  or  egg-shaped  form.    A\ 
the  bottom  la  a  great  mass  of  line  silicions  threads^  like  white  hairs, 
wadded  together  like  a  mop.     These  are  its  anchoring  threads.    Tbt^re 
is  a  crater,  or  oscular  opening  at  top,  about  three-fourths  of  an  incli 
wide,  around  which,  on  the  outside,  short  threads  of  siilca  stand  out, 
not  unlike  a  beard.      Thus  the  upper  part  of  the  sponge  might  be 
likened  to  a  bird's-nest,     Ilcnce  the  Setubal  deep-sea   shark-fishery 
who  sometimes  bring  them  up  from  great  depths  with  threads  of  Hya- 
louema  on  their  fishing-lines,  call  them  **  sea-nests."     The  spicules  are 
arranged  in  little  stellate  groups,  the  effect  being  that  the  entire  8W* 
face  of  the  sponge  has  an  ornamentation  of  stars. 

We  can  mtuition  but  one  more  of  these  singular  beings.  Thia  iy 
the  RouaeUa  veiata^  Fig.  5.  And  here  we  will  borrow  Dr.  Thompson™ 
own  words:  "On  Angust  30,  1870,  31r.  Gwyn  Jeffreys  dredged  i^ 
651  fatfioms  in  the  Atlantic  off  the  mouth  of  the  strait  of  Gibraltar  «H 
exquisite  sponge,  resembling  IToltenia  in  its  general  appearance^  I'Ut  \ 
differing  from  it  in  the  singular  and  beautiful  character  of  having^ 
delicate  outer  veil,  about  a  centimetre  from  the  surface  of  the  spongt(fl 
formed  by  the  interlacing  of  the  four  secondary  rays  of  large  iiT<fl 
rayed  spicules,  which  send  their  long  shafts  from  that  point  verticall^B 
into  the  sponge-body.  The  surface  of  the  sponge  is  formed  ofaBe^f 
work  of  large  five-radiate  spicules,  arranged  very  much  as  in  Ilolttnia]^ 
but  the  spicules  of  the  earcode — the  small  spicules  which  are  embi^ddijB 
in  the  living  sponge-jelly — are  of  totally  different  form.  A  siii|[lM 
large  'osculum'  opens,  as  in  Ifoltenia,  at  the  top  of  the  sponge,  bd^ 
instead  of  forming  a  cup  uniformly  lined  with  a  netted  membrane^  ttie 
oscular  cavity  divides  at  the  bottom  into  a  number  of  branching  I>m™ 
sages,  as  in  I^heronema  Annmy  described  by  Dr.  Leidy.  The  spiculii^B 
of  the  '  beard  *  are  more  rigid  and  thicker  than  those  of  MoHenit^^ 
and  scattered  among  them  are  some  very  large  four-barbed  grapplingj 
hooks.'*  Such  is  the  capital  description  of  the  learned  naturalist.  *t^M 
be  sure,  some  old  *'salt'*  would  be  more  laconic;  for  he  douhtietB 
would  tell  you  that  it  was  like  a  pine-apple,  with  the  crown  and  iti* 
core  removed. 

We  have  tried  to  make  plain  what  is  meant  by  sponge^flesh,  r(J£fl 
which  the  word  sarcode  4 s  used.  It  should  be  understood  that  ^^^^^H 
Barcode,  which  is  a  semi-fluid  substance,  is  simply  held  to  the  meellH 
like  skeleton  arid  to  itself  by  the  interlacing  of  tiny  needles  *if  fiint^J 
Called  spicules,  so  that  the  albuminous-like  flesh  is  really  felted  t^^H 
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ler.  From  the  sponge  of  the  toilet  this  Barcode  and  itg  Bpicnlea 
^  been  all  removed.  The  interesting  fact  is  that,  while*  these 
lilea  are  arranged  in  diflerent  pattLTris,  many  being  made  to 
lie  like  stars,  no  two  species  have  the  same  pattern.  Look  at 
:e,  which  represents  the  spicules  of  Fheromma,     It  looks  as  if 

L 
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ijtm  or  Tos  Oirrai  Waix  or  VENTitictnjTBS  StMFLKX,  nbowtiii;:  tbe  etmetnre  of  tfae  elll- 
cloui  network.    Mftgntfled  50  tlmea. 


^nei 


tes  were  united  together  to  make  an  irregnlar  fitar.  Now,  one 
liese  needles  sticks  perpendicularly  into  the  sarcode,  leaving  the 
Ir  rays  to  spread  out  in  a  plane,  to  which  the  one  that  serves  as  a 
[e  is  perpendicular.  One  might  liken  it  to  a  parasol  without  its 
I  oovering — the  handle  in  the  hand  ia  the  spike,  and  the  steel  ribs 
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'  or  A  Moosnro-TniiiAD  or  PnBnomMA,  phowtnir  the  ooichcd  sldei  and  the  aachor- 
llakea  ft!  the  end.    Oroatly  mi!ijraifted. 


oat  will  represent  the  silicions  rays,  or  spicules.    At  a  little 

Qce  from  this  penetrating  needle,  or  spike,  the  needle  of  another 

irregular  stars  pierces  the  sarcode.     Of  consequence,  the  ra- 

f  needles,  or  spicules,  of  each  one  of  these  irregular  stars  h^ck 

^the  similar  spicules  of  the  adjoining  star,  and  so  on  for  the  entire 

,  until  it  fias  the  efiFect  of  felt ;  with  this  great  diflference,  however — 

]rulsr  is  this  natural  felting  of  the  sponge*flesh— that  the  whole 

spiculated  or  laid  out  in  qnrto  reccular  and  pretty  patterns ; 

ch  iR  the  unifomiity  of  pattern  for  each  kind  that  they  actually 


544  ^^^  POPULAR  SCIENCE  MONTIfir. 

mark  the  dlference  of  gpeciee.  As  evidence  of  thk  regularity  j 
beauty,  look  at  the  engraving  of  the  spicular  pattern  of  a  fossil  gl 
sponge  (Fig.  7).  Now,  it  should  be  ob&erved  of  the  sponges  wh 
ive  have  given  in  detail,  that  their  spioalea  are  arranged  on  a  aix*ray 
plan,  or^  as  sometimea  expressed,  hexradiate.  Accordingly,  Vn 
Oscar  Schmidt  has  **  defined  the  group  as  a  family  under  the 


VgHTHictLTTRS  SiKPtsx. — A  foesll  ipoTifre,  once  and  a  hftU  the  nAtural  i>iBe>  nhowtag  Ui«ni^ 
ornameTited  by  a  ragnkr  ArnmgetQont  of  TooCricl«9,    (jScmt  F\g.  10.) 

Many  of  these  glass-sponges  have  the  habit  of  mooring  tUemBflT 
by  their  silicious  threads,  and  on  this  account  are  called  "aiicborin 
sponges."  Though  acting  in  this  matter  on  one  general  principle, ; 
they  have  diversities  of  ways  in  carrying  out,  this  law  of  their  iiatuin 
Jlt/aionema^  the  glasa-rope  sponge,  plunges  its  long  threads  down  ml 
the  mud,  and  then  spreads  them  out  like  a  brush.  These  thrra 
have  a  ringed  structure,  so  that  each  one  has  an  individual  hold,  < 
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mrelisee*  like  that  of  a  screw.    Venus's  Flower-Basket  has  the  small 

E[  of  tbe  cornucopia  plunged  deeply  into  the  aea-ooze^  and  from  its 
reme  end  threads  go  out  with  an  upward  and  outward  curve.  Thus 
mud  rests  upon  them  on  the  Inside  of  tbe  curves,  and  holds  the 
^b-shaped  tuft  of  fibres  down.  I^heronema  has  its  threads  near  the 
extremities  marked  by  projecting  notches,  while  at  the  very  extremity 
it  is  actually  anchor-shaped,  as  shown  by  a  thread  magnified  (Fig.  8)* 
EoUenia  baa  a  great  mop  of  fine  roots,  like  what  is  often  seen  when 
changing  a  plant  from  one  flower-pot  to  another.  Moasella  has  a  great 
outlay  of  mooring-threads,  with  frequently  a  line  quadrate-barbed  at 
ita  eitreniity.    This  is  well  shown  in  Fig,  6.     These  lines  have  actually 

rthe  bottom  a  four-hooked  grapnel. 
A  very  interesting  fact  is  this  :  The  study  of  these  MexactineUidcB 
has  made  clear  as  light  the  structure  and  character  of  the  curious 
Gnty  fossils  obtained  from  the  cretaceous  formation,  and  known  as 
VtfUriculites,  Fig,  %  shows  one  of  these  fossils,  and  Fig.  10  shows 
I  beautiful  spicular  structure.  It  is  now  plain  that  they  were  glass- 
onges,  and  also  belonged  to  the  i&xm\j  ^exactmeUidce ;  while  the 
*p-ftea  dredging,  as  it  brings  up  these  &o-long-concealed  witnesses, 
» proving  that  our  notion,  that  the  cretacean  forms  of  life  belonged 
rholly  to  the  great  past,  needs  careful  revisiion  j  for  it  may  be  that 
hw  aate-biotic  theory  is  not  quite  correct. 


Flo.  10, 


I  SpavAOB  OF  THX  FofBtL  SpoKos,  YincTfucuuTirB  HmrLcx,  miu^nlflccl  foitr  timet,  ahow- 
tnjr  the  rentiicloA  whlcU  mnku  tbe  oatcr  orLamciJt.    iSe€  Fl^,  9,) 

And  there  are  many  strange  and  also  beautiful  forms  of  life  that 
ooinpftnions  of  these  deep-sea  sponges.     Yes,  and  even  almost 
conditions  of  life  are  there.     A  substance  like  albumen,  a  sort 
plasm,  spreads  over  the  broad  acres  of  the  sea-bottom.     Per* 
Jap«  it  is  the  mauna  which  Providence  has  given  to  these  wonderful 
tures  that  occupy  these  deserts  beneath  the  sea.     Certain  it  is  that, 
•ensea,  the  dredger  is  plunging  into  the  profoundest  physical 
How  precious,  then,  is  every  grain  of  mud  obtained  from 
rot,  iiL — 85 
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such  deptbs  !  Hence  the  careful  treatment  it  receiv€«  when  brouglit 
on  deck.  Fig.  1 1  shows  the  sieves  used.  The  whole  nest  of  four  is 
used  at  once.  Some  of  the  mad  is  put  into  the  top  one,  which  has 
large  meshes,  these  meshes  decreasing  in  size«  so  that  the  smallest  ure 
in  the  sieve  at  the  bottom.  The  whole  are  set  in  a  deep  tnb  of  §ea- 
water-  There  is  to  be  no  turning  round  of  the  Pieves,  as  that  would 
break  or  bruise  some  of  the  frail  organisms.  Taking  hold  of  the  han- 
dles of  the  bottom  sieve,  the  whole  nest  is  lifted  up  and  down  with  s 
gentle  churning  motion ;  and,  when  the  mud  is  all  passed  through,  th^ 
objects  are  tenderly  removed  to  jars  of  sea-water,  A  bone  forcepiii 
used  for  this  purpose. 


Tm  BiBTif  ijtEn  rst  «PABATrso  titb  Cowrtjrfs  or  tot  Diuroo«  i?f  Dxn^gtA 

What  a  wondei-ful,  yea,  fascinating  thing,  then/is  this  lovely  gl** 
sponge  !  It  is  amazing  that  a  creature  so  simple^  that  it  haabeeacilW 
structureles!?,  should  surpnss  all  other  organisms  in  its  capacity  of  ^e«^ 
ing  exquisite  fabrics.  And,  now  that  we  have  had  time  to  8ol>er  dowpA 
little  in  our  raptures  over  its  structural  beauty^  and,  so  to  tpeflk- 
one  that  has  passed  from  the  pleasant  contemplations  of  art  to 
graver  meditations  of  philosophy — to  listen  with  composure  t^ 
deeper  teaching,  we  fiud  it  casting  new  light  upon  the  inquinei^ 
Science — even  lifting  a  comer  of  the  veil  of  the  covered  past 
little,  until  lately,  did  we  know  about  the  glass-sponge,  that  w« 
like  the  purblind  prehistoric  man  working  patiently  at  his  flint 
to  fashion  it  into  an  implement  for  use,  little  dreaming  that  some 
sponge  had  been  the  ancient  climiimtor  and  conscr^'ator  of  the 
silex  of  the  sea,  and  had,  through  subsequent  geologic  actimi, 
served  its  skeleton  for  the  service  of  that  ruder  artisan,  Whal 
freight  of  precious  knowledge  will  that  be,  when  the  good  ship 
lenger  shall  have  retumt'cl  from  her  four  years*  dredging  arouiid 
world,  among  that  newly-opened  **  Abyssal  Fauna,*'  whoee 
covers  140,000,000  square  miles  beneath  the  blue  mantle  of  "< 
myriad  smiling  sea  !  ** 
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WHATE\T1R  empirics  and  utilitariane  may  eay  of  them,  tbere  are 
certainties  apart  from  tbe  experimental  method,  and  tbere  is 
progress  discoonected  with  brilliant  or  benelicent  applications.  The 
mind  of  man  may  pat  forth  its  power  in  laboring  in  harmony  with 
reasonf  yet  discover  genuine  trnlhs  in  a  sphere  as  liir  above  that  of 
laboratoriea  and  mannfactures  as  their  sphere  ie  above  the  region  of 
lie  coarsest  arts.  In  a  word,  there  is  a  temple  of  light  that  unfolds 
its  portals  to  the  sotil  neither  through  calculation  nor  through  experi- 
aent,  which  the  aoxil  neTertheleaH  enters  with  authority  and  confi- 
iencc,  so  long  as  it  holds  the  consciousness  of  its  sovereign  prcroga- 
ives.  When  will  professed  scientistSj  better  informed  of  the  close 
nection  between  metaphysics  and  Bcience,  whence  our  modem 
nowledge  of  Nature  has  sprung,  better  taught  in  the  necessary  laws 
liat  govern  the  conflict  of  reason  with  the  vast  noknown^  confess  that 
there  are  realities  beyond  those  they  attain  ?  When  will  science,  in- 
stead of  the  arrogant  indifl\?rence  it  assumes  in  presence  of  philosophy, 
Admit  the  fertility  beyond  estimate  of  the  latter  ?  It  may  be  that  the 
oar  of  this  reconciliation,  so  much  to  be  longed  for,  is  less  remote 
many  suppose  5  at  leasts  every  day  brings  us  nearer  to  it*  The 
pint  of  Descartes  cannot  fail  to  arouse  before  long  some  genius 
eighty  enough  to  revive  among  us  a  taste  and  respect  for  thought  in 
the  departments  of  scientific  activity.  Deserted  as  high  abstrao- 
are  for  the  moment,  they  are  not,  thank  Heaven,  so  utterly 
ddoQed  as  to  deprive  sttidy  of  its  ardor,  and  essays  of  their  success, 
these  relate  to  the  problem  of  the  constitution  of  matter.  In 
^  tliia  is  a  question  which  for  several  years  past  has  occupied  some 
our  own  savants  ariJ  thinkers,  as  completely  as  it  has  employed 
o«t  of  those  of  the  rest  of  Europe,  a  question  which  bears  witness 
flth  peculiar  eloquence  to  this  fact,  that,  if  philosophers  are  forced  to 
orrow  largely  from  science,  in  its  turn  science  can  retain  clearness, 
cdevation,  and  strength,  only  by  drawing  its  inspiration  from,  and 
agnizing  its  inseparable  connection  with,  the  abstract  consideration 
hidden  causes  and  of  first  principles. 


Matter  is  presented  nnder  a  great  variety  of  appearances.  Let  us 
ier  it  in  its  most  complicated  state,  in  the  hnram  body,  for  Ln- 
In  this,  ordinary  dissection  distinguishes  organs,  which  may 
rosoked  into  tissues.    The  disintegration  of  the  latter  yields  ana- 
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tomical  elementg  from  which  direct  analysis  extracts  a  certain  nao^H 
of  chemical  principles.  Here  the  anatomigt's  work  ends.  The  chemiw 
steps  in,  and  recognizes  in  these  principles  definite  kinds  arising  from 
the  cc^mbiuation,  in  fixed  and  deterniinate  proportions,  of  a  cerUin 
number  of  principles  that  cannot  be  decomposed,  substantially  iih 
destructible,  to  which  he  gives  the  name  of  simple  bodies.  Carbon, 
nitrogen,  oxygen,  hydrogen,  sulphur,  phosphorus,  calcium,  iron,  which 
thus  set  a  limit  to  experimental  analysis  of  the  most  complex  bodies, 
are  simple  substances,  that  is  to  say,  tliey  are  the  origiiiai  and  irresolF' 
able  radicals  of  the  tissue  of  things. 

We  now  know  that  matter  is  not  indefinitely  divisible,  aad  th|^ 
the  smallest  parts  of  the  variotis  simple  substances  existing  in  tlMli|^| 
that  are  naturally  compound  have  not  all  the  same  dim*  '  '^^fl 
equal  weights.    Chemistry,  by  a  course  of  analyses  and  moa  t^| 

has  succeeded  in  determining  the  weights  of  atoms  of  the  d]fere||H 
elements,  that  is  to  say,  taking  as  a  unit  an  atom  of  the  Ugbt«|^| 
element,  hydrogen,  in  determining  the  weight  of  the  atoms  which  i^| 
equivalent  to  this  conventional  unit  in  the  various  combinatiooi^l 
Though  many  savants  continue  to  maintain  that  atonuc  weights  uvH 
nothing  but  relations,  and  that  the  existence  of  atoms  is  a  mere  ]<^-  1 
cal  device,  it  seems  more  reasonable  to  admit,  with  the  majority  of 
those  who  have  studied  this  difficult  problem  closely,  that  these  fttoms 
are  actual  realities,  while  it  may  be  very  far  from  easy  to  settle  pT^ 
cisely  their  absolute  dimensions.  In  any  case,  we  may  affirm  thit  I 
these  dimensions  are  very  much  less  than  those  presented  by  the  pw*  J 
tides  of  matter  subjected  to  the  mo&t  powerful  and  subtle  methods  of  I 
division,  or  decomposed  by  the  imagination  into  its  minutest  elemtiibkj 
"  Let  man,'*  says  Pascal,  ^*  investigate  the  smallest  things  of  k\\  ^^M 
knows;  let  this  dot  of  an  insect,  for  instance,  exhibit  to  him  in  ^^H 
diminutive  body  parts  incomparably  more  diminutive,  jointed  liiub^H 
veins  in  those  limbs»  blood  in  those  veins,  in  that  blood  humort^  »H 
drops  within  those  humors — let  him,  still  subdividing  these  fiofllf^ 
points,  exhaust  his  power  of  conception,  and  let  the  minutest  obj^  J| 
his  fancy  can  shape  be  that  one  of  which  we  are  now  speakiag^fl 
he  may,  perhaps,  suppose  that  to  be  the  extreme  of  minuteoesi  ^H 
Nature.  I  will  make  him  discover  yet  a  new  abyss  within  tl»  ^| 
will  draw  for  him  not  merely  the  visible  universe,  but  all  bofSi|^| 
that  his  imagination  can  grasp,  the  immensity  of  Nature,  within  lil^| 
confines  of  that  imperceptible  atom."  In  this  Pascal  displays  a  fed*  j 
ing  as  true  ai^  it  is  deep  of  the  infinitely  small,  and  it  is  intervsttof  lifl 
observe  how  the  amazing  revelations  of  the  microscopic  world  hS^H 
justified  his  eloquence  and  foresight;  and  yet  this  microscopio  wotH^| 
whose  minutest  representatives,  such  as  vibrios  and  bacteria,  are  hai^| 
ly  less  than  the  ten-thousandth  part  of  ^  of  an  inch,  how  coarse  i^^H 
compared  with  the  particles  thrown  off  by  odorous  bodii^.«i,  and  ^i^H 
the  inconceivably  minute  quantities  which  chemistry,   phvi^iL^  ^''^l 
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mechanlce,  now  measure  without  seeing  them,  or  make  their  existence 
plain  without  gruBping  them  I  We  may  mention  Bome  instances 
which  CAn  give  us  an  idea  of  these. 

According  to  Tyndall^  when  very  minute  solid  particles,  smaller 
than  the  luminous  waves,  are  diffused  in  a  medium  traversed  by  light, 
the  light  is  decomposed  in  such  a  way  that  the  least  waves,  the  blue 
ones,  predominate  in  the  reflected  raye,  and  the  largest  ones,  the  red 
waves,  in  the  transmitted  raye.  This  ingenious  physicist  thus  explains 
how  the  blue  color  of  the  sky  depends  and  must  depend  on  the  ex* 
istence  of  solid  particlee,  excessively  minute,  diifneed  in  infinite  quan- 
tity through  the  atmosphere*  Tyndall  is  not  disinclined  to  the  idea 
that  these  imperceptible  atoms  might  very  well  be  no  other  than  those 
germs  of  microscopic  organisms  the  presence  of  which  in  the  atmos- 
phere has  been  proved  by  the  labors  of  Pasteurj  as  well  as  the  part 
they  take  in  the  phenomena  of  putrelaction  and  fermentation.  The 
ova  of  these  beings,  which  are  barely  visible  under  the  microscope 
after  attaining  full  development,  and  of  wliich  the  number,  ascertained 
by  the  most  decisive  evidence,  confounds  the  boldest  imagination, 
these  would  be  the  elements  of  that  vital  ether,  as  we  have  termed  it, 
thai  dust  whieh  gives  its  lovely  blue  tint  to  the  vault  of  the  sky. 
** There  exist  in  the  atmosphere,*'  Tyndall  says  in  closing,  "particles 
of  matter  that  elude  the  microscope  and  the  scales,  which  do  not  dis- 
turb its  clearness,  and  yet  are  present  in  it  in  so  immense  a  multitude 
that  the  Hebrew  hyperbole  of  the  number  of  grains  of  sand  on  the 
gea-fihore  becomes  comparatively  unmeaning.''  And  to  give  an  idea  of 
the  minuteness  of  these  particles,  Tyndall  adds  that  they  might  be 
condensed  till  they  would  all  go  into  a  lady's  travelling-bag.  Mani- 
festly these  particles  escape  any  kind  of  direct  measurement  and  ob- 
servation. Their  objective  reality  can  no  more  be  demonstrated  than 
that  of  the  particles  of  ether  can  be  made  evident.  Yet  there  are  cer- 
tain facts  which  aid  us  to  fonn  a  clear  conception  of  them.  Let  us  dis- 
solve a  gramme  of  resin  in  a  hundred  times  its  weight  of  alcohol,  then 
pour  the  clear  solution  into  a  large  flaek  full  of  pure  water,  and  shake 
it  briskly.  The  resin  is  precipitated  in  the  form  of  an  impalpable  and 
iarisible  powder,  which  does  not  perceptibly  cloud  the  fluid.  If,  now, 
we  place  a  black  surface  behind  the  flask,  and  let  the  light  strike  it 
either  from  above  or  in  front,  the  liquid  appears  sky-blue.  Yet,  if  this 
mixture  of  water  and  alcohol  filled  with  resinous  dust  is  examined 
with  the  strongest  microscope,  nothing  is  seen.  The  size  of  the  grains 
of  this  dust  is  much  less  than  the  ten-thousandth  part  of  ^  of  an  inch. 
More  a  makes  another  experiment,  proving  in  a  still  more  surprising 
way  the  extreme  divisibility  of  matter:  Sulphur  and  oxygen  forma 
dose  combination,  called  by  chemists  sulphuric-acid  gas.  It  is  that 
colorless  and  suffocating  vapor  thrown  off  when  a  sulphur-match  is 
bnmed.  Moren  confines  a  certain  quantity  of  this  gas  in  a  receiver, 
phieed  the  whole  in  a  dark  medium,  and  sends  a  bright  ray  of  light 
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thraugli  it.  At  first  aothiug  is  visible.  But  very  soon  in  the 
the  luminous  ray  we  perceive  a  delicate  blue  color.  It  is  be< 
gas  is  decomposed  by  the  luminous  waves,  and  the  invisible 
of  sulphur  set  free  decompose  the  light  in  turn.  The  blue  of  the  vap3f 
deepeuiii,  then  it  turns  whitish,  and  at  last  a  white  cloud  is  produi 
The  particles  composing  this  cloud  are  still  each  by  itself  invisil 
even  under  strong  microscopes,  and  yet  they  are  infinitely  more  coal 
than  the  primitive  atoms  that  occasioned  the  g^ky-blue  tint  at  first 
seen  in  the  receiver.  In  this  experiment  we  pass  in  steady  progretf 
from  the  free  atom  of  sulphur  parted  from  the  oxygen-atom  by  the 
ether-waves  to  a  mass  apparent  to  the  senses;  but^  if  this  mass  is  made 
up  of  free  molecules  which  defy  the  strongest  magnifiers,  what  tnnst 
be  the  particles  which  have  produced  those  very  molecules  1 

A  last  instance  of  another  kind  will  complete  the  proof  as  to 
minuteness  of  the  elements  of  matter.  When  a  clear  solution  of 
phate  of  aluminum  is  poured  into  an  equally  clear  solution  of  sulphi 
of  potassa,  the  mixture  at  once  grows  turbid,  and  after  a  few  seco] 
myriads  of  little  crystals,  sparkling  like  diamonds,  make  their  appei 
ance  in  the  liquid,  which  are  nothing  else  than  crystals  of  alnm. 
we  suppose  the  diameter  of  tiiese  crystals  to  be  -^j  of  an  inch,  it 
follow  from  this  experiment  that  in  the  lapse  of  a  few  seconds  ci 
had  the  power  of  producing  themselves  containing  tens  of  milli* 
oi  molecules,  each  composed  of  94  atoms,  grouped  in  admirable  hi 
mony.  Tlie  motions  of  these  chemical  atoms  take  place  under 
influence  of  the  same  forces  that  guide  the  motions  of  those  ei 
mous  agglomerations  of  atoms  called  stars.  The  revolution  of  Ofrf 
sun  around  another  takes  a  thousand  years,  while  these  atoios  ill 
course  of  combination  perform  hundreds  of  millions  of  such  wv( 
tions  in  the  millionth  part  of  a  second  1 

By  varied  and  delicate  calculations,  Tliomson  has  succeeded  fa 
establishing  the  fact  that,  in  liquids  and  transparent  or  traoali 
solids,  the  mean  distance  between  the  centres  of  two  contiguous  tt 
is  comprised  between  the  ten-millionth  and  the  twO'hundred*milUoi 
part  of  ^  of  an  inch.  It  is  not  easy  to  form  an  exact  conception 
dimensions  so  small,  of  which  nothing,  among  the  objects  that  %\ 
our  senses,  can  convey  any  idea.  Thomson  judges  that  th^ 
comparison  may  aid  us  to  appreciate  them :  If  we  imagine  ;l 
large  as  a  pea  magnified,  so  as  almost  to  equal  the  eartVs  Tolume, 
the  atoms  of  that  sphere  enlarged  in  the  same  proportion. 
then  have  a  diameter  greater  than  that  of  a  shot,  and  les- 
of  an  orange.  In  other  words^  an  atom  is  to  a  globe  the  else  of  a  MM 
what  an  apple  is  to  the  terrestrial  globe.  By  arguments  of  qoitiM 
other  kind^  drawn  in  part  from  the  study  of  chemical  moleculri^fl 
part  from  the  phenomena  of  capillarity,  Gaudin  has  aeoertained^  fjj^l 
dimension  of  the  smallest  particles  of  matter,  figures  very  nea^^H 
same  as  Thomson's.     The  maximum  distance  apart  of  the  ehendcit 
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itns  ia  molecules  is  the  ten-milliontli  part  of  ^  of  an  inch.  Gaudiii 
follows  Thomson  in  the  attempt  to  give  some  seusible  notion  of  the 
truly  amazing  minuteness  of  a  dimension  like  this.  He  calculates^ 
upon  this  estimate,  the  number  of  chemical  atoms  contained  in  about 
the  siie  of  a  pinVhead,  and  he  finds  that  the  number  retiuires  for  its 
expression  the  figure  8  followed  by  tweoty-one  ciphers.  So  that,  if  we 
attempted  to  count  the  number  of  metallic  atoms  contained  in  a  large 
pin's-head,  separating  each  second  ten  millions  of  them,  we  should 
need  to  continue  the  operation  for  more  than  250,000  years  I 

There  are,  then,  atoms  in  matter,  and  atomism  ie  a  fact,  whenever 
we  rest  in  the  affirmation  of  the  existence  of  atoms.  Bnt  these  are  not 
the  real  principles,  the  simple  and  irreducible  elements  of  the  world. 
After  decomposing  sensible  matter  into  atoms,  we  must  subject  the 
latter  to  an  analysis  of  the  same  kind.  Let  us,  then,  consider  any  two 
heterogeneous  atoms  whatever,  an  atom  of  iron  and  an  atom  of  hydro- 
gea,  for  instance,  and  examine  in  what  respect  they  can  really,  essen- 
tially, differ  from  eaeh  other.  What  is  it  which  at  bottom  truly  dis- 
tinguiahes  these  two  atoms,  as  atoms?  It  is  not  any  peculiarity  of 
form,  solidity,  fluidity,  hardness,  sonorousness,  brightness,  because 
these  properties  evidently  depend  on  the  mutual  arrangement  and  dis- 
iition  of  atoms,  that  is,  because  they  are  not  relative  to  the  individ- 
uality of  each  atom,  but  to  that  of  the  whole  which  they  form  by  being 
grouped  together.  Neither  is  it  any  caloric  property,  or  optic,  or 
electric,  or  magnetic  one,  because  these  properties  result  from  the 
iovements  of  the  ether,  within  the  more  or  less  complex  aggregate  of 
the  respective  atoms  of  these  two  substances.  Now,  if  these  atoms^ 
taken  separately,  differ  from  eacli  other  in  virtue  of  none  of  the  prop- 
erties just  enumerated,  they  can  only  be  dissimilar  as  regards  two 
attributes,  dimension  and  weight;  but  difference  in  weight  results 
frora  difference  in  dimension,  and  is  not  a  qualitative  difference,  but 
jumply  a  quantitative  one.  Consequently,  any  two  heterogeneous 
itoms  whatever,  compared  together,  as  atoms,  have  scarcely  any  of 
e  differential  attribntes  peculiar  to  the  groups  which  they  make  up 
ry  aggregation,  and  represent  no  more  than  two  distinct  functions, 
o  different  values  of  one  and  the  same  initial  matter,  of  one  and  the 
le  primitive  quality  or  energy.  This  simple  demonstration  estab- 
the  unity  of  substance,  not  as  a  more  or  less  plausible  physical 
ithesis,  but  as  a  metaphysical  certainty,  alike  underivable  and 
i«ary.  If  we  add  now,  reserving  tlie  demonstration  for  a  later 
od,  that  dimension,  corporeal  extension  itself,  as  Leibnitz  said  and 
Magy  has  lately  proved,  is  only  a  resultant  of  force,  it  will  become 

t  that  matter,  in  the  last  analysis,  is  reduced  to  force. 
Tyndall,  in  his  biography  of  Faraday,  tells  ns  that  one  of  the 
ivorite  experiments  of  this  physicist  gives  a  true  image  of  what  he 
"  He  loved  to  show  how  water,  in  crystallizing,  eliminates  all 
ragn  substances,  however  intimately  mingled  they  may  be  with  it* 
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Separated  from  all  these  impurities,  the  crystal  becomes  clear  id 
limpid,"  This  experiment  is  especially  the  true  image  of  what  Fin* 
day  was  as  a  metaphysician.  For  him  nothing  had  so  great  a  charm 
as  those  serene  transparent  regions,  in  which  science,  cleared  of  im- 
purities, appeared  to  his  great  mind  in  all  the  glory  of  ita  poirer 
splendor.  He  yielded  himself  to  it  urith  absolute  abandonmeBt, 
particularly  loved  to  dwell  upon  the  problem  which  is  now 
us  :  "  What  do  we  know  of  an  atom  apart  from  force  ?  "  he  exdiii 
"  You  conceive  a  nucleus  which  may  be  called  a,  and  you  surroufld  it 
with  forces  which  may  be  called  m  ;  to  my  mind  your  a  or  nacleos 
vanishes,  and  substance  consists  in  the  energy  of  iti.  In  fact,  what 
notion  can  we  form  of  a  nucleus  independent  of  its  energy  ?  *'  Ai  he 
holds,  matter  fills  all  space,  and  gravitation  is  nothing  else  than  doe 
of  the  essentially  constitutive  forces  of  matter,  perhaps  even  the  onlr 
one.  An  eminent  chemi&t,  Henry  Saint-Claire  Deville,  lately  d<  V  ^ 
thatj  when  bodies  deemed  to  be  simple  combine  with  one  anothti 
vanish,  they  are  individually  annihilated.  For  instance,  be  maintaioi 
that  in  sulphate  of  copper  there  is  neither  sulphur,  nor  oxygen,  nor  cop- 
per. Sulphur,  oxygen,  and  copper,  are  composed,  each  of  them,  by  a  di- 
tinct  system  of  deHuite  vibrations  of  one  energy,  one  single  Bubstaacfe 
The  compound,  sulphate  of  copper,  answers  to  a  difierent  system,  in 
which  the  motions  are  confounded  that  would  produce  the  reapectife 
individualities  of  its  elements,  sulphur,  oxygen,  and  copper.  More- 
over, Berthelot  long  ago  eipresscd  himself  in  exactly  the  same  in«»- 
ner.  As  long  ago  as  1864  that  mvant  said  that  the  atoms  of  simplt 
bodies  might  be  composed  of  one  and  the  same  matter,  diBtingnisbed 
only  by  the  nature  of  the  motions  set  up  in  it.  This  decisive  saying  t 
great  number  of  savanU  and  philosophers  in  France  and  abroad  have 
repeated  and  are  still  repeating,  with  good  reason,  as  the  expreflsidtt 
of  a  solid  truth. 

If  the  smallest  parts  which  we  can  imagine  and  distinguisb 
bodies  differ  from  each  other  only  by  the  nature  of  the  motions 
which  they  are  subjected,  if  motion  alone  rules  and  determines 
variety  of  different  attributes  which  characterises  these  atoms^  if  ia 
word  the  unity  of  matter  exists- — ^and  it  must  exist — what  is  this  fun- 
damental and  primary  matter  whence  all  the  rest  proceed  ?  B' 
shall  we  represent  it  to  our  miods  ?  Every  thing  leads  to  the  belii 
that  it  is  not  essentially  distinguished  from  the  ether,  and  consists  in 
atoms  of  ether  more  or  less  strongly  held  together.  It  is  objected  that 
the  ether  is  imponderable ;  but  that  is  an  unfounded  objection,  Doubt^ 
less  it  cannot  be  weighed  ;  to  do  that  we  must  compare  a  apace  fillfd 
w^ith  ether  to  a  space  empty  of  ether;  and  we  are  evidently  unable  U», 
isolate  this  subilc  agent,  whose  particles  counterpoise  each  other  witk: 
perfect  eqnilibrium  throughout  the  universe.  Yet  many  facts  tttcm 
its  prodigious  elasticity.  A  flash  of  lightning  is  nothing  more  thanC 
disturbance  of  equilibrium  in  the  ether,  yet  no  one  will  deny  thit 


un- 


I       CO 

m 


TITF  CONSTITUTION  OF  MATTER.  553 

ghtning  perforniB  an  immense  work.     However  this  may  be,  it  is 
possible  to  think  of  tlie  energies  that  make  up  the  atom  otherwise 
;han  as  of  pure  force,  and  the  ether  itself,  whose  eristence  is  demon- 
rated  by  the  whole  of  physica,  can  be  no  otherwise  defined  than  by 
.e  attribates  of  force.     It  follows  from  this  that  atoms,  the  last  con- 
m  of  chemistry,  and  ether,  the  last  conclusion  of  physics,  are  sub- 
ially  alike,  althougb  they  form  two  distinct  degrees,  two  uneq«al 
Taloes,  of  the   same  original  activity.     All  those  physico-chemical 
energies,  as  well  as  the  analogous  energies  of  life,  only  show  themBelves 
to  tis,  save  io  rare  exceptions,  clothed  with  that  uniform  we  call  mat- 
ter,    A  single  one  of  these  energies  shows  forth,  stripped  of  this  dress, 
.nd  bare.     It  rules  all  the  others,  because  it  knows  thenx  all  without 
eir  knowing  it.     It  is  not  power  merely,  but  consciousness  besides. 
It  is  the  BOuL     How  define  it  otherwise  tban  as  force  in  its  purest  es- 
oce,  since  we  look  upon  it,  as  on  the  marble  of  the  antique,  in  splen- 
d  nakedness,  which  is  radiant  beauty  too  ? 
Whether  we  consider  coarser  matter  which  can  be  weighed  and 
felt,  or  that  more  subtle,  lively,  and  active  matter  we  call  ether,  or 
igain  the  spiritual  principle,  which  is  energy  simple,  we  have  then  al- 
ays  before  us  only  harmonious  collections  of  forces,  symmetiical 
tivities,  ordered  powers,  more  or  less  conscious  of  the  part  they  play 
in  the  infinite  concert  for  which  the  Creator  has  com  posed  the  glorious 
osic.     Let  us  set  aside  for  a  moment  the  variety  of  groupings  which 
etermine  the  succession  and  the  manifold  aspects  of  these  forces,  and 
ere  will  remain,  as  constituent  principles  of  the  web  of  the  tmi verse, 
irreducible  and  primordial  ingredients  of  the  world,  nothing  but 
dynamic  points,  nothing  but  monads. 

The  term  of  the  rigorous  analysis  of  phenomena  is,  definitively,  the 
conception  of  an  infinity  of  centres  of  similar  and  unex tended  forces, 
energies  without  forms,  simple  and  eternal  We  ask  what  these 
rcea  are,  and  we  assert  in  answer  that  it  is  impossible  to  distinguish 
them  from  motion.  Force  may  be  conceived,  but  not  shaped  to  the 
fancy.  The  clearest  and  truest  thing  we  can  say  of  it  is,  that  it  is  an 
energy  analogous  to  that  whose  constant  and  undeniable  presence  wo 
1  dwelling  in  our  deepest  selves.  "  The  only  force  of  which  we 
ve  consciousness,*'  says  Henry  Sainte-Claire  Deville,  "is  will."  Our 
soul,  which  gives  ns  consciousness  of  force,  is  also  the  type  of  it,  in 
this  sense  that,  if  we  wfsh  to  pierce  to  the  elementary  mechanisms  of 
"  e  world,  we  are  imporionsly  driven  to  compare  its  primal  activities 
ith  the  only  activity  of  which  we  have  direct  knowledge  and  intuition, 
that  is  to  say,  with  that  admirable  spring  of  will,  so  prompt  and  sure, 
which  permits  us  every  moment  to  create  and  also  to  guide  motion* 

Motion  may  serve  to  measure  force,  but  not  to  explain  iL     It  is  as 
iubordinate  to  the  latter  as  speech  is  to  thought.     In  truth,  motion  is 
nothing  else  than  the  series  of  successive  positions  of  a  body  in  dif- 
nt  points  of  space.    Force,  on  tlie  other  hand,  is  the  tendency,  the 
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tension,  which  determines  the  body  to  pass  continually  from  one 
the  other  of  these  points;  that  is  to  gay,  the  power  by  which 
body,  considered  at  any  instant  in  its  cour«e,  differs  from  the  idem 
body  at  rest.     Evidently  this  something  which  is  in  one  of  the^  iWo 
bodice  and  is  not  in  the  other,  this  something  that  mathematiciaxM 
call  the  quantity  of  motion,  which  is  transformed,  on  a  sudden  stop- 
page of  motion,  into  a  certain  quantity  of  heat,  this  Bomething  is  a 
reality,  distinct  from  the  trajectory  itself;  and  yet  nothing,  absolutely 
nothing,  outside  of  the  inner  revelation  of  our  soul,  gives  us  the  means 
of  understanding  what  this  initial  cause  of  the  motive  forces  may  he* 
The  distinguished  founder  of  the  mechanical  theory  of  heat,  Robert 
Mayer,  defines  force  to  be  "  whatever  may  be  converted  into  motion."' 
There  is  no  formula  that  so  well  expresses  the  fact  of  the  indepeadcnct 
and  predndiience  of  force^  nor  so  completely  includes  the  assertion  of 
the  essential  reality  of  a  cause  preexisting  motion.     The  idea  of  force 
is  one  of  those  elementary  forms  of  thought  from  which  we  canoot 
escape,  because  it  is  the  necessary  conclusion,  the  fixed  and  undesti 
able  residue  from  the  analysis  of  the  world  in  the  alembic  of 
minds.     The  soul  does  not  find  it  out  by  discursive  reasoning, 
prove  it  to  itself  by  way  of  theorem  or  experiment;  it  knows  it, 
clings  to  it  by  natural  and  imconquerable  atfinity.     We  must  say 
force  what  Pascal  said  of  certain  fundamental  notions  of  the  same 
order;   "Urging   investigation   further  and   further,  we   neces*irily 
arrive  at  prirailive  words  which  cannot  be  defined,  or  at  principle  to 
clear  that  we  can  find  no  others  which  are  clearer."     When  we  Ij^t* 
reached  these  principles,  nothing  remains  but  to  study  one^s  self  vitb 
profoundest  meditation,  not  striving  to  give  an  image  to  those  tbing* 
whose  essence  is  that  they  cannot  be  imagined.     From  the  most  gea- 
eral  and  abstract  point  of  view,  then,  matter  is  at  once  form  and  forc«^ 
that  is,  there  is  no  essential  difference  between  thest;  two  mode* 
substance.     Form  is  simply  force  eircurascribed,  condensed.     Force i 
simply  form  indefinite,  diffused.    Such  is  the  net  result  of  the  metb 
ical  im|uiries  of  modem  science,  and  one  which  forces  itself  on 
minds,  apart  from  any  systematic  premeditation.    It  is  of  consequci 
to  add  tliiit  the  merit  of  having  formulated  it  very  clearly  and  nol 
its  importance  belongs  to  French  contemporary  philosophers,  partieib 
larly  to  Charles  Lcv^ue  and  Paul  Janet. 


II. 

If  the  web  of  things,  the  essence  of  matter,  is  one  single  substajicei 
who  was  the  Orpheus  under  whose  spell  these  materials  gather 
ranged,  and  diversified   t  bom  selves  into  natures  of  so  many  kindil 
And,  firet  of  all,  how  can  the  extension  of  bodies  proceed  from 
assembling  of  unextended  principles  ?    The  answer  to  this  first  qnei 
lion  does  not  seem  ditlicult  to  us.     Extension  exists  prior  to  iuatt« 
They  are  two  distinct  things,  without  any  relation  of  causality  " 
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Bnaiity.  Matter  no  more  proceeds  from  eKtension  than  extension  pro- 
.  ceeds  from  matter.  This  simple  remark  suffices  to  settle  the  difficulty 
rf  eonceiviug  how  the  dimension  of  objects  results  from  a  group  of 
Fdynamie  points  which  have  no  dimension.  Extension  existing  before 
[ every  thing  else,  it  is  quite  clear  thatj  when  certain  primal  energies 
feome  into  union  to  give  rise,  through  a  thousand  successive  complica- 
Itionfl^  to  phenomena  and  to  bodies,  what  they  really  produce  is  not  the 
rmppeATftnce  of  extension,  which  is  the  mere  shadow  of  reality,  but  it  is 
that  collection  of  various  and  diverse  activities  which  enable  us  to 
J  describe  and  define  phenomena  and  bodies. 

It  ia  no  longer  a  subject  of  doubt,  in  the  minds  of  savanU  who  have 

fgot  beyond  experimentation,  that  extension  is  an  image  and  a  show 

'rather  than  an  essential  constituent  property  of  botlies*   The  exteosion 

of  bodies  is  a  phenomenon  which  takes  its  rise  in  the  collision  of  force 

with  otir  minds,     Charles  de  R^mnsat,  so  long  ago  as  1842,  gave  an 

original  and  remarkable  demonstration  of  this.     He  main  tarns  that 

force  is  the  cause  of  extension,  meaning  by  that  that  the  sensation  of 

extension  is  a  modification  of  our  sensibility,  occasioned   by  forces 

analogous  to  those  which  produce  sensations  of  a  more  complex  kind, 

ben  you  experience  an  electric  shock,  yon  are  struck.    Percussion  is 

the  sensation  of  contact,  in  other  words,  of  impuUion   by  something 

[that  has  extension.    Now,  in  this  instance,  Remusat  says,  the  cause  of 

Brcussion,  electricity,  has  no  extension.     Therefore,  he  adds,  either 

C'tricity  is  nothing,  or  else  it  is  a  force  which  affile ts  us  in  a  way  that 

rmay  be  compared  to  the  effect  of  extension.     So  that  a  force,  wanting 

he  usual  appearances  of  extension,  may  produce  the  same  effi^cts  on 

that  a  solid  body  in  motion  does.     Within  a  few  years  a  pmfound 

Btaphysician,  Magy,  has  pointed  out  by  new  arguments  that  cor- 

t>real  extension  is  merely  a  show  which  springs  from  the  internal 

Ction  of  the  soul  against  the  impression  made  on  the  sensorium,  and 

rhich  the  soul  translates  to  outward  bodies,  by  a  law  analogous  to 

bat  which  makes  it  localize  in  the  separate  organs  of  sense  the  im- 

asloD  which  it  has  nevertheless  perceived  oaly  in  the  brain.     Each 

Bnaation  of  taste,  smell,  light,  or  sound,  is  a  phenomenon  of  psycbt> 

Ogical  reaction  which  occurs  in  the  soul  when  it  is  teased  with  a  cer- 

decree  of  energy  by  neiTC-action,  which  in  its  turn  depends  on  an 

tward  action;  but  there  is  no  relation  of  resemblance  between  the 

jlttor  and  the  sensation  it  provokes.     The  ether,  which,  by  its  vibra- 

18  in  unison  with  the  elements  of  our  retina,  produces  sensations  of 

bt  in  u«,  has  in  itself  no  luminosity.     The  proof  of  this  is  that  two 

of  light  meeting  under  certain  conditions  may  annul  each  other, 

produce  darkness.    Now,  Magy  maintains  that  the  subjectivity  of 

ensiOD  IB  of  the  same  order  with  that  of  light*     Kxtension  in  gen- 

ti0  explained  by  purely  dynamic  reasons,  as  readily  as  that  par* 

ir  extension  is  which  serves  as  a  kind  of  support  for  luminous 

nomcua,  which  evidently  result  from  vibratious  of  the  unextended 
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priBcipIes.  Helmholtc,  in  his  latest  writings,  fnJIj  adopts  tbk  <Ioo|^| 
of  corporeal  extensioD.  ^" 

We  thus  see  that   there  is  no  dtfficnlty  in  reconeiliDg  e^tenmt 
with  nnextended  forces,  and  the  phenomena  of  extension  with  p^l 
ciples  of  action ;  but  this  is  only  the  first  part  of  the  problem,  anflP 
becomes  necessary  now  to  ascend  Irom  these  unextended  forces  and 
active  principles  to  those  more  or  less  complex  manifestatiouB  which 
make  up  the  infinite   universe,  adorning  space  with    imperi&habk 
rariety.     Let  us  imagine  this  universe  filled  with  the  greatest  conceiv- 
able nnmber  of  active  principles,  all  identical,  diffused  unifonnlj 
throughout  immensity,  and  consequently  in  a  state  of  perfect  eqm* 
Hhrium.     All  will  be  torpid  in  abgolute  repose,  in  which  form  wtthoat 
shape  and   force  without  spring  will  be  as  though  they  were  not 
Between  a  homogeneous,  motionless  substance,  identical  with  it»elf 
throughout  space  at  all  points,  and  nihility,  reason  perceives  no  dif- 
ference.   In  such  a  system,  nothing  has  weight,  for  there  is  no  attract- 
ing centre ;  heat  is  no  more  possible  for  it  than  light,  since  these  two 
forms  of  energy  are  bound  up  with  the  existence  of  systems  of  uneqosl 
vibrations^  of  diversified  media,  and  varying  molecular  arrangementa 
A  f&rtioriy  the  phenomena  of  life  will  be  incompatible  with  this  am- 
yersal  unity  of  snbstance,  this  unchanging  identity  of  force. 

The  objective  existence  of  things,  the  coming  into  reality  of  pW 
nomena,  can  only  be  conceived,  therefore,  as  the  work  of  a  certain 
number  of  differentiations  taking  place  in  the  deep  of  that  unitcjal 
energy  of  primal  matter,  which  is  the  last  result  of  our  analysis  of  tki 
world.     Motion,  of  itself  alone,  is  enough  to  expljun  a  first  attribnifi 
of  that  energy,  namely,  resistance,  and  its  consequence,  impenetiaM* 
ity ;  but  thi^  is  only  on  the  condition  that  this  motion  shall  take  pbet 
in  various  directions.     Two  forces  urged  in  opposite  directionf,  aaJ 
coming  to  a  meeting,  manifestly  resist  each  other.     It  is  probably  bj 
collisions  of  this  sort  that  those  variable  condensations  of  matter,  sdi 
those  heterogeneous  groupings  of  which  the  world  presents  the  ^f^^ 
tacle,  have  been  determined,    A  rotary  movement,  communieated'H 
a  mass  without  weight,  can  only  engender  concentric  spheres,  wftJH 
gravitate  toward  each  other  in  conseqnence  of  pressure  by  the  iDt(^| 
posing  ether.     The  famous  experiments  of  Plateau  are  decisive  in  l|H 
respect.     Thai  accomplished  physicist  introduces  oil  into  a  aiial^H 
of  water  and  alcohol,  having  exactly  equal  density  with  the.  oil  iti^| 
He  inserts  a  metallic  strip  into  the  midst  of  this  mass  of  oil,  whicb  H 
free  from  the  action  of  any  force,  and  turns  it  about.     The  oil  til^f 
the  form  of  a  sphere,  and,  as  soon  as  the  rotation  grows  very  nf^H 
breaks  up,  and  parts  into  a  nnmber  of  smaller  spheres.     The  o<4w^| 
spheres  were  probably  formed  in  the  same  way,  and  an  exactly  fiin^H 
mechanical  action  produces  those  clear  dew-drops,  glittering  like  ^^M 
monds,  on  the  leaves  of  plants.  ^M 

All  physical  phenomenal  whatever  their  nature,  are  at  bottom  ^^^M 
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lifeHtationB  of  one  and  the  game  primordkt  agent.  We  can  no 
longer  quedtion  this  general  conclusion  of  all  modern  discoveries, 
S^narmont  explicitly  says,  though  it  is,  as  yet,  impossible  to  formu- 
late with  precision  its  laws  and  its  particular  condilious.  If  this  be 
true,  and  we  hope  we  have  proved  it  to  be  so,  it  is  plain  that  those 
ooDditional  particularities  of  which  S^narmojit  speaks,  that  is  to  say, 
those  diversitied  manifestationg  of  the  sole  agent  to  wluch  he  alludefi^ 
can  depend  only  on  differences  in  the  motions  which  impel  it.  Now, 
the  very  existence  of  these  differences  necessarily  implies  a  co5rdi- 
nating  and  regulating  intelligence  j  but  how  much  more  extreme  is 
the  necessity  for  sacb  a  cause  in  chemical  phenomeua,  which  display 
•nch  endless  complications  issuing  from  that  pnmal  energy  to  which 
every  thing  in  the  last  analysis  is  reduced  I  We  have  seen  that  the 
variety  of  those  stable  and  homogeneous  energies  known  under  the 
name  of  simple  bodies,  the  number  of  which  is  now  increased  to  sixty, 
depends  on  the  variety  of  the  vibrations  that  each  one  of  these  little 
worlds  performs.  This  is  the  earliest  intervention  of  a  principle  of  dif- 
ference. This  principle  does  not  merely  determine  the  multiplication 
of  simple  bodies ;  it  also  acts  in  any  one  element  with  such  intensity 
that  tie  same  element  can  acquire  very  unlike  properties  and  attri- 
batea.  What  things  are  more  heterogeueous  than  the  diamond  and 
charcoal,  or  than  common  phosphorus  and  amorphous  phosphorus? 
Yet  charcoal  and  diamond  are  chemically  identical,  just  as  the  two 
sorta  of  phosphorus  are.  These  cases  of  isomery,  which  are  quite 
numerous,  attest  with  the  strongest  evidence  the  excessive  variability 
of  which  combinations  of  force  are  capable.  When  we  see  the  same 
lementd,  combined  in  the  same  weight-proportions,  produce  sometimes 
substances,  sometimes  terrible  poisons,  in  one  case  evolve 
less  or  dingy  prodncts,  in  another  brilliant  hues,  we  become  con- 
tgie4.'d  that  primal  matter  is  of  little  consequence  in  comparison  with 
weaver  who  arranges  its  threads,  and  knows  beforehand  what  the 
j<?t  of  the  web  will  be.  Besides,  it  is  not  alone  in  the  whole  that 
formative  principle  is  displayed ;  it  shows  forth  also  in  the  de- 
ls, considered  individually,  since  every  one  of  them  exhibits  ten- 
fociea,  elective  affinities,  that  bear  witness  to  some  obscure  instinct 
iwftrd  harmonious  completion. 
There  is  not  only  a  prodigious  variety  in  the  disposition  of  the 
tDS  which  make  up  molecules,  and  in  the  arrangement  of  the  mole- 
is  among  themselves,  but  this  arrangement  is  governed,  besides, 
admirable  geometric  laws.  The  atoms  that  make  up  molecules  are 
^ped  and  flung  together  at  random  and  in  disorder;  they  enter 
eompositioD  only  in  fixed  proportions  and  in  tixed  directions, 
-Anloine  Gaudin  has  proved,  in  a  late  treatise  devoted  entirely 
tbeae  refined  inquiries,  the  existence  of  some  of  the  most  important 
in  the  geometry  of  atoms.  This  ingenious  and  persevering  writer 
»nstrates  that  all  chemical  molecules,  whether  they  are  fitted  to 
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prodace  crystald  or  not,  are  formed  by  a  symmetrical  aggregattoiiH 
atoms.  The  latter  are  aminged  in  equilibrium  in  two  di recti oos,  pH 
pendicular  to  each  other,  one  parallel  to  the  axis  of  grouping,  and  |H 
other  at  ngbt  angles  to  that  axis,  so  as  always  to  compose  a  symmeM 
cal  figure.  The  most  complicated  bodies,  so  soon  as  they  are  broi^^| 
under  the  law  of  definite  proportions,  and  compose  chemical  spec^l 
are  made  up  of  molecules  in  which  the  atoms  are  grouped  in  prismB, 
in  pyramidfcs,  in  a  word,  in  polyhedra  more  or  less  many-«ided,  bjfc 
always  of  perfect  regularity ;  so  that,  in  this  case,  the  difTerentiatjH 
is  regulated  with  marvellous  harmony* 

We  must  now  rise  another  degree,  and  pass  from  inorganic  matter 
to  living  matter.     What  is  it  that  distingnisbes  the  latter  from  tlw 
former?     When  we  make  the  answer  depeod  on  the  results  of  direct 
experiment,  nothing  is  easier  than  to  establish  the  differential  chsra*^ 
teristicB  of  living  matter.     In  the  first  place,  it  is  organised,  that  i«, 
the  anatomical  elements,  instead  of  being  homogeneous  and  symmetri- 
cal in  all  points  of  their  mass,  are  composed  by  the  associatiofi  of  s 
certain  number  of  different  substances,  in  which  carbon  predominatei, 
and  which  are  termed  immediate  organic  principles.     Then  these  ele- 
ments grow.     At  no  time  the  same  throughout,  as  to  the  sunstanoe 
which  makes  them   up,  they  are  in  a  state  of  unceasing  mo!^ 
renewal,  of  constant   metamorfihosis,  of  simultaneous   and  c^j 
OUB  assimilation  and   disaseimilation.      Besides,  the  various  p^opfl^ 
ties  these  elements  may  exhibit,  contractility,  neurUity,  and  ko  on, 
are,  in  consequence  of  the  growing  state  that  characterizes  ihem,  in 
80  unstable  a  condition  of  equilibrium  that  the  eligbtest  variation  in 
the  surrounding  medium  is  enough  to  occasion  some  change  in  the  ei* 
pression  of  their  activity  ;  in  other  words,  they  have  excessive  oiciu* 
bility  and   irritability.      Such,  at  least,  is  the   region  within  which 
physiology  is  limited  ;  but  the  fact  which  it  does  not  clearly  enough 
bring  out,  yet  the  thing  which  is  the  distinctive  mark  of  life,  in  tbi 
harmonious  seeking  for  each  other  of  all  these  vital  monads,  the  dis- 
position of  biological  energies  to  compose  groups  of  which  the  ^ 
and  the  reason  are  found  iu  what  we  call  the  individual.     The 
entiations  of  inorganic  matter  occur  in  molecules  that  are  spccii--, 
whatever  bulk  they  are  regarded*     The  differentiations  of  living  m\ 
ter  take  place  only  in  individuals  whose  build  and  proportions 
strictly  determined.     An  iron  bar,  an  iron  crystal,  and  iron-dust, 
all  still  iron.     An  organic  substance  fitted  for  life  is  nothing,  when- 
ever deprived  of  connection  with  an  organism.     It  can  display 
can  act ;  in  a  word,  can  be,  so  far  as  to  be  a  living  substance, 
virtue  of  taking  place  and  rank  in  a  certain  whole,  and  assuming 
tain  dependencies  and  connections  with  other  more  or  lees 
substances.     By  itself  it  is  not  distinguished  in  essence 
matter.     It  is  raised  to  the  rank  and  clothed  with  the  digmty 
only  from  the  time  of  its  reception  into  that  gathering  of  wl 
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steps  all  move  toward  the  esime  end,  which  is,  the  functional  actioti  of 
the  organism,  and  the  perpetuation  of  the  species. 

What  takes  place  in  the  ovule  is  a  miniature  image  of  what  take§ 
place  in  the  universe.  The  differentiations  occurnng  in  that  mucous 
drop  are  a  copy  of  the  differentiations  unfolding  and  expanding  in  the 
ocean  of  the  world.  It  is  at  first  a  microscopic  mass,  homogeneous, 
uniform  in  all  its  parts,  a  collection  of  energies  identical  with  each 
other,  and  the  group  of  which  does  not  differ  perceptihly  from  a  drop 
of  gelatine,  hanging,  hardly  seen,  from  a  needle's  point.  Yet  soon  a 
dull  motion  spontaneously  stirs  these  nearly  inert  atoms,  and  this  mo- 
tion is  expressed  by  a  iirst  condensation  of  the  ovular  or  vitelline  suh- 
stance,  which  is  the  germinating  vesicle.  This  passes  off,  but  at  the 
tame  time  other  vibrations  arrange  the  molecules  of  this  shapeless, 
transparent  microcosm^  in  the  order  of  more  complicated  groups.  The 
vitelline  substance  swells  toward  the  surface,  where  it  forms  the  polar 
globules,  while  at  the  centre  it  thickeoe  to  produce  the  vitelline  nu- 
eleus.  This  in  turn  cleaves  and  breaks  into  a  great  number  of  sec- 
ondary nuclei,  around  each  of  which  the  ovular  mass  distributes  itself 
while  contracting.  Instead  of  a  single  cell,  the  ovule,  wliich  has  en- 
larged, is  now  found  to  contain  a  great  number.  These  cells,  called 
blastodermic,  then  tend  to  arrange  themselves  in  two  layers,  two  leaf- 
lets placed  back  to  back,  within  which  the  elements  of  the  embryo  ap- 
pear, %nA  little  by  little  develop,  pursuing  a  continuous  growth,  in 
which  forces  becoming  forms  go  on  incessantly  producing  and  multi- 
plying new  forces  and  new  forms, 

tNow,  these  separations  and  distributions,  these  orderings  and  clas- 
sify in  gs,  these  harmonies  that  are  set  up  in  the  ovule  to  compose  by 
slow  degrees  the  structure  of  the  embryo,  reveal  a  principle  of  differ- 
•olJation  analogous  to  that  which  has  caused  the  infinite  variety  of 
things  we  see  come  forth  from  the  confused  masti  of  cosmic  energies. 
There  is,  as  many  biologists  had  felt  assured,  and  as  Coste  has  had 
the  glory  of  clearly  demonstrating  in  a  work  wliich  is  one  of  the 
Boblest  scientific  monuments  of  this  age,  there  is  a  force  which  gives 
teidity,  direction,  life,  to  the  forms  of  organized  matter  in  the  e^^. 
All  eggs  are  alike  at  first.     There  is  a  complete  similitude  in  struct- 
ure and  substance  between  those  which  will  produce  a  lion  and  those 
iieh  will  produce  a  mouse.     The  forms  are  identical,  though  the 
of  those  forms  is  different.     It  is,  as  Coste  very  well  says,  that 
beoeath  that  form,  and  beyond  what  the  eye  view^s,  there  is  some- 
thing which  sight  cannot  reach,  something  which  contains  in  itself 
aofiSeient  reason  for  all  those  differences  now  concealed  under 
lity  o^  configuration,  and  to  become  visible  only  later."     This  guid- 
lea,  which  Coste  has  brought  forward,  and  which  is  admitted  by 
ysiologistft  at  this  day,  is  as  far  from  issuing  out  of  the  element- 
forces  of  nutrition  as  the  painter's  picture  is  from  being  the  creat- 
Tet  nothing  in  the  ovule  reveals  its  hidden 
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potent  virtuality.    Claude  Bernard,  who  has  repeated  Coate'a  ideas  on 
this  subject,  dwells  stroDgly  od  the  guidbg  force  which  is  in  the  €gg, 
aod  those  sav<mta  who  agree  with  Robin  in  denying  this  foroe^  so  hx 
aa  it  acts  on  the  totality  of  elements  in  the  embryo,  regard  it  at  kail 
as  shared,  distributed,  and  acting  in  each  of  these  elements  separatdy, 
which,  at  bottom,  is  tlie  same  thing.     We  see,  in  any  case,  that  there 
ia  in  the  inmost  depth,  and  there  dates  from  the  most  mdimeotaij 
sketch  of  the  organized  being,  the  fijced  and  formed  idea  of  ibott 
differences  in  choice    and  tho&e  sympathies  in  work  whose  sysUsm 
shall  build  up  the  iudividuaL     The  differential  coefficient  of  organised 
matter  is  thus  tif  a  far  higher  order  than  that  of  mineral  matter.    It  i* 
this  which  is  a  distinct  and  peculiar  result  from  the  impotence  ift^h 
experimental  science  betrays  more  plainly  every  day,  when  attempt- 
ing to  convert  physico-chemical  activities  into  energies  of  the  vital 
order.     Even  could  this  conversion  really  be  effected,  and  it  is  ml 
metaphysically  impossible  that  it  might  be,  the  existence  of  a  spirititil 
principle  of  differenliatiou  would  be  in  no  wise  put  in  doubt*    nilherto» 
at  least,  such  a  conversion  seems  beyond  the  reach  of  man. 

Something  that  yet  more  completely  baffles  his  research,  white 
commanding  too  his  highest  admiration,  is  the  supreme  degree  of  com- 
plexity together  with  refinement  of  that  energy  which  is  the  iOoL 
Human  thought  is  the  sum  of  all  the  forces  of  Nature,  because  it !»' 
similatCB  them  all,  while  distinguishing  between  them,  by  the  work 
that  it  performs  upon  sensations.  Seiisations  are  to  thought  what  food 
is  to  growth-  Growth  is  not  a  result  of  feeding  ;  thought  is  not  i  r^ 
salt  of  sensations.  Nutrition,  in  shaping  the  living  organs,  detemnstf 
the  differentiation  of  the  concrete  forms  in  the  iudividuars  sahsttteft; 
thought,  in  shaping  general  ideas^  determines  the  differentiatioDoftb9 
abstract  forces  in  the  world.  Tlius  thinking  energy  is  as  ma^h  sap^ 
rior  to  sensations  as  nutritiv  e  energy  is  to  aliments.  In  another  inkf 
of  thought,  we  might  compare  the  soul  to  a  paper  coyered  with  wiitiif 
in  synipatheiic  ink.  At  ordinary  temperatures,  the  lettera  are  aii6N% 
but  they  appear  in  fine  color  whenever  brought  near  the  fire.  So  iht 
soul  has  within  itself  dim  marks  and  confused  sliapes  which  eenialioA 
tints  and  brightens.  We  have  seen  that,  in  the  mucous  drop,  a  two 
hundred  and  fiftieth  part  of  an  inch  through^  called  the  ovaU«  ^ 
forces  and  tendencies  of  the  whole  nutritive  and  intellectual  life  i»f  flMJ 
lie  prisoned  and  asleep.  So,  too,  in  that  force  without  form  or  ext«o* 
sion,  u  hich  is  the  soul,  there  dwells  a  miniature  picture  of  the  vboit 
universe,  and,  by  some  mystic  grace  of  God,  a  dLream,  aa  it  went,  rf 
that  God  himsell  Thought  consists  in  becoming  acquainted  iriill  id 
the  details  of  that  picture  in  little,  and  unfolding  its  meamng.  ThJ^ 
that  which  makes  the  whole  reality  of  material  things  is  form,  Mat 
form,  such  as  it  is  shown  to  us  in  the  world,  is  at  once  a  prinoipl*  ^ 
differentiation  and  a  principle  of  agreement ;  in  other  worda,  it  i»  *• 
work  of  an  iutelligeuce.    Body  and  motion  are  mere  pboaomtDa*  *&% 
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tfiret  IB  only  an  image  of  substance,  the  last  an  image  of  action ;  but 
sabsUince  :ind  action  both  are  only  effects  of  intelligent  forCGj  that  b, 
of  activity  operating  in  view  of  a  result.  That  activity,  however,  pre- 
r  eentB  infinitely  varied  degrees  of  condensation,  and  we  may  say,  with 
[Haudsley:  "One  equivalent  of  chemical  force  corresponds  to  several 
lequivalents  of  lower  force ;  and  one  equivalent  of  vital  force  to  several 
I  equivalents  of  chemical  force.^'  It  is  thus  that  modem  science  untiei 
[the  gordiAQ  knot  of  the  composition  of  matter. 

HL 

A  first  exclusively  analytical  view  of  the  world  has  led  09  to  a  first 
andeniable  certainty,  the  existence  of  a  principle  of  energy  and  motion. 
A  second  view  of  the  universe,  exclusively  synthetic,  leads  us,  as  we 
have  seen,  to  another  certainty,  which  is  the  existence  of  a  principle 
of  differentiation  and  harmony,  Tliis  principle  is  what  is  called  spirit. 
Thus  spirit  is  not  substance,  but  it  is  the  law  of  substance  j  it  is  not 
\  force,  but  it  is  the  revealer  of  force.     It  is  not  life,  but  it  makes  life 

I  exist.  It  is  not  thought,  but  it  is  the  consciousness  of  thought,  A 
[4i8tiiigiiished  English  savant^  Carpenter^  has  said  lately,  with  de- 
[  eislve  clearness,  "  Spirit  is  the  solo  and  single  source  of  power."    In 

I I  word,  it  is  not  reality,  yet  in  it  and  by  it  realities  are  defined  and 
I  differentiated^  and  consequently  exist.  Instead  of  saying  that  spirit  is 
'  a  property  of  matter,  we  should  say  that  matter  is  a  property  of  spirit. 

Of  all  the  properties  of  matter,  in  fact,  there  is  not  one,  no,  not  a 
angle  one,  which  is  not  bestowed  on  it  by  spirit.  The  true  explana- 
,  the  only  philosophy  of  Nature,  is  thus  a  kind  of  spiritualistic 
a,  very  different  from  materialism,  or  from  the  mechanism  of 
^certain  contemporary  schools. 

Materialism  is  false  and  imperfect,  because  it  stops  short  at  atoms, 
ia  which  it  localized  those  properties  for  which  atoms  supply  no  cause, 
ftod  because  it  neglects  force  and  spirit,  which  are  the  only  means 
w©  hftve,  constituted  as  our  souls  are,  of  conceiving  the  activity  and 
the  appearings  of  beings^  It  is  false  and  imperfect,  because  it  stops 
ilf-way,  and  treats  compound  and  resolvable  factors  as  simple  and 
luoible  ones ;  and  because  it  professes  to  represent  the  world  by 
jwa,  without  attempting  to  explain  the  production  of  those  shows. 
word,  it  sees  the  cause  of  diversity  where  it  is  not,  and  fails  to 
it  where  it  does  exist.  The  source  of  differentiations  cannot  be  in 
tttelf ;  it  must  be  in  a  principle  apart  from  that  energy,  in  a 
iar  wUJ  and  consciousness,  of  which  we  have  doubtless  only  a  dim 
I  fculty  idea,  but  as  to  which  we  can  yet  affirm  that  they  have  some 
with  the  inner  light  which  fills  us,  and  which  we  shed  forth 
OS,  and  which  teaches  us,  by  its  mysterious  contact  with  the 
'  world,  the  infinite  onler  of  the  universe. 

be    danger  from   materialism    is  not,  as   we  usually  incline  to 
ftk,  oorruption  of  morals  by  degradation  of  the  souL    Too  much 
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use,  for  censTu-e^a  sake,  has  been  made^  against  this  Bystenif  of  the 
fieeming  ease  with    which  its  professors    hare  convinced  themselTes 
that  they  cut  up  by  the  roots  the  very  principles  of  morality  and  duty, 
History  proves,  by  examples  too  infamous,  that  barbarism  and  liceose 
are  the  privilege  of  no  philosophic  sect*     The  real  enemies  of  society 
always  have  been,  and  always  will  be,  the  ignorant  and  the  fanatical, 
and  it  must  be  frankly  owned  that,  if  these  exist  witbin  the  pale  of 
materialism,  there  are  quite  enough  of  them  outside.     The  danger  in 
the  doctrine  which  reverses  the  natural  relation  of  things,  and  asserts 
that  spirit  is  a  product  of  matter,  when  in  truth  matter  is  a  product 
of  spirit,  this  danger  is  of  another  kind ;  materialism  is  fatal  to  the 
development  of  the  experimental  sciences  themselves.    If^  in  suoh  a 
case,  the  example  of  men  of  genius  might  be  appealed  to,  how  elo- 
quent would  be  the  testimony  of  the  two  greatest  physicists  of  thii 
age,  Ampi^re  and  Faraday,  both  so  earnestly  convinced,  bo  religiously 
possessed  by  the  reality  of  the  unseen  world  I     But  there  are  other 
arguments.     *'  All  that  we  see  of  the  world,**  says  Pascal,  "  is  but  ao 
imperceptible  scratch  in  the  vast  range  of  Kature."    The  claim  of 
mere  expcrimentalism  is  that  it  may  sentence  men  to  the  fixed  and 
stubborn  contemplation  of  this  scratch.    What  folly  t    All  the  history 
of  the  development  of  the  sciences  proves  that  important  discoveriei 
all  proceed  from  a  different  feeling,  which  is  that  of  a  continuation  of 
forces  beyond  the  limits  of  observation,  and  of  a  harmony  in  relatioas^ 
overruling  the  singularities  and  deformities  of  detached  experie&oeSi 
To  hedge  one's  self  withb  what  can  be  computed,  weighed,  and  demoDp 
strated,  to  trust  such  evidence  only,  and  bar  one's  self  inside  the  prison 
of  the  senses,  to  hush  or  sconi  the  suggestions  of  the  spirit,  our  only 
true  light,  because  it  is  a  spark  of  the  flame  that  vivifiee  all — tLii  \s^ 
deny  it  or  not,  the  condition  and  the  subject  state  of  materialifiOB.    I 
Only  reason  can  conceiv  e  the  fixity,  the  generality,  and  the  univertalltf   J 
of  relations,  and  all  savants  admit  that  the  destiny  of  science  is  to   I 
establish  laws  possessing  these  three  characteristics;  but  to  admit  ibsi  J 
is  to  confess  by  implication  that  partial,  incoherent,  imperfect,  relttivt  I 
details  must  undergo  a  refining,  a  thorough  conversion,  in  the  akoibio  I 
of  the  mind,  whence  they  issue,  with  so  new  an  aspect  and  meaniBgi  I 
that  what  before  seemed  most  important  becomes  as  mere  an  aceeaniX  I 
as  it  is  possible  to  be,  and  that  which  looked  most  ephemeral  takfs  Itt  I 
place  among  eternal  things.  I 

The  conception  of  atoms  dates  from  the  highest  antiqtiity*  l«^  I 
cippus  and  Democritue,  the  masters  of  Epicurus,  several  centuricfl*'  I 
fore  the  Christian  era,  taught  that  matter  is  composed  of  invisil»le  Wj 
indestructible  corpuscles,  the  number  of  which  is  as  boundless  as  tkH 
vastness  of  the  space  in  which  they  are  diffused.  These  corpuscles  iill 
solid,  endowed  with  shape  and  motion.  The  difference  of  their  *'^»**'4B 
regulates  the  difference  of  their  movements,  and  consequently  of  UMlfl 
characteristics.    The  conception  of  a  principle  guiding  these  direiiH 
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ties,  that  is,  of  an  intelligence  as  the  supreme  cause  of  differentiation, 
is  not  less  ancient.  '*  All  was  chaotic,"  Anaxagoras  of  Clazomene  said; 
**  an  intelligence  intervened,  and  regulated  all."  Plato,  after  defining 
matter  as  an  existence  very  hard  to  understand,  an  eternal  place, 
never  perishingj  and  furnishing  a  stage  of  whatever  begins  to  be,  not 
the  subject  of  sense  and  yet  perceptible,  and  of  which  we  only  catch 
glimpses  as  in  a  dream,  tells  us  that  the  supreme  ruler  **  took  this  mass 
which  was  whirling  in  unchecked  and  unguided  movement,  and  made 
order  come  out  of  disorder."  And  this  ordering  grows  real  in  con- 
formity with  ideas,  the  prototypes  of  things,  whose  totality  makes  the 
divine  essence  itself.  The  world's  activities  are  reflections  of  God's 
thonghts.  To  these  two  fundamental  notions,  that  of  atomism  and 
that  of  idealism,  Aristotle  added  a  third,  that  of  dynamism.  As  he 
holds,  indeterminate  matter,  in  the  highest  degree  of  abstraction,  is 
without  attributes.  If  it  tends  always  toward  form  and  action,  that 
is  because  it  contains  a  principle  of  power,  a  force.  Force  is  in  Aris- 
totle's  view  the  principle  of  form*  The  latter  relates  to  substance, 
TVe  have  here  the  whole  ancient  philosophy  regarding  the  world, 
odem  pliilosophy  has  taught  ns  nothing  different*  Atomism,  strength- 
ed  and  widened  by  Descartes,  and  borrowed  from  him  by  Xewton, 
is  identical  at  bottom  with  that  held  by  the  teachers  of  Epicurus,  In 
j  the  same  way,  Leibnitz's  dynamism  is  only  a  revival  of  Aristotle's. 
L  And,  just  as  Descartes  and  Leibnitz  reproduce  the  old  Greek  masters, 
^■pontemporary  science  renews  Descartes  and  Leibnitz, 
^H  "  But  what ! "  it  will  be  said ;  "  always  repeating,  never  inventing, 
^Vmiiflt  that  be  the  fixed  doom  of  metaphysics  ?  "  Not  so ;  these  renewals 
■  oontdn  continuous  growth  toward  perfection.  The  old  truth  has  been 
preserved,  in  its  original  sense,  but  it  has  been  constantly  illuminated 
tnd  made  exact  in  the  lapse  of  time  by  happy  efforts  of  speculative 
genius.  Greek  atomism  had  an  immense  chasm  which  Descartes  filled 
by  the  conception  of  ether,  the  most  marvellous  of  modem  creations, 
Arototle^s  dynamism  was  vague,  and  Leibnitz  gave  it  precision  by 
ihowing  that  the  type  and  the  fountain  of  force  is  and  can  be  nothing 
fc  than  spirit.  He  lifted  the  conception  of  force  to  the  conception 
ionh  And  what  has  been  done  in  our  days?  We  have  computed 
motion,  we  have  detected  the  action,  of  that  subtle  ether,  we  have 
Ted  the  absolute  imperishableness  of  force,  we  have  shown  by 
ly  instances  the  fondameutal  identity  of  the  appetitive  and  eleo- 
powers  of  chemistry  and  crystallography  with  those  which  psy- 
ilogy  reveals.  Here  is  the  fatui-e  of  science  and  of  metaphysics, 
h  idll  henceforth  follow  in  their  development  the  very  course  they 
^re  held  to  since  the  first  day;  they  have  never,  like  Fenelope, 
ed  yesterday's  work  the  day  after.  They  have  pursued  the 
end  with  continuous  advance,  that  is,  the  conception  of  invisible 
iple^  and  of  the  ideal  essence  of  things.  This  end  will  remain 
tined  goal  of  their  ambition.    The  farther  we  shall 
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vance,  the  more  clearly  and  convincingly  will  they  persiat  in 
those  primal  forces  and  elementary  activities  half  guessed  at  fsom  tk 
very  dawn  of  thought.  Never  false  to  themselves,  they  will  alwsyi, 
at  whatever  point  in  history  we  appeal  to  them,  represent  the  human 
soul  unchauging  in  its  nature^  its  powers,  and  its  hopes.  Let  tbeiu 
never  muse  over  the  naoamful  question  whether  the  work  of  the  past 
will  not  vanish  at  some  time  without  leaving  a  trace.  All  of  it  will 
sarvive,  and  from  this  confidence  those  who  strive  to  increiuse  the  sum 
of  knowledge  draw  their  courage  and  consolation. 

The  conceptions  of  matter  now  entertained  agree  not  only  with 
the  boldest  deductions  of  most  splendid  discoveries  of  contemporuj' 
science,  as  well  as  with  the  oldest  truths  and  the  most  instincure 
faiths  of  humanity,  but  also  with  those  loftier  convictions,  mote  yx^ 
cious  and  as  soUd,  which  form  our  moral  and  religious  ixLhmUiice^ 
and  the  crowning  prerogative  of  our  nature.  The  most  advaoo^ 
science  rejects  none  of  the  traditions  and  objects  to  none  of  the  greit 
and  lasting  sentiments  of  past  ages.  On  the  contrary,  it  fixes  th* 
stamp  of  certainty  on  truths  hitherto  lacking  adequate  proofe,  ami 
rescues  from  the  attacks  of  skejHiciem  all  that  it  coveted  as  its  p^f* 
No  proof  of  the  sculps  immortality  is  bo  strong  as  that  we  have  draws 
from  the  necessary  simplicity  and  eternity  of  all  the  princi 
force,  Nothing  bears  witness  so  powerfully  to  the  majestic  reaL  . 
a  God  as  the  spectacle  of  those  diversities,  all  harmonious,  which  mk 
the  infinite  range  of  forces,  and  bind  in  unity  the  ordered  pulses  of  ll«! 
world.  It  is  enough  to  fix  the  truth  that  the  moral  greatness  and  tk 
intellectual  dignity  of  a  nation  must  always  be  measured  by  the  stiu^ 
ard  of  the  esteem  and  credit  it  accords  to  high  metaphysical  sj  -*'"' 
tions,  and  chiefly  to  such  as  relate  to  the  constitution  of  l 
Meditation  on  the  constitution  of  matter  is  the  best  method  of  tt^- 
ing  us  to  know  spirit,  and  to  understand  that  every  thing  mast  ^ 
referred  to  it,  because  from  it  every  thing  flows. — M^mtie  dm  Pi^ 
Mimdes, 


THE    GREAT  NEBULA  IN  ORION. 

Bt  h.  a.  pboctor,  b.  a. 

T\ TIRING  the  first  four  months  of  the  year,  the  con  - 
J-/    is  very  favorably  situated  for  observation  in  the  ^ 
magnificent  asterism  is  more  easily  recogniEed  than  the  Great  1 
Cassiopeia's  Chair,  or  the  fine  festoon  of  stars  which  adoroi 
stetlation  Perseus,     There  is,  indeed,  a  peculiarity  about  Oricfl 
♦«^d8  considerably  to  facilitate  recognition.     The  other  const- 
above  gyrate  round  the  pole  in  a  manner  which  prc«ea*«' 
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in  continually-varying  positions.     It  is  not  so  with  Orion.    Di- 
centrally  by  the  equator,  the  mighty  hunter  contmues  twelve 
urs  above  and  twelve  hours  below  the  horizon*     His  shoulders  are 
Bible  somewhat  more,  his  feet  somewhat  less,  than  twelve  hours, 
hen  he  is  in  the  south,  he  is  seen  as  a  giant  with  upraised  arms, 
erect,  and  having  one  knee  bent,  as  if  he  were  ascending  a  height 
Before  him,  as  if  raised  on  hia  left  arm,  is  a  curve  of  small  stare,  form- 
ing the  shield,  or  target  of  lion's  skin,  which  he  is  represented  as  up- 
rearing  in  the  face  of  Taurus*     When  Orion  is  in  the  east,  his  figure  is 
inclined  backward  ;  when  he  is  setting,  he  seems  to  be  bent  forward, 
'     as  if  rushing  down  a  height;  but  he  is  never  seen  in  an  inverted  posi- 
\     tion,  like  the  northern  constellations. 

And  we  may  note,  in  passing,  that  the  figure  of  Orion,  as  he  sets, 
does  not  exactly  correspond  with  the  image  presented  in  that  fine 
[    passage  in  ^^  Maud :  '^ 

^m  "  I  arose,  and  all  by  myaelf,  in  mj  own  dark  garde n-ground, 
^^B  Listening  now  to  tbe  tide,  in  ita  hroad-Otini;  Bhipwreckmg  roaft 

I^B         Kow  to  the  scream  of  a  maddened  heach  dragged  down  by  tbe  wave, 
^H         Walked  in  a  wiotrj  wind^  bj  a  ghastly  glimmer,  and  found 
^^K         The  shining  daffodil  dead,  and  Orion  low  in  his  grave ;  '^ 

'    knd  again,  toward  the  end  of  tbe  poem : 


" ,  ,  ,  •  It  fell  on  a  time  of  year 
When  the  face  of  Dight  is  fair  on  the  dewy  downs, 
And  the  shining  daifodil  dies,  and  the  charioteer 
And  starry  Gemini  hang  like  glorious  crowns 
Over  Orion's  grave  low  down  in  the  west.^* 


II  would  not,  however,  for  one  moment,  bo  understood  as  finding 
nit  with  these  passages  of  Tennyson's  finest  poem.  Detached  from 
tbe  context,  the  image  is  undoubtedly  faulty ;  but  there  is  a  correct- 
ness in  the  very  incorrectness  of  tbe  image,  placed  as  it  is  in  the 
mouth  of  one 

**  Raging  alone  as  his  father  raged  in  his  mood ;  '* 
brooding  evermore  on  his  father's  self-murder : 


**  On  a  horror  of  shattered  limbs  .  ,  ,  , 
Mangled^  and  flattened,  and  eruBhed.^ 


1 prooain 

^V  Beneath  the  thi'ee  bright  stars  which  form  the  belt  of  Orion  are 
I  eeveral  small  stars,  ranged,  when  Orion  is  in  the  south,  in  a  vertical 
I  direction.  These  form  the  sword  of  the  giant.  On  a  clear  night  it  is 
easy  to  see  that  the  middle  star  of  the  sword  presents  a  peculiarity  of 
appearance :  it  shines  as  through  a  diffused  haze.  In  an  opera-glass 
this  phenomenon  is  yet  more  easily  recognizable.  A  very  small  tele- 
ftcope  exhibits  the  cause  of  the  peculiarity,  for  it  is  at  once  seen  that 
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what  seemed  a  star  is,  in  reality,  a  mass  of  small  stars  intermixed ' 
a  diflTused  nebulosity. 

It  is  very  remarkable  circumstance  tbat  Galildo,  whose  small  tele- 
soope,  directed  to  the  clear  skies  of  Italy,  revealed  so  many  interest* 
ing  phenomena,  failed  to  detect 


"  That  marveUons  roond  of  milky  light 
Below  Orion." 


n 


It  would  not,  indeed,  have  been  very  remarkable  if  be  had  simply 
failed  to  notice  this  object.  But  he  would  seem  to  have  directed  bk 
attention  for  some  time  especiiilly  to  tbe  region  in  the  midst  of  whicfa 
Orion's  nebula  is  found.  He  says :  '^  At  Erst  I  meant  to  delineate  the 
whole  of  this  constellation ;  but,  on  account  of  the  immense  maltitu^k 
of  stars — ^being  also  hampered  through  want  of  leisure^ — ^I  left  the 
completion  of  this  design  till  I  should  have  another  opportunity.**  H€ 
therefore  directed  his  attention  wholly  to  a  space  of  about  ten  square 
degrees,  between  the  belt  and  sword,  in  which  space  he  counted  no 
less  than  400  stars.  What  is  yet  more  remarkable,  he  mentions  the 
fact  that  there  are  many  small  spots  on  the  heavens  shining  with  a 
light  resembling  that  of  the  Milky- Way  {comj>lures  aimilis  coiorii 
areoloe  J^parsimper  mt/tera  sidifulgeant)  ;  and  he  even  speaks  of  nehube 
of  this  sort  in  the  head,  and  belt,  and  sword  of  Orion,  He  asse 
however,  that,  by  means  of  his  telescope,  these  nebulas  were 
tinctly  resolved  into  stars^ — a  circumstance  which,  as  we  shall 
presently,  renders  his  description  wholly  inapplicable  to  the  ga-at 
nebula.  Yet  the  very  star  around  which  (in  the  naked-eye  view) 
nebula  appears  to  cling,  is  figured  in  Galileo*8  drawing  of  the  belt  an 
sword  of  Orion  I 

It  seems  almost  inconceivable  that  Galileo  should  have  overlooke 
the  nebula,  assuming  its  ap|3earance  in  his  day  to  have  resembled  tLi 
which  it  has  at  present.     And,  as  it  appears  to  have  been  establish 
that,  if  the  nebula  has  changed  at  all  during  the  past  century,  it 
changed  very  slowly  indeed,  one  can  scarcely  believe  that  in  GaUloo'i 
time  it  should  have  preeented  a  very  different  aspect.     Is  it  poasib 
that  the  view  suggested  by  Ilimiboldt  is  correct — that  Galileo  did  nol" 
986  the  nebula  because  he  did  not  wish  to  see  it  ?    "  Galileo,"  sap 
Humboldt,  **  was  disinclined  to  admit  or  assume  the  existence  of  8t&r* 
less  nebulae."    Long  after  the  discovery  of  the  great  nebula  in  An- 
dromeda— ^known  as  the  **  transcendently-beautiful  queen  of  the  neb!i»| 
Iffi"— Galileo  omitted  all  mention  in  his  works   of   any  but  8t*rry 
nebula'.     The  last-named  nebula  was  discovered  in  1614  by  Siawft 
Marine,  whose  claims  to  the  discovery  of  Jupiter's  satellites  had| 
angered  Galileo,  and  had  called  forth  a  torrent  of  invective^  in ' 
the  Protestant  German  was  abused  as  a  heretic  by  Galileo,  little awdrt  I 
that  he  would  himself,  before  long,  incur  the  displeasure  of  the  CiittTx*ll 
If  we  could  suppose  that  an  unwillingness,  either  to  confirm  his  ] 
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>very  af  a  starless  nebiila,  or  to  acknowledge  that  he  bad  himself 
fallen  into  an  error  on  the  Bubject  of  ncbuhi?,  prevented  Galileo  from 
speaking  about  the  great  nebula  in  Orioti,  we  should  be  compelled  to 
form  but  a  Ion*"  opinion  of  his  honesty.  It  bappeus  too  frequently 
that— 

**  llio  man  of  ecienco  himself  ia  fonder  of  glory,  and  vain — 
An  eje  well -practised  in  Nature,  a  spirit  bounded  and  poor.'* 

That  IleveliiiB,  the  "  star-cataloguer,"  should  have  failed  to  detect 
[the  Orion  nebula  is  far  less  remarkable;  for  Heveliua  objected  to  the 
nse  of  telescopes  in  the  work  of  cataloguing  stars.  He  determined 
the  position  of  each  star  by  looking  at  the  star  through  minute  holes 
or  pinnules,  at  the  ends  of  a  long  rod  attached  to  an  ingtrument  re- 
sembling the  quadrant. 

The  actual  discoverer  of  the  great  nebula  was  Iluygheus,  in  1656, 
The  description  he  gives  of  the  discovery  is  so  animated  and  interest- 
ing that  we  shall  translate  it  at  length.     He  says : 

**  While  I  was  observing  the  variable  belts  of  Jupiter,  a  dark  band 
across  the  centre  of  Mars,  and  some  indistinct  phenomena  on  his  disk, 
I  detected  among  the  fired  stars  an  appearance  resembling  nothing 
which  had  ever  been  seen  before,  so  far  as  I  am  aware.  This  phe- 
Domenon  can  only  be  seen  with  large  telescopes  such  as  I  myself  make 
lue  ol  Astronomers  reckon  that  there  are  three  stars  in  the  sword  of 
Orion,  which  lie  very  close  to  each  other.  But,  as  1  was  looking,  in 
the  year  1656,  through  my  23-feet  telescope,  at  the  middle  of  the 
sword,  I  saw,  in  place  of  one  star,  no  less  than  twelve  stars,  which,  in- 

»deed,  is  no  unusual  occurrence  with  powerful  telescopes*  Three  of 
piese  stars  seemed  to  be  almost  in  contact,  and  with  these  were  four 
others  which  shone  as  through  a  haze,  so  that  the  space  around  shone 
fiiuch  more  brightly  than  the  rest  of  the  sky.  And,  as  the  heavens 
were  serene  and  appeared  very  dark,  there  seemed  to  be  a  gap  in  this 
part,  through  which  a  view  was  disclosed  of  brighter  heavens  beyond. 
All  this  I  have  continued  to  see  up  to  the  present  time  "  {the  work  in 
which  these  remarks  afJJ)car,  the  "  Systema  Satnniium,''  was  published 
in  1659),  "  so  that  this  singular  object,  whatever  it  is,  may  be  inferred 
to  remain  constantly  in  that  part  of  the  sky,  I  certainly  have  never 
i€en  any  thing  resembling  it  in  any  other  of  the  fixed  stars.     For 

Kther  objects  once  thought  to  be  nebulous^  and  the  Milky- Way  itself 
liow  no  mistiness  when  looked  at  through  telescopes,  nor  are  they  any 
bing  but  congeries  of  stars  thickly  clustered  together." 
I  Unyghens  does  not  seem  to  liave  noticed  that  the  space  between 

^■he  three  stars  he  described  aa  close  together  is  perfectly  free  from 
^^ebnlons  light,  Insomuch  that,  if  the  nebula  itself  is  riglxtly  compared 
10  a  gap  in  the  darker  heavens,  this  spot  resembles  a  gap  within  the 
nebula.     And,  indeed,  it  is  not  uninteresting  to  notice  how  compara- 
tively inefficient  was  Iluyghena's  telescope,  though  it  was  nearly  eight 
ID  focal  length.    A  good  achromatic  telescope  two  feet  long 
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would  reveal  more  than  Huygbene  wa8  at>le  to  detect  wltli  hia  i^| 
wieldy  instrument. 

Dominic  Cagsini  soon  after  discovered  a  fourtli  star  near  tbe  three 
seen  by  Huygliens.  The  four  form  the  celebrated  trapezium^  an  object 
interesting  to  the  possessors  of  moderately  good  telescopes,  and  which 
has  also  been  a  subject  of  close  investigation  by  professed  astronomers. 
Besides  the  four  stars  seen  by  Cassini,  there  have  been  foand  fiv^ 
minute  stars  within  and  around  the  trapezium.  These  tiny  objects 
seem  to  shine  with  variable  brilliancy  ;  for  sometimes  one  will  fturpafli 
the  rest,  while  at  others  it  will  be  almost  invisible. 

After  Cassini's  discovery,  pictures  were  made  of  the  great  neboli^ 
by  Picard,  Le  Gen  til,  and  Messien  These  present  no  features  of 
cial  interest.  It  is  as  we  approach  the  present  time,  and  find  thegr 
nebula  the  centre  of  quite  a  little  warfare  among  astronome 
claimed  as  an  ally  by  one  party,  now  by  their  opponents— that  we 
begin  to  attach  an  almost  romantic  interest  to  the  investigation  of 
this  remarkable  object. 

In  the  ye^r  1811,  Sir  W.  Herschel  announced  that  he  had  (as  he 
inpposed)  detected  changes  in  the  Orion  nebula.  The  announceioent 
appeared  in  coimection  with  a  very  remarkable  theory  respecting 
nebul*  generally — nerBchel's  celebrated  hypothesis  of  the  conversion 
of  some  nebulaa  into  stars.  The  astronomical  world  now  heard  for 
the  first  time  of  that  self-luminons  nebulous  matter,  distributed  in  a 
highly-attenuated  form  throughout  the  celestial  regions,  which  Ilersche! 
looked  upon  as  the  material  from  which  the  stars  have  been  crigi* 
nally  formed.  There  is  an  allusion  to  this  theory  in  those  worda  of  the 
Princess  Ida : 

"There  sinks  the  nebulous  star  we  call  the  Bun, 
If  that  hypothesiB  of  theirs  be  somui/' 

And  in  the  teaching  of  "  comely  Psyche : " 

*^  This  world  was  once  a  fluid  haze  of  lighti 
Till  toward  the  centre  set  tlie  starrj  tidea, 
And  eddied  into  suns  that,  wheeling,  oaat 
The  plaueta/* 

Few  theories  have  met  with  a  stranger  fate*  Received  re»]>ectfidly  I 
first  on  the  authority  of  the  great  astronomer  who  propounded 
then  in  the  zenith  of  his  fame — the  theory  gradually  found  a  plaeeia 
nearly  all  astronomical  works.  But,  in  the  words  of  a  distingaiabfd 
living  astronomer,  *-Thc  bold  hypothesis  did  not  receive  that  conS^ 
mation  from  the  labors  of  subsequent  inquirers  which  is  so  remarklbk 
in  the  case  of  many  of  Herschers  other  speculations.*'  It  came  tii 
pass  at  length  that  the  theory  was  looked  upon  by  nearly  all  EngBil^ 
astronomers  as  wholly  untenable.  In  Germany  it  was*  never 
doned,  however,  and  a  great  modern  discovery  hiiB  suddenly  br 
it  into  general  favor,  and  has  in  this,  as  in  so  many  other  ii 
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vindicated  Heracbel's  claim  to  l>e  looked  upon  as  the  mogt  clear- 
sighted, as  well  as  the  boldest  and  most  original,  of  astronomical 
theorizers. 

Herschel  had  poLated  out  various  circumstances  which,  in  his  opin- 
ion, jastified  a  belief  ia  the  existence  of  a  nebulous  substance — fire- 
mist  or  star-mist,  as  it  has  been  termed — throughout  interstellar  space. 
He  had  discovered  and  observed  several  thousand  nebulie,  and  he  con- 
sidered that  among  these  he  could  detect  traces  of  progressive  devel- 
opment. Some  nebulie  were,  he  supposed,  comparatively  ymmg  /  they 
showed  no  signs  of  systematic  aggregation  or  of  central  condensation. 
In  some  nebultehe  traced  the  approach  toward  the  formation  of  subor- 
dinate centres  of  attraction ;  while  in  others,  again,  a  single  centre 
began  to  be  noticeable.  He  showed  the  various  steps  by  which  ag- 
gregation of  the  former  kind  might  be  supposed  to  result  in  the  for- 
mation of  star-clusters,  and  condensation  of  the  latter  kind  into  the 
formation  of  conspicuous  single  stars. 

But  it  was  felt  that  the  strongest  part  of  HerschePs  case  lay  in  his 
iference  to  the  great  nebula  of  Orion*    He  pointed  out  that,  among 

the  oebulaj  which  might  be  reasonably  assumed  to  be  Btar-systems, 
a  certain  proportionality  had  always  been  found  to  exist  between  the 
telescope  which  first  detected  a  nebula  and  that  which  effected  its 
resolution  into  stars.  And  this  was  what  might  be  expected  to  hap- 
pen with  star-systems  lying  beyond  our  galactic  system.  But  how 
different  is  this  from  what  was  seen  in  the  case  of  the  Orion  nebula ! 
Here  is  an  object  so  brilliant  as  to  be  visible  to  the  naked  eye,  and 
which  is  found,  on  examination,  to  cover  a  large  region  of  the  heavens. 
And  yet  the  most  powerful  telescopes  had  failed  to  show  the  slightest 
symptom  of  resolution.  Were  we  to  believe  that  we  saw  here  a  sys- 
tem of  SUDS  so  far  off  that  no  telescope  could  exhibit  the  separate  ex- 
istence of  the  component  luminaries,  and  therefore  (consideringmerely 
the  observed  extent  of  the  nebula,  which  is  undoubtedly  bnt  a  faint 
indication  of  its  real  dimeosions)  so  inconceivably  enormous  in  extent 
that  the  star-system  of  which  our  aim  is  a  member  shrinks  into  noth- 
|!ngnefts  in  comparison  ?  Surely  it  seemed  far  more  reasonable  to  rec- 
ognize in  the  Orion  nebula  but  a  portion  of  our  galaxy — a  portion 
feiy  vast  in  extent,  but  far  inferior  to  that  "  limitless  ocean  of  uni- 
verses **  presented  to  us  by  the  other  view. 

And  when  Sir  W.  Herschel  was  able,  as  he  thought,  to  point  to 
iges  taking  place  within  the  Orion  nebula,  it  seemed  yet  more  im- 
robable  tliat  the  object  was  a  star-system. 

But  now  telescopes  more  powerful  than  those  with  which  the  elder 

rscbel  had  scanned  the  great  nebula  were  directed  to  its  examina- 

8ir  John  Herschel,  following  in  hts  father's  footsteps,  applied 

If  to  the  diligent  survey  of  the  marvellous  nebula  with  a  reflect- 

ieleccope  18  inches  in  aperture.  He  presented  the  nebula  to  us  aa 
of  which  "  the  revelation  of  the  10-fect  telescope  was  but  the 
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mere  rudiment."  Strange  outlying  wisps  and  streamers  of  light 
seen,  extending  far  out  into  space.  Yet  more  strange  seemed  the 
ternal  constitution  of  tlie  object.  So  strange,  indeed,  did  the  nebula 
appear,  *'  so  unlike  what  had  hitherto  been  known  of  collections  of 
stars,"  that  Sir  John  Herschel  considered  the  evidence  afforded  by  its 
appearance  as  sufficient  to  warrant  the  conclusion  of  a  non-fitellar  sul>^ 
stance. 

But  this  eminent  astronomer  obtained  a  yet  better  view  of  the 
great  nebula  when  he  transported  to  the  Cape  of  Good  Hope  an  in* 
Btrument  equal  in  power  to  that  which  he  had  applied  to  the  north( 
heavens.  In  the  clear  skies  of  the  Southern  Hemisphere  the  nchi 
shines  with  a  splendor  far  suri>assing  that  which  it  has  in  uorth( 
climes.  It  is  also  seen  far  higher  above  the  horizon.  Thus  the  dm 
ing  which  Sir  J.  Herschcl  was  able  to  execnte  during  his  three  years' 
residence  at  the  Cape  is  among  the  best  views  of  the  great  nebula  tiit 
have  ever  been  taken.  But,  even  under  these  favorable  circurastancefi, 
Sir  John  records  that  "  the  nebula,  through  his  great  reflector,  showed 
not  a  symptom  of  resolution." 

Thee  Lasseli  turned  his  powerful  mirror,  two  feet  in  diameter, 
upon  the  unintelligible  nebula.     But,  though  he  was  able  to  ei' 
remarkable  drawing  of  the  object,  he  could  discern  no  trace  of 
constitution. 

In  1845  Lord  Rosse  interrogated  the  great  nebula  with  his  ihrce-ft 
mirror.  Marvellous  were  the  complexity  and  splendor  of  the  obji 
revealed  to  him,  but  not  the  trace  of  a  star  could  be  seen. 

The  end  was  not  yet,  however.  Eucouraged  by  the  success  of  ihu 
three-feet  telescope,  Lord  Rosse  commenced  the  construction  of  one 
four  times  as  powerfuL  After  long  and  persistent  labors,  and  at  i 
cost,  it  is  said,  of  £30,000,  the  great  Parsonstown  reflector,  with  il» 
wonderful  six-feet  speculum,  was  directed  to  the  survey  of  the  heaveiri| 
At  Christmas,  1845,  while  the  instrument  was  yet  incomplete,  aiid  % 
unfavorable  weather,  the  giant  tube  was  turned  toward  the  Orio^ 
nebula.  Prof.  Nichol  was  the  first  who  saw  the  mysterioua  objwl  ai 
pictured  by  the  great  mirror.  Although  the  observation  was  not  ftl^ 
cessful  BO  far  as  the  resolution  of  the  nebula  was  concerned,  fH 
Nichors  graphic  account  of  the  telescope's  performance  ia  well  woifl 
reading :  I 

"  Strongly  attracted  in  youth  by  the  lofly  conceptions  of  Herscbd 
he  writes,  "  I  may  be  apt  to  surrouod  the  incident  I  have  to  nanM 
with  feelings  in  so  far  of  a  personal  origin  and  interest  j  but,  udisH 
greatly  deceive  myself,  there  are  few  who  would  view  it  othtrwSB 
than  I.  With  an  atixiety  natural  and  profound,  the  scientific  Wdfl 
watched  the  examination  of  Orion  by  the  six-feet  mirror;  fer  tH 
result  had  either  to  confirm  Rerschers  hypothesis  in  so  far  as  bomfl 
insight  ever  could  confirm  it,  or  unfold  among  the  stellar  groiipi^ 
variety  of  constitution  not  indicated  by  those  in  the  neighborhood  rf 
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Oiar  galaxj.  Although  Lord  Rosse  warned  me  that  the  cu'cumstances 
of  the  moment  would  not  permit  me  to  regard  the  decision  then  given 
fts  absolutely  final,  I  weot  in  breathless  interest  to  the  iospectioo.  Not 
yet  the  veriest  trace  of  a  star!  Uniutelligible  m  ever,  ihe^re  the 
nebula  lay ;  bat  how  gorgeous  its  brighter  parts  1  How  countless 
those  streamers  branching  from  it  on  every  side  1  How  strange,  eape- 
cially  that  large  honi  on  the  north,  rifling  in  relief  from  the  black 
skies  like  a  vast  cumnloiis  cloud  1  It  was  thus  still  possible  that  the 
nebula  was  irresolvable  by  human  art  j  and  so  doubt  remained.  Why 
the  concurrence  of  every  favorable  conditiou  is  requisite  for  success  in 
such  inquiries  may  be  readily  comprehended.  The  object  in  view  is 
to  discern,  singly^  sparkling  points^  small  as  the  point  of  a  needle,  and 
close  as  the  particles  of  a  handful  of  sand ;  so  that  it  needs  but  the 
smallest  unsteadiness  in  the  aii*,  or  imperfection  in  the  shape  of  the 
reflecting  snrface,  to  scatter  the  light  of  each  point,  to  merge  them 
into  each  other,  and  present  them  as  one  mass." 

Before  long.  Lord  Rosse,  after  regriuding  the  great  mirror,  obtained 
better  views  of  the  mysterious  nebula.  Even  now,  however,  be  could 
use  but  half  the  power  of  the  telescope,  yet  at  length  the  doubts  of 
astronomers  as  to  the  resolvability  of  the  nebula  were  removed.  **  We 
oould  plainly  see,"  he  wrote  to  Prof.  Nichol,  "  that  all  about  the  tra- 
pednm  was  a  mass  of  stars^  the  rest  of  the  nebula  also  abounding 
with  stars,  and  exhibiting  the  characteristics  of  resolvability  strongly 
marked.^'  These  views  were  abundantly  confirmed  by  subsequent  ob- 
servations with  the  great  mirror. 

It  will  surprise  many  to  learn  that  even  Lord  Rosse'' s  great  reflector 
18  surpassed  in  certain  respects  by  some  of  tlie  exquisite  refractors  now 
constructed  by  opticians.  As  a  light-gatherer  the  mirror  iSjOf  course, 
unapproachable  by  refractors.  Even  if  it  were  possible  to  construct 
aa  achromatic  lens  six  feet  in  diameter^  yet,  to  prevent  flexure,  a  thick- 
ness would  have  to  be  given  to  the  glass  which  would  render  it  almost 
impervious  to  light,  and  therefore  utterly  useless.  But  refractors  have 
a  power  of  definition  not  possessed  by  large  reflectors.  With  a  re- 
fractor eight  inches  only  in  aperture,  for  instance,  Mr,  Dawes  has 
abtained  better  views  of  the  planets  (and  specially  of  Mars)  than 
Lord  Rosse's  six-feet  specidum  would  give  under  the  most  favorable 
circumstances.  And,  in  like  manner,  the  perfoAnance  of  Lord  Rosse^a 
telescope  on  the  Orion  nebula  has  been  surpassed — so  far  as  resolution 
into  discrete  stars  is  concerned — by  the  exquisite  defining  power  of 
the  noble  refi'actor  of  Harvard  College  (U.  S.).  By  means  of  this  in- 
strument, hundreds  of  stars  have  been  counted  w^ithin  the  confines  of 
the  once  intractable  nebula. 

It  seemed,  therefore,  that  all  doubt  had  vanished  from  the  subject 
icb  had  so  long  perplexed  astronomers*     "  That  was  proved  to  bo 
i,"  Nichol  wrote,  "  which,  with  conceptions  of  space  enlarged  even 
as  Herschers,  we  deemed  incomprehen^ibk.*^ 
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Yet,  even  at  this  stage  of  the  inquiry,  there  were  found  minds  bold 
enough  to  question  whether  a  perfectly  fiatiafactory  solution  of  the 
great  problem  had  really  been  attained*  Kor  is  it  difficult,  I  think,  %q 
point  out  strong  reasons  for  such  doubts.  I  shall  content  myself  by 
naming  one  which  has  always  appeared  to  me  irresistible. 

The  Orion  nebula  as  seen  in  powerftd  telescopes  covers  a  large  ii* 
tent  of  the  celestial  sphere.    According  to  the  Fadre  Seoehi,  iHw 
observed  it  with  the  great  Merz  refractor  of  the  observatory  at  RDpe^ 
the  nebulous  region  covers  a  triangular  space,  the  width  of  whose  basft 
is  some  eight  times,  while  its  height  is  more  than  ten  times  as  great  aa 
the  moon's  apparent  diameter— a  space  more  than  fifty  times  greater 
than  that  covered  by  the  moon.    Kow,  I  do  not  say  that  it  is  ibood* 
ceivable  that  an  outlying  star-system,  so  far  off  as  to  be  irresolvahh 
by  any  but  the  most  powerful  telescopes,  should  cover  so  large  a  spaec 
on  the  heavens.     On  the  contrary,  I  do  not  believe  that  a  galaxy  w- 
sembliDg  our  own  would  be  resolvable  at  all,  unless  it  were  so  near  aa 
to  appear  much  larger  than  the  Orion  nebula.    I  believe  astronomen 
have  been  wholly  mistaken  in  considering  any  of  the  nebulie  to  be 
such  systems  as  our  own.     There  may  be  millions  of  snch  systems  id 
space,  but  I  am  very  certain  no  telescope  we  could  make  would  soffiee 
to  resolve  any  of  them.    But,  what  I  do  consider  inconceivable  is,  tlist 
a  nebula  extending  so  widely,  and  placed  (as  supposed)  beyond  our 
system,  should  yet  appear  to  cling  (as  the  Orion  nebula  unJoobtedJjr 
does)  around  the  fixed  stars  seen  in  the  same  field  with  it.    So  strooglj 
marked  is  this  characteristic,  that  Sir  John  Herschel  (who  failed,  ap* 
parently,  to  see  its  meaning)  mentions  among  others  no  less  than  fo«r 
stars — one  of  which  is  the  bright  middle  star  of  the  belt — as  **involTrf 
in  strong  nebulosity,"  while  the  intermediate  nebulosity  is  only  JBSt 
traceable.     The  probability  that  this  arrangement  is  accidental  is  w 
small  as  to  be  almost  evanescent.    However,  as  I  have  said,  English  as- 
tronomers, almost  Ti4thout  a  dissentient  voice,  accepted  the  resoktioc 
of  the  nebula  as  a  proof  that  it  represents  a  distant  star-system  re«ero- 
bling  our  oum  galactic  system,  but  far  surpassing  it  in  magnitude 

The  time  came,  however,  when  a  new  instrument,  more  telling  eren 
than  the  telescope,  was  to  be  directed  upon  the  Orion  nebula,  and  vitli 
very  startling  results.  The  spectroscope  had  revealed  much  respect- 
ing the  constitution  of  the  fixed  stars.  We  had  learned  that  theT  ire 
6 una  resembling  our  own.  It  remained  only  to  show  that  the  Orion 
nebula  consists  of  similar  suns,  in  order  to  establish  beyond  all  pofisi- 
bility  of  doubt  the  theories  which  had  been  so  complacently  accept ei 
A  very  difiercnt  result  rewarded  the  attemptv,  however.  Wheu  Dr. 
Hiiggins  turned  his  spectroscope  toward  the  great  nebula,  he  aaw,  in 
place  of  a  spectrum  resembling  the  sun's,  three  bvighi  lines  onfyt  A 
Bpectnim  of  this  sort  indicates  that  the  source  of  light  is  a  iummom 
gas^  BO  that,  whatever  the  Orion  nebula  may  be,  it  ifi  moat  certainlj 
not  a  congeries  of  suns  reeembling  our  own.  ^_ 
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It  would  be  unwiso  to  theorize  at  present  on  a  result  so  remark- 
il>!e.  Nor  can  we  assert  that  Heracbers  speculaHons  have  been  con- 
firmeil^  though  his  general  reasoniog  has  been  abundantly  justified. 
Astronomers  have  yet  to  do  mnch  before  they  cao  interpret  the  mys- 
terions  entity  which  adomB  Orion's  sword.  On  every  side,  however, 
observations  are  being  made  which  give  promise  of  the  solution  of 
this  and  kindred  difficulties.  We  have  seen  the  light  of  comets 
analyzed  by  the  same  powerful  instrument ;  and  we  learn  that  the 
light  from  the  tail  and  coma  is  similar  in  quality  (so  far  as  observation 
has  yet  ertended)  to  that  euMtted  from  the  Orion  nebula.  We  see, 
therefore,  that  in  onr  own  solar  system  we  have  analogues  of  what  has 
been  revealed  in  external  apace*    I  would  not,  indeed,  go  so  far  as  to 

ert  that  the  Orion  nebula  is  a  nest  of  cometic  systems ;  but  I  may 
fely  allege  that  there  is  now  not  a  particle  of  evidence  that  the 
nebula  lies  beyond  our  galaxy, 

Nor  need  we  doubt  the  accuracy  of  Lord  Roase's  observations. 
More  than  a  year  before  his  death,  indeed,  he  mentioned  to  Dr»  I  lug- 
gins  that  "  the  matter  of  the  great  nebula  in  Orion  had  not  been  re- 
Bolved  by  his  telescope.  In  some  parts  of  the  nebula  he  observed  a 
large  number  of  exceedingly  mimit©  red  stars.  These  red  stars,  how- 
ever, though  apparently  connected  with  the  irresolvable  blue  material 
of  the  nebula,  yet  seemed  to  be  distinct  from  it." 

The  whole  subject  seems  to  be  as  perplexing  as  any  that  has  ever 
been  submitted  to  astronomers.  Tune,  however,  will  doubtless  un* 
ravel  the  thread  of  the  mystery.  We  may  safely  leave  the  inquiry  in 
the  hands  of  the  able  obsen'ers  and  physicists  whose  attention  has 
been  for  a  long  time  directed  toward  it.  And  we  need  only  note,  in 
conclusion,  that  in  the  Southern  Hemisphere  there  exists  an  object 
equally  mysterious — the  great  nebula  round  f?  Argus — which  has 
yielded  similar  results  when  tested  with  the  spectroscope.  The  exam- 
ination of  this  mysterious  nebula,  associated  with  the  most  remarkable 
rariable  in  the  heavens — a  star  which  at  one  timo  shines  but  as  a  fifth- 
magnitude  star,  and  at  another  exceeds  even  the  brilliant  Canopus  in 
splendor — may,  for  aught  that  is  known,  throw  a  new  light  on  the  con- 
litutioii  of  the  great  Orion  nebula,— i^cwer**  Magazine^ 
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or  TBS  BiroLiEii  osoi.ootoA.1*  ttraviT. 

FOR  many  years  the  stratified  formations  in  general  were  de- 
scribed in  manuals  of  geology  as  of  marine  origin,  with  the 
exception  perhaps  of  part  of  the  Coal-measures,  and  more  unequivo- 
cally of  the  Purbeck  and  Wealden  beds,  and  the  fresh-water  strata 
of  parts  of  the  Eocene  and  Miocene  series.    Even  now  t»\\^  0\9l  '^Ut^ 
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Sandstone,  as  distinct  from  the  marine  Devonian  rocks^  is  only  occi- 
sionally  and  hesitatingly  allowed  to  have  a  fresh-water  origin,  in  «i>it€ 
of  the  statement  made  by  Mr.  Godwin-Aosten  long  ago,  that  it  irii 
deposited  in  lakes. 

My  present  object  is  to  prove  that,  in  the  British  Islands,  all  tht 
great  formations  of  a  red  color,  and  which  are  partly  of  Paheoioic, 
find  partly  of  Mesozoic  or  Secondary  age,  were  deposited  in  large  is- 
land lakes,  fresh  or  salt ;  and  if  this  can  be  establiBhed^  then  there 
was  a  long  continental  epoch  in  this  part  of  the  world  comparable  Uy, 
and  as  important  in  a  physical  point  of  view  ae  any  of,  the  great  cob* 
tinents  of  the  present  day. 

The  Upper  Silurian  rocks  of  Shropshire,  Hereford  shire,  MonmoattL- 
shire,  and  Sonth  Wales,  are  succeeded  immediately  by  the  Old  Re4 
Sandstone  series,  and  there  is  no  unconformity  between  theoL 

The  teeming  life  of  the  Upper  Silurian  seas,  in  what  is  now  Wales 
and  the  adjoining  counties,  continued  in  full  force  right  up  to  the  Da> 
row  belt  of  passage-beds  which  marks  the  change  from  Silurian  brown 
muddy  sands  into  lower  Old  Red  Sandstone,  In  these  transition  bris 
on  the  contrary,  genej-a,  species,  and  often  individuals,  are  few  in  Dom^ 
ber  and  sometimes  dwarfed  in  size,  the  marine  life  rapidly  dwiadki 
away,  and  in  the  very  uppermost  Silurian  beds  land-plants  appesr, 
consisting  of  small  pieces  of  undetermined  twigs  and  the  spore^asei 
of  Lycopo^liacefle  {Pachytheca  spherica).  Above  this  horizon  ikft 
strata  become  red. 

The  poverty  in  number  and  the  frequent  small  size  of  the  shelliin 
the  passage-beds  indicate  a  change  of  conditions  in  the  nature  of  the 
waters  in  which  they  lived  ;  and  the  plants  alluded  to  clearly  point  to 
the  close  neighborhood  of  a  land,  of  which  we  have  no  direct  signsy  ifl 
the  vast  development  of  a  purely  marine  fauna  in  lower  portions  of 
the  Ludlow  strata*    In  the  Ludlow  bone-beds  the  fish-remains,  Onchm 
and  Sphagodus^  and  the  large  numbers  of  marine  Crustacea,  almost 
entirely  trilobitio  in  the  Ludlow  rocks,  indicate  a  set  of  conditions 
very  unlike  those  that  prevailed  when  the  passage-beds  and  the  lowfi 
strata  of  the  tnie  Old  Red  Sandstone  were  deposited,  in  both  of  wljioH 
new  fish  appear,  trilobites  are  altogether  absent,  and  are  more  orltifl 
replaced  by  Crustacea  of  the  genera  Pterygotns  and  Mtrypt^rui,  oili| 
of  which,  Mirt/pterus  Symmidmi^  has  only  been  found  in  the  lower 
Old  Red  Sandstone.    Neither  are  there  any  mollusca  in  the  Old  Bed^ 
Sandstone,  excepting  where  that  formation  passes  at  the  top  bto  tifl 
Carboniferous  rocks.    All  these  circimistances  indicate  changes  of  pQ^B 
ditiona  which  were,  I  believe,  of  a  geographical  kind,  and  coi]nMl|fl 
Tdth  the  appearance  in  the  area  of  fresh  water.  ^^^| 

The  circumstances  which  marked  the  passage  of  the  nppl^^H 
Silurian  rocks  into  Old  Red  Sandstone  seem  to  me  to  have  heoH^I 
following :  First,  a  shallowing  of  the  sea,  followed  by  a  gradual  a^te^ 
ation  in  the  physical  geography  of  the  district^  so  that  the  area  beeiine 
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efiangcd  into  a  series  of  miDgled  freab  and  brackish  lagoons,  which 

tially,  by  continued  terrestriul  changes,  were  converted  into  a  great 
&6h*water  lake,  or,  if  we  take  the  whole  of  Britain  and  areas  now  sea- 
vered  beyond,  into  a  series  of  lakes.    The  oecurreDce  of  a  few  gea» 
era  or  even  species  of  fish  and  Crnstacea  common  to  the  salt,  brackish, 

(fresh  waters,  does  not  prove  that  the  passage-beds  and  those  still 
[her  are  truly  marine.     At  the  present  day,  animals  commonly  sup- 
ped to  be  essentially  marine  are  occasionally  found  inhabiting  fresh 
water.    In  the  inland  fresh  lakes  of  Newfoundland,  seals,  which  never 

f'sit  the  sea,  are  common  and  breed  freely.     The  same  is  the  case  in 
ike  Baikal,  1,280  feet  above  the  sea-level,  in  Central  Asia;  and, 
ough  these  facts  bear  but  slightly  on  my  present  subject,  seals  being 
air-breathing  Mammalia,  yet  In  the  broad  mouth  of  the  Amazon,  far 
above  the  tidal  influx  of  sea- water,  marine  mollnsca  and  other  kinds 
of  life  are  found,  and  in  some  of  the  lakes  in  Sweden  there  are  marine 
Onistacea.    This  may  be  easily  accounted  for  in  the  same  way  that  I 
now  attempt  to  account  for  analogous  peculiarities  in  the  Old  Red 
^nddtone.    These  Swedish  lakes  were  submerged  during  the  Glacial 
Mriod,  and  remained  as  deep  basins  while  the  land  was  emerging,  and, 
w^T  its  final  emergence,  the  salt-waters  of  the  lakes  freshened  so 
filowly  that  some  of  the  creatures  inhabiting  them  had  time  by  de- 
grees to  adjust  themselves  to  new  and  abnormal  conditions* 

In  further  illustration  of  the  subject  let  ns  suppose  a  set  of  circum- 
ances  such  as  the  following:  By  long-continued  upheaval  of  the 
outh  of  the  Baltic  (a  process  now  going  on),  its  waters,  already 
ackish  in  the  Gulfs  of  Bothnia  and  Finland,  would  eventually  be- 
ae  fre«h,  and  true  lacustrine  strata  over  that  area  would  succeed 
Hd  blend  into  the  marine  and  brackish  water-beds  of  earlier  data 
[lethlng  of  this  kind  I  conceive  to  have  marked  the  transition  from 
the  Upper  Silurian  beds  into  the  Old  Red  Sandstone.  Again  ;  if  by 
changes  in  the  physical  geography  of  the  area,  of  a  continental  kind, 
a  portion  of  the  Silurian  sea  got  isolated  from  the  main  ocean,  more  or 
leaa  Uke  the  Caspian  and  the  Black  Sea,  then  the  ordinary  marine  con- 
ditions of  the  *'  passage-beds,^'  accompanied  by  some  of  the  life  of  the 
period,  might  be  maintained  for  whatj  in  common  language,  seems  to 
ti8  a  long  time.  There  is  geological  proof  that  the  Black  Sea  was  once 
suited  to  the  Caspian,  the  two  forming  one  great  brackish  take.  Since 
ibAj  were  disunited  and  the  Bosporus  opened,  the  Black  Sea  has,  it 
ajr  be  inferred,  been  steadily  freshening  ;  and  it  is  easy  to  conceive 
,  by  the  reclosing  of  the  Bosporus  (a  comparatively  small  geo- 
iphio&l  change),  it  might  in  the  course  of  time  again  be  converted 
a  Hresh  lake.  At  present  a  great  body  of  salt-water  is  constantly 
g  poured  out  through  the  Bosporus,  and  its  place  taken  by  the 
1  waters  of  the  Danube  and  other  rivers,  while,  owing  to  the  uncon* 
al  quality  of  the  freshening  sea,  some  of  the  Black-Sea  shells  are 
agely  distorted,  as  was  shown  by  Edward  Forbes. 
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Or,  if  we  take  the  Caspian  alone  as  an  example,  there  we  bare  i 
brackisb  inliind  sea  which  was  once  joined  to  the  ocean,  as  proved  Ijf 
Its  moUuscan  fauua.  Changes  in  physical  geography  have  taken  pkoi 
of  such  a  kind  that  the  Caspian  is  now  separated  from  the  ocean,  whOfi 
Its  waters,  gradually  growing  sailer  by  evaporation,  are  still  inhaUld 
by  a  poor  and  dwad'ed  marine  molluscan  faun^  If  by  increase  d 
rainfall  the  Caspian  became  freshened,  evaporation  not  being  eqaal  to 
the  supply  of  water  poured  in  by  rivers,  it  would  by-and-by,  after 
reaching  the  point  of  overflow,  be  converted  into  a  great  fresh-water 
lake  larger  in  extent  than  the  whole  area  of  Great  Britain.  Undesr 
these  circumstances,  in  the  Caspian  area  we  should  have  a  pafr 
sage  more  or  lesa  giadual  from  marine  to  fresh-water  conditioas, 
Buch  as  I  conceive  to  have  marked  the  advent  of  the  Old  Bed  Sand- 
stone, 

The  total  absence  of  marine  shells,  and  the  nature  of  the  foa«] 
fishes  of  the  Old  Red  Sandstone,  also  help  to  prove  its  fresh-witer 
origin,  for  we  find  the  nearest  living  analogues  of  the  fish^  in  ^ 
Polyptcrus  of  tbe  rivers  of  Africa,  the  Ceratodus  of  Australia,  and  ifl 
less  degree  in  the  Lepidosteua  of  North  America.  In  the  upper  b«ds 
of  the  formation  there  is  distinct  proof  of  fresh  water,  in  shells  of  tbi 
genus  Anodonta  mingled  with  ferns  and  other  land*planta. 

One  other  sign  of  the  inland  character  of  these  waters  remains  to 
be  mentioned — I  mean  the  red  color  of  their  strata.  As  a  general  rule, 
all  the  great  ocean  formations,  such  as  the  Silurian,  Carbotiiferoofl 
Limestone  and  Jurassic  series,  are  gray,  blue,  brown,  yellow,  or  of 
some  such  color.  The  marls  and  sandstones  of  the  Old  Ked  series  iff 
red  becanse  each  grain  of  sand  or  mud  is  in  cms  ted  with  a  thin  pciUck 
of  peroxide  of  iron.  When  this  coloring-matter  is  discharge<l  tbe  rock 
becomes  white,  and  the  iron  that  induces  the  strong  red  color  la  tb 
New  Red  Marl,  which  much  resembles  that  of  the  Old  Red  series,  is 
found  to  be  uudcr  two  per  cent,  of  the  whole,  I  cannot  conceire  how 
peroxide  of  iron  could  have  been  deposited  from  solution  in  a  wide 
and  deep  sea  by  any  possible  process,  but,  if  c4irbonate  of  iron  were 
carried  in  solution  into  lakes,  it  might  have  been  deposited  aa  a  peroi* 
ide  through  the  oxidizing  action  of  the  air  and  the  escape  of  the  €W^ 
bonio  acid  that  held  it  in  solution,  It  is  well  known  that  ferrogu»<*o* 
mad  and  ores  of  iron  are  deposited  in  the  lakes  of  Sweden  at  the  prei- 
ent  day.  Tliese  are  periodically  dredged  for  economic  purposes  by  tbe 
proprietors  till  the  layer  is  exhausted,  and  after  a  sufficient  ioter^*^ 
they  renew  their  dredging  operations  and  new  deposits  are  fooad» 
With  a  difference  the  case  is  somewhat  analogous  to  the  depofiti^ 
of  peroxide  of  iron  that  took  place  in  the  Old  Red  Sandstone  witeA 
It  is  obvious  that  common  pink  mud  might  have  been  formed  from  ^ 
mechanical  waste  of  red  granite,  gneiss,  or  other  red  rocks  b  which 
pink  felspars  are  found,  but  such  felspars  are  tinted  all  through  vili 
the  coloring-matter,  and  such  a  tint  is  very  different  from  the  deep-rci 
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:>lor  that  was  produced  by  the  encasing  of  each  iiidividtial  grain  of 

Bdiment  with  a  thin  pellicle  of  peroxide  of  iron. 

The  proof  that  the  Old  Red  Sandstone  was  deposited  in  inland 
kes  is  strengthened  by  a  similar  case  in  well-kuowjf  ancient  inland 
bheeta  of  water,  as  shown  by  the  red  marls  of  the  Miocene  lakes  of 

Neutral  France, 

It  is  known  that  in  Ireland  and  in  Scotland  the  Old  Red  Sandstone 

insists  of  two  divLsions,  upper  and  lower,  the  upper  division  lying 
|mte  nnconformably  on  the  lower.     In  South  Wales  there  are  symp- 

jms  of  the  same  kind  of  unconformity,  for  the  upper  beds  of  the  Old 
Red  Sandstone  gradually  overlap  the  lower  strata.  But,  on  consider- 
ation, this  last  circumstance  does  not  appear  to  present  any  real  dif- 
ficulty with  regard  to  the  phyisical  conditions  of  the  period.  If  the 
great  hollow  in  which  the  Dead  Sea  lies  were  gradually  to  get  filled 
with  fresh  water  and  silted  up,  1,300  feet  of  strata  might  be  added 
above  the  level  of  the  present  siuiace  of  the  water,  without  taking 
into  accoont  the  depth  of  the  sea  and  the  deposits  that  have  already 
been  formed  \  and  the  upper  strata  all  round  would  overlap  the  lower, 
apparently  much  as  the  Old  Red  Sandstone  strata  do  in  Wales  and 
the  adjoining  counties.  If  the  Caspian  and  other  parts  of  the  Asiatic 
area  of  inland  drainage  got  filled  with  water,  the  same  general  results 
would  follow. 

Neither  does  the  decided  unconformity  between  the  Upper  and 
Lower  Old  Red  Sandstones  both  in  Ireland  and  in  Scotland  present 
any  insuperable  difficulty  as  to  the  fresh-water  origin  of  the  strata^  It 
indicates  only  great  disturbance  and  denudation,  and  a  long  lapse  of 
geological  time  unrepresented  by  strata  between  the  disturbance  and 
denudation  of  the  older  beds  and  the  deposition  of  the  newer.  Here 
also  we  have  a  parallel  case  in  times  comparatively  recent,  for  the 
firesb-water  Miocene  strata  of  Switzerland  and  the  adjacent  countries 
have  been  exceedingly  disturl^od,  heaved  up  into  mountains,  and  sub- 
jected to  great  denudation,  while  at  a  much  later  geological  date — that 
of  to-day — we  have  all  the  large  firesh-water  lakes  that  diversify  the 
country  north  of  the  Alps  in  the  same  general  area. 

It  is  unnecessary  to  dilate  on  the  well-known  continental  aspect 
of  a  large  part  of  the  Carboniferous  strata  which  succeed  the  Old  Red 
Sandstone,  especially  of  the  CoabraeasnreSj  which  in  the  north  of  Eng- 
land and  in  Scotland  are  not  confined  to  the  upper  parts  of  the  series, 
bat  reach  down  among  strata  which  elsewhere  are  only  represented  by 
the  marine  beds  of  the  Carboniferous  Limestone,  The  soils  (under- 
clays),  forests,  and  peat-mosses  of  the  period,  now  beds  of  coal ;  the 
sun-cracks,  rain -pit  tings,  bones,  and  footprints  of  Labyrinthodont  Am- 
phibia on  mud  now  hardened  into  shale  ;  the  estuarine  and  fresh^water 
ftfaells — all  point  to  vast  marshes  and  great  deltoid  deposits,  formed  in 
%  country  which  underwent  many  changes  in  its  physical  geography, 
find  yet  retained  its  identity  throughout* 
VOL.  II L — 37 
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I  will  now  discusa  tbe  conditions  under  wbich  the  British  Permian 
strata  were  deposited.     Tbese  rocks  in  their  general  characters  very 
much  resemble  the  Rothliegende,  Kupfers chief er  or  Marl-elate,  aad 
Zechstein  of  tlie  Thuringerwald  and  other  paiis  of  Germany^  witfc 
this  difference,  that  where  the  English  Magnesian  Limestone  (Zecb 
Btein)  is  in  force  between  Tpxemonth  and  Nottingham,  there  are 
red  sandstones,  marls,  and  conglomerates  (Kothliegende),  between 
limestone  and  the  Coal-measures,  and  in  all  the  other  parts  of  Brit 
where  the  red  sandstones,  etc,  occur,  there  is  only  in  two  instances  1 
little  magnesian  limestone  lying,  not  at  the  top,  but  in  the  midst  o^  or 
interstratified  witli,  the  sandy  and  marly  series., 

The  Permian  marls,  sandetones,  conglomerates,  and  snbangular 
breccias  of  Warwickshire,  Staffordshire,  Shropshire,  Lancashire,  Xorth 
Wales,  the  Vale  of  Eden,  and  the  south  of  Scotland,  are  all  red^  and,  ro 
fact,  I  nowhere  recollect  any  important  gray,  yellow,  or  brown  shatos 
and  sandstones  among  them.  It  is,  however,  foreign  to  my  preseilt 
purpose  to  discuss  minor  stratigraphical  details,  or  any  qnestions  W^^ 
nected  with  English  and  Continental  equivalent  geological  hori2onsd^| 
Permian  age,  nor  is  it  necessary  to  do  more  than  allnde  to  the  disttulh 
ances  and  donudatioos  which  preceded  the  unconformable  depodiioa 
of  our  Permian  strata,  on  all  or  any  of  the  Pals^soic  formations  of 
earlier  date.  It  is  enough  if  I  am  able  to  show  good  reason  for  my 
belief  that  all  of  our  Permian  strata  were  deposited,  not  in  the  sei, 
but  in  the  inland  waters  of  lakes,  which  were  probably  mostly  salt, 
but  may  possibly  sometimes  have  been  fresh  or  brackish. 

As  with  the  red  strata  of  the  Old  Red  Sandstone,  so  I  consider  tUt 
the  red  coloring-matter  of  the  Permian  sandstones  and  marls  is  due  to 
the  precipitation  of  peroxide  of  iron  in  a  lake  or  lakes,  in  the  maimer 
already  stated,  and  the  nearly  total  absence  of  sea-shells,  in  by  far  the 
largest  part  of  the  areas  occupied  by  the  strata  colored  red,  strongl 
points  to  this  conclusion.     There  is  other  evidence  bearing  upon 
question.     The  British  plants  of  Permian  age  were  mostly  of  gen( 
common  in  the  Coal-measures,  though  of  different  species.    Am 
them  there  are  Calamites  and  Zeptdodendron,  Wa^chia,  ChondriUii 
Uiimania,  Cardiocarponj  Ahthopteris,  Sphenoptcris^  N^enropttHi^wi 
many  fragments  of  undetermined  coniferous  wood.     This,  howsTef, 
forms  no  perfectly  conclusive  proof  of  the  lacustrine  origin  of  the 
strata,  though  it  is  not  unlikely  that  land-plants,  drifted  by  rivers^ 
should  have  been  water-logged  and  buried  in  the  sediments  of  lalcA. 

The  evidence  derived  from  Reptilian  remains  more  strongly  points 
in  the  same  direction.  First  we  have  the  Labyrinthodont  Amphibifiu 
Da^e^$  BucJclandi^  from  the  Permian  sandstones  near  KenUwoiin 
next  the  footprints  mentioned  by  Prof  Harkness  in  the  red  siaS- 
stones  of  the  Yale  of  Eden  ;  and  again,  the  numerous  footprints  intlw 
sandstones  of  Corncockle  Bloor,  in  Dumfriesshire,  long  ago  descriM 
by  Sir  William  Jardine.    All  of  these  prints  indicate  that  the  Ampbilw 
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^pre  accuetomecl  to  walk  on  damp  surfaceB  of  Band  or  mud  open  to 
toe  air,  and  the  impressions  left  by  tbeir  feet  were  afterward  dried  in 
the  Bun,  before  the  waters  flooded  anew,  overfipread  them  with  layei^ 
of  sediment,  in  a  manner  that  now  annually  takes  place  dnring  the  ra- 
nations  of  the  seasons  on  the  broad  flats  of  the  Great  Salt  Lake  of 
Utah  and  in  other  salt  lakes.  The  occurrence  of  psendomorpha  of 
crystals  of  salt  in  the  Permian  beds  of  the  Yale  of  Eden  also  helps 
to  this  conclusion,  together  with  ripple-marks,  sun-cracks,  and  rain* 
pittlngs,  impressed  on  the  beds.  Crystals  of  common  salt  were  not 
likely  to  have  been  deposited  in  an  open  sea,  for,  to  form  such  crys- 
tals, concentration  of  chloride  of  sodium  by  evaporation  is  necessary* 
l>eposit8  of  gypsum,  common  in  the  Permian  marls^  could  also  only 
have  been  formed  in  inland  waters  by  concentration,  or  on  occasional 
surfaces  of  mud  exposed  to  the  sun  and  air,  for  no  reasonable  explana- 
tion can  be  offered  of  a  process  by  means  of  which  sulphate  of  lime 
can  be  deposited  amid  common  mechanical  sediments  at  the  bottom 
of  an  open  sea* 

The  question  now  arises  how  to  account  for  the  formation  of  the 
Isands  of  magnesian  limestone,  sparingly  intermingled  with  the  red 
marls  and  sandstones  of  Lancashire  and  the  Yale  of  Eden,  and  of  that 
more  important  limestone  district  in  the  eastern  half  of  the  north  of 
England,  forming  a  long  escarpment  between  Tynemouth  and  Not- 
tingham. In  these  we  have  a  true  but  restricted  marine  fauna,  inter- 
mingled, however,  with  the  relics  of  Amphibian  and  terrestrial  life. 

Let  us  broadly  compare  the  marine  life  of  the  preceding  epoch, 
that  of  the  Carboniferous  Limestone  series,  with  t!ie  fossils  of  the  Mag- 
nesian Limestone.  The  marine  fauna  of  the  Carboniferous  limestone 
of  Britain  contains  about  1,600  species,  most  of  which  are  mollusca 
(86©),  corals  (134),  echinodermata,  criistacca  (149),  and  fish  (203). 
The  Fennian  fauna  feebly  resembles  that  of  the  Carboniferous  epoch, 
hat,  instead  of  the  vast  assemblage  of  many  kinds  of  life  found  in  the 
latter,  the  Magnesian  Lunestone  of  England  only  holds  nine  genera 
and  21  species  of  Brachiopoda,  Id  genera  and  31  species  of  Lamelli- 
branchiata,  11  genera  and  26  species  of  Gasteropoda,  one  Pteropod 
{Tfieca)^  and  one  Cephalopod  {Nautilus),  The  whole  comprises  only 
38  genera  and  80  species,  and  all  of  these  are  dwarfed  in  size  when 
compared  with  their  Carboniferous  congeners,  when  such  there  are. 

I  cannot  easily  account  for  this  poverty  of  numbers  and  dwarfing 
^■the  forms,  except  on  the  h3rpothesi9  that  the  waters  in  which  they 
^ed  were  uncongenial  to  a  true  ocean  fauna ;  and  in  this  respect  the 
general  assemblage  may  be  compared  to  the  still  more  restricted  ma- 
rine faunas  of  the  Caspian  Sea  and  the  Sea  of  Aral,  or  rather  to  that, 
a  little  more  numerous  and  partly  fossil,  of  the  great  Aralo-Caspian 
area  of  Inland  drainage,  at  a  time  when  these  inland  braddsh  lakes 
formed  part  of  a  much  larger  body  of  water.  Some  of  the  fish  of  the 
Marl-elate  have  strong  generic  affinities  with  those  of  Carboniferous 
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age,  a  Dumber  of  which  nndoubtedly  penetrated  into  the  shailloj^ 
tuarine  lakes  and  salt  lagoons  of  that  period*  Associated  with  thl 
Pemii^Ln  mollusca  we  find  the  Labyrmthodont  Amphibian  JJepUtoU^ 
aaurm  Ih^i^  together  with  Proteroaaurus  Speneri  and  P,  M% 
both  of  which  were  true  Lacertilian  land  reptiles. 

Beaidea  the  poverty  of  species  and  the  small  si^e  of  the  Mol 
of  the  true  Magnesian  Limestone,  the  chemical  composittOQ  of  ihm 
strata  seems  to  afford  strong  hints  that  they  were  formed  in  an  inlairf^ 
salt  lake,  the  sediments  of  which  were  partly  deposited  through  tto^ 
effect  of  solar  evaporation.  Broadly  stated,  the  rock  may  be  saidtA 
consist  of  a  mixture  of  carbonate  of  lime  and  carbonate  of  magnetii 
in  proportions  more  or  less  equal,  mingled  with  a  little  silieious  smd 
mechanically  deposited.  The  solid  dolomite  siill  contains  **aboal  oeifr 
fifth  j:»er  cent,  of  salts  soluble  in  water,  consisting  of  chlorides  of  «► 
dium,  magnesium,  potassium,  and  calcium,  and  sulphate  of  lime,  Tbi« 
must  have  been  produced  at  the  same  time  as  the  dolomite,  and  caQgh 
in  some  of  the  solution  then  present,  which  is  thus  indicated  to  \%n 
been  of  a  briny  character"  (Sorby).  But,  instead  of  such  deposits  hit- 
ing  been  formed  in  open  sea-water,  I  submit  that  this  CTidence,  joiuol 
to  the  facts  previously  stated,  leads  me  to  believe  that  our  Pcrmitf 
dolomite  was  formed  in  an  inland  salt  lake,  in  which  carbonates  of  liiK 
and  magnesia  might  have  been  deposited  simultaneously.  This  defi^ 
sition  was  chiefly  the  result  of  oonceotration  of  solutions  caused  bf 
evaporation^  the  presence  of  carbonate  of  lime  in  the  rock  being  pi^H 
duo  to  organic  agency,  or  the  life  and  death  of  the  molluscs  dnH 
habit  the  waters*  I  cannot  understand  how  deposits  of  carboiurt^| 
maguesia  could  have  taken  place  in  an  open  sea,  where  neeeMH 
lime  and  magnesia  only  exist  in  solution  in  very  small  quantities  ia  i] 
vast  bulk  of  water.  In  the  open  sea^  indeed,  the  formation  of  all  brfl 
of  limestone  is  produced  simply  by  the  secretion  of  carbonate  of  HI 
effected  by  molluscs,  corals,  and  other  organic  agents,  and  I  know  « 
no  animal  that  uses  carbonate  of  magnesia  to  make  its  bones.         J 

The  very  lithological  character  of  some  of  the  strata  helps  to  H 
to  the  same  conclusion,  for,  when  weathered,  they  are  seen  to  eoifl 
of  a  number  of  thin  layers  curiously  bent  and  convoluted,  and  appflfl 
mately  fitting  into  each  other,  like  sheets  of  paper  crumpled  t4>g«>lH 
conveying  the  impression  that  they  are  somewhat  t  -  in  l^| 

acter,  or  almost  stalagmitic,  if  it  be  possible  to  supp^  '^^P^| 

being  formed  under  water.  The  curious  concretionary  and  nidii^H 
structures  common  in  the  limestone  are  probably  also  connected  lH 
the  chemical  deposition  of  the  sediments.  H 

Arguments  of  the  same  kind  apply  to  the  magnesian  lim6Sto«ii^| 
Lancashire  and  the  Vale  of  Eden,  and  the  miserable  marine  faoail 
some  of  these  beds  also  indicates  inland  unhealthy  W€U€r$^  ^^H 
deposits  of  bedded  gypsnm  so  common  in  the  marls  of  the 
that  the  latter  could  not  have  been  deposited  in  the 
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Taking  all  these  circumstances  into  accountj  the  poverty  of  the  ma- 
rine fauna,  the  terrestrial  lizards,  the  Amphibia,  and  the  land-plants,  I 
cannot  resist  the  coi3cliisiou  that  the  Pemiian  rocks  of  England  were 
deposited  in  a  lake  or  in  a  series  of  great  inland  continental  lakes, 
brackish  or  salt  j  and,  if  this  be  true,  it  will  equally  apply  to  some 
Dther  regions  of  Europe. 

The  strata  that  succeed  the  Permian  formations  in  the  geological 
aeale  are  those  included  in  the  word  Trias,  on  the  continent  of  Europe, 
rbese  consbt  of  three  subdiyisions :  first  and  lowest,  the  Bunter  sand- 
utone:  second,  the  Muschelkalk;  and  third,  the  Keuper  marl,  or  Mame$ 
Wuies,  The  Bunter  sandstone  on  the  Contioent  consists  chiefly  of  red 
landstones,  with  interstratiiied  beds  of  red  marl  and  thin  bands  of  lime- 
t^ne,  flometimes  magDesian*  These  form  the  G^rhs  Mgarri  of  France. 
Imi  these  strata,  near  Strasbourg,  about  tliirty  species  of  land-plants  are 
uown,  chiefly  ferns,  Calamites,  Cycads,  and  Coniferae,  and  with  them 
■bains  of  fish  are  found  and  Labyrinthodont  Amphibia,  In  the  same 
iSies  there  occur  Lamellibranchiate  marine  mollusca  of  the  genera 
[Vigonia,  Mya,  Mytiliis,  and  Posidonia,  so  few  in  number  that  they 
Biaggest  the  idea,  not  of  the  sea,  but  of  an  inland  salt  lake,  especially 
whea  taken  in  connection  with  the  Labyrinthodont  Amphibia  and  the 
mrestrial  plants. 

The  Muschelkalk,  next  in  the  series,  is  essentially  marine.  A  par- 
1^  submergence  took  place,  and  a  large  and  varied  fauna  of  Mesozoio 
Btoe  occupied  the  area  previously  covered  by  the  lake  deposits  of  the 
Hnter  sandstone. 

H  Above  this  comes  the  Keuper  series,  with  Gypsum  and  dolomite, 
^■d'plants,  fish,  and  Labyrinthodont  remains,  and  a  few  genera  and 
H^ies  of  maiine  shells,  again  suggesting  the  idea  of  a  set  of  condi- 
^■00  very  different  from  those  that  prevailed  when  the  Muschelkalk 
^■f  formed. 

H  These  strata,  as  a  whole,  are  the  geological  equivalents  of  the  Kew 
^■d  Sandstone  and  Marl  of  England,  with  this  diff'erence — that  the 
^nohelkalk  is  entirely  absent  in  our  country,  and  we  only  possess  the 
^■w  Red  Sandstone  (Bunter)  and  the  New  Red  Marl  (Keuper), 
H  The  kind  of  arguments  already  applied  to  part  of  the  Permian 
Hftta  may,  with  equal  force,  be  used  in  relation  to  the  New  Red  Sand- 
^poe  and  Marl  of  England.  I  have  for  long  held  that  our  New  Red 
H^ditone  was  deposited  in  an  inland  lake,  probably  salt,  and  that  our 
^■vr  Red  Marl  was  certainly  formed  in  a  salt  lake.  Pseudo-morphous 
^mtals  of  salt  are  common  throughout  the  whole  formation,  which, 
Slides,  contains  two  great  beds  of  rock-salt,  each  80  or  100  feet  thick, 
Hftcli  could  only  have  been  deposited  in  a  lake  that  had  no  outflow, 
Hi  from  which  all  the  water  poured  into  it  by  the  rivers  of  the  coun* 
Hf  wa»  entirely  got  rid  of  by  evaporation  induced  by  solar  heat.  It 
^p  been  proved  by  analyses  that  all  spring  and  river  waters  contain 
Hioride  of  sodium  and  other  salts  in  solution,  and  in  snch  a  lake,  liy 
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ooQstant  eTaporatioU)  salts  must  ui  time  have  become  so  eoDcentntdN 
that  the  water  could  hold  no  tuore  in  solutloD*  This  state  of  eTapoi» 
tioo  is  now  going  on  in  the  comparatively  rainless  areas  of  the  Df»d 
Sea,  the  Great  Salt  Lake  of  Utah^  and  in  numerous  lakes  in  Central  Asli« 
though  it  is  by  no  means  asserted  that  in  all  of  these  positive  depose 
tion  of  salt  has  begun  to  take  place.  At  leuglh  saline  deposits  bcgu 
to  be  formed,  which  in  the  castJ  of  the  New  lied  Marl  consisted  chief 
ly  of  common  salt.  This  is  impossible  in  an  ordinary  ocean,  for  tk 
salt  in  solution  cannot  there  be  sufficiently  concentrated  to  penmt  of 
deposition. 

Gypsum  and  other  salts  contained  in  the  red  marl  may  also  bie 
been  formed  in  like  manner,  and,  as  in  the  Permian  and  Old  Red  fo^ 
mations,  X  consider  that  the  peroxide  of  iron  which  stains  both  94lt 
and  marl  may  have  been  carried  into  the  lakes  in  solution  as  car- 
bonate of  iron,  to  be  afterward  deposited  as  a  peroxide. 

The  remains  of  plants  found  in  the  British  Keuper  beds  also  gpeik 
of  a  surrounding  land,  while  the  Crocodile  {StagonoUpU)^  the  Biuch 
sauria  (land  reptiles),  Lizards  (one  of  them  a  true  land  lizard,  ^eie^ 
p€iQn)^  and  six  supposed  species  of  Labyriuthodont  Amphibia,  all  t^ 
the  same  tale  of  land.  Rain-prints  and  sun-cracks  are  not  wanting  to 
help  in  the  argument ;  and  while  the  fishes  yield  no  conclusive  piW, 
the  well-known  bivalve  crustacean  E&theria  viinuta  might  have  lired 
in  any  kind  of  area  occupied  by  salt-water,  while  the  small  Marsupial 
Mammal  MtcroUstcB  anliguua  speaks  conclusively  of  land. 

Taken  as  a  whole,  it  seems  to  me  that  the  nearest  concept iod  we 
can  form,  of  part  of  the  old  continent  in  which  the  Permian  and  Xeir 
Red  strata  were  deposited,  is,  that  it  physically  resembled  the  gn^it 
area  of  inland  drainage  of  Central  Asia,  in  w*hich,  from  the  Caspiso 
8,000  miles  to  the  eastward,  almost  all  the  lakes  are  salt  in  a  region 
comparatively  rainless,  aud  in  which  the  area  occupied  by  inland  salt 
or  brackish  waters  was  formerly  much  more  extensive  than  at  pre*€iit» 

And  now  let  me  endeavor  to  sum  up  the  whole  of  the  argumeoi. 
If,  as  I  believe,  the  Old  Red  Sandstone  was  deposited  in  a  lake  or 
lakes;  if  the  Coal-measures,  as  witnessed  by  the  great  rive^beds, 
estuarine  shoals,  and  wide-spread  terrestrial  vegetation,  show  proof  of 
a  continental  origin;  if  the  Permian  strata  were  formed  in  inland  wit 
or  brackish  waters,  and  if  the  New  Red  beds  had  a  similar  origia— 
then  from  the  close  of  the  Uppermost  Silurian  formation  down  to  the 
influx  of  the  Rhoetic  Sea,  which  brought  the  Keuper  Marl  periM 
to  an  end,  there  existed  over  the  north  of  Europe,  and  in  other  lands 
besides,  a  great  continent  throughout  all  that  time,  one  main  feature 
of  which  was  the  abundance  of  Reptilian  and  Amphibian  life,  Thia 
old  continent  was  probably  comparable  in  extent  to  any  of  the  largtf* 
contineots  of  the  present  day,  and  perhaps  comparable  in  the  length 
of  its  duration  to  all  the  time  represented  by  all  the  I^Iesozoie  stiaU 
f j^m  the  close  of  the  Triassic  epoch  down  to  the  latest  strata  of  the 
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k,  and  it  may  be  evea  comprehending  the  additional  time  occu- 
in  the  formatioE  of  the  Tertiary  strata.     But  this  latter  part  of 
gabject  I  propose  to  work  out  before  long. 

One  other  point  remains,     I  have  elsewhere  attempted  to  prove, 
id  the  opinion  is  gaining  ground  in  England^  that  thii  long  conti- 
tal  epoch  embraces  at  least  two  glacial  episodes,  as  witnessed  first 
the  bowlder-be«is  of  the  Old  Red  Sandstone  of  Scotland  and  the 
th  of  England,  and  secondly  by  the  occurrence  of  similar  deposits 
^ntaining  far-borne  erratic  blocks  and  ice-scratched  s tones,  in  a  por- 
tion of  that  part  of  the  Permian  strata  that  is  usually  considered  to 
present  the  German  Rothliegende,     Should  this  be  tinBlly  admitted, 
may,  on  astronomical  grounds,  some  day  help  us  in  the  positive 
iBasurement  of  geological  time. 
Finally,  let  me  rapidly  pass  in  review  what  I  think  we  know  of 
.er  terrestrial,  as  opposed  to  marine  epochs,  in  the  British  and  neigh* 
iring  areas  of  Europe,     A  widc-spred  partial  submergence  brouglit 
old  continent  to  an  end,  and  during  the  Liassic  and  Oolitic  epoch 
urassic)  the  Highlands  of  Scotland  and  other  mountain -regions  in 
\  British  Islands  formed,  with   some   other  European  Palseozoic 
:ks,  groups  of  islands,  round   which,  in  warm  seas,  the  Jurassic 
rata  were  deposited.     These  relics  of  an  older  continent,  by  dcposi- 
of  newer  strata  and  subsequent  gradual  upheaval,  began  to  grow 
extent,  and  at  length  formed  the  great  continental  area  through 
lich  the  mighty  rivers  flowed  that  deposited  the  strata  of  the  Pur- 
ck  and  Wealden  series  of  England  and  the  continent  of  Europe, 
A  larger  submergence  at  length  closed  this  broad  local  terrestrial 
sh,  and  in  those  areas  now  occupied  by  Northern  Europe  (and 
ich  more  besides),  the  sea,  during  the  deposition  of  great  jiart  of 
I  Chalk,  attained  a  width  and  depth  so  great  that  probably  only 
\  tops  of  our  British  Palaeozoic  mountains  stood  above  its  level. 

subsequent  elevation  of  the  land,  the  fiuvio-marine  Eocene 
of  Western  Europe  were  formed,  including  in  the  term  fluvio- 
[ne  the  whole  English  series,  embracing  the  London  Clay,  which 
ahown  by  its  plant-remains  was  deposited  at,  or  not  far  from,  the 
iQtli  of  a  great  river,  which  in  size,  and  in  the  manner  of  the  occur- 
ioe  of  some  of  these  plants,  may  be  compared  to  the  Granges.  With 
latter  continent  there  came  in  from  some  land,  unknown  as  yet,  a 
at  and  new  terrestrial  mammalian  fauna  wonderfully  diflfereut  from 
t  which  preceded  it  in  Mesozoic  times,  and  from  tlrat  day  to  this 
the  greater  part  of  Europe  has  been  essentially  a  continent,  and  in  a 
large  sense  all  its  terrestrial  faunas  have  been  of  modern  type. 

On©  shadowy  continent  still  remains  unnamed,  far  older  than  the 
oldeat  of  those  previously  spoken  of.  What  and  where  was  the  land 
^Dsa  which  the  thick  and  wide  deposits  that  form  the  Silurian  strata 
■  Eorope  were  derived?  For  all  sedimcotary  strata,  however  thick 
lod  extended  in  area,  represent  the  degradation  of  an  equal  amount 
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of  older  rocks  wbereiiritU  to  form  them»     Probably,  like  the  Am 
Laurcntian  rocks,  that  old  hiud  lay  in  the  north,  but  whether  ar 
of  this  at  all  events  I  have  more  than  a  suspicion,  that  the  red, 
called  Cambrian,  beds  at  the  base  of  the  Lower  Silurian  series  indioaJ? 
the  last  relics  of  the  fresh  waters  of  that  lost  continent,  sparinglj 
interstratified  with  gray  marine  beds,  in  which  a  few  trilobites  And 
other  sea-fortns  have  been  found*     Going  back  in  time  beyond  thif, 
all  reasoning  or  detailed  geological  history  becomes  ragne  in  the  ei- 
treme.    The  faunas  of  the  Cambrian,  and  especially  of  the  Lower  Si 
lurian  rocks,  from  their  abandance  and  variety  show  that  ihey  are 
removed  from  the  beginnikig  of  life.    Lookiiig  to  the  vanlshiug 
in  the  past  and  the  unknown  future,  well  might  Hutton  declare 
in  all  that  the  known  rocks  tell  us  "  we  find  no  vestige  of  a  bcginmai 
— no  trace  of  an  end." — Contemporary  Jtevieto, 
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HAGXETO-ELECTEIC  ILLUMINATION. 

By  WILLIAM  CBOOKES,  F.B.B. 

THE  progress  made  in  electric  illumination  during  its  ad 
toward  perfection  has  been  several  times  recorded  in  the  pagef 
of  this  journaL  In  our  first  number,  published  nearly  ten  years  ago* 
Dr.  J.  II.  Gladstone  gave  a  history  of  the  early  difficulties  attending 
the  introduction  of  the  magneto-electric  machine  as  a  Ught-genemtoi 
for  light-house  illumination.  Two  years  subsequently,  the  prei 
writer  described  Wilde's  magneto-electric  machine,  and,  after  a  further 
lapse  of  years,  during  which  time  no  very  important  improvement  b 
the  industrial  application  of  magneto-electricity  has  been  Tec<»rde^, 
another  step  in  advance  has  been  made  which  calls  for  detailed  notice. 
The  chief  difHculties  in  the  employment  of  magneto-electTie  cm- 
rents  for  industrial  purposes  have  been  their  almost  instantane* 
character  and  the  rapid  alternation  in  their  direction*  The  insi 
mental  means  necessary  to  seize  hold  of  these  rapidly-alternfttii 
waves,  and  convert,  them  into  a  more  or  less  continuous  stream  ^f 
force  flowing  in  one  direction,  are  necessarily  of  a  delicate  charactetj 
and  are  easily  put  out  of  atyustmeBt.  This  is  easily  understood  w! 
it  is  remembered  that,  in  the  machine  first  tried  by  Mr.  Holmes, 
rubbing  surfaces  were  worn  away  in  ten  or  twenty  minutes* 
Berlioz  machine  required  for  its  maximum  of  intensity  350  or  400 
revolutions  per  minute,  and  the  direction  of  the  current  is  then  re- 
versed nearly  6,000  times  per  minute  ;  here,  however,  the  altemste 
cnrrents  are  not  brought  into  one.  In  the  machine  made  by  Mn 
Wilde  for  the  Comniissioiiers  of  Northern  Light-houses,  the  first  aniu^ 
ture  is  made  to  revolve  about  2,500  times  a  minute,  generating  5,000 
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aves  of  electricity.  Tlicso  alternate  currents  arc  converted  into  an 
^erniittent  current  moving  in  cnie  direction  only  by  meiins  of  a  com- 
Ettator.  The  second  armature  revolves  1,800  times  a  minute,  gen- 
iting  3,600  allernately-oppoBed  waves  of  electric  force,  which  are 
eked  up  and  sent  in  one  direction  by  a  commutator,  as  in  the  former 
se. 
It  is  evident  that  when  a  good  friction  contact  is  to  be  kept  be- 
tween pieces  of  metal  moving  at  these  enormous  velocitieSj  the  wear 
aod  tear  is  very  great.  For  a  long  time,  however,  it  was  thought  that 
these  difficulties  were  inherent  to  the  magneto-electric  machine,  until 
electricians  found,  first,  that  the  almost  instantaneous  flash  of  the  cur- 
rent could  be  considerably  lengtlienod  out,  and  then  that  the  succes- 
I  give  waves  generated  cotdd  be  so  produced  as  to  flow  in  the  same  in* 
^||ead  of  in  opposite  directions^ 

^P    These  impiortant  desiderata  are  supplied  in  a  magneto-electric  ma- 

fUiiiiG  of  a  novel  form,  invented  by  IL  Gramme.     The  principle  is  not 

difficult  to  understand.     Take  a  long  bar  of  soft  iron,  E,  E',  Fig,  1, 
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md  which  is  coiled  an  insulate*!  copper  wire ;  to  this  bar,  fonning 
electro-magnet,  let  a  permaoent  magnet,  S  N,  be  presented,  the 
>uth  pole  being  nearest  to  the  iron  bar.  Now  move  the  permanent 
ignet  in  the  direction  of  the  aiTow  parallel  with  itself,  with  a  uni- 
5rm  velocity,  and  always  maintaining  the  same  distance  from  the 
bar.  The  south  pole  of  the  permanent  magnet  will  produce  a  north 
magnetic  pole  in  the  portion  of  the  iron  bar  nearest  to  it ;  and  the 
gradual  dii^placement  of  tbis  pole  from  one  end  to  the  other  of  the 
iron  bar,  caused  by  the  motion  of  the  magnet,  will  induce  in  the  sur- 
rounding wire  an  electric  current  which  may  be  rendered  evident  by 
the  galvanometer,  G.  This  current  will  not  be  instantaneous ;  it  will 
continue  to  flow  during  the  whole  time  the  magnet  is  moving  between 
the  two  ends,  E  E',  of  the  iron  bar,  and  its  time  of  duration  may 
therefore  be  varied  at  pleasure. 

This  experiment  shows  that  it  may  be  poasiblej  by  proper  arrange- 
ments, to  realize  a  machine  which  will  furnish  a  continuous  current  of 
electricity  for  as  long  as  may  be  desired.  We  have  only  to  imagine 
be  electro-magnet,  instead  of  being  the  straight  bar  shown  in  Fig,  1, 
ivX  into  a  circular  form  as  at  E,  E',  E",  E'",  Fig.  2. 
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Bubniit  this  antiolar  electro-magnet  simultaDeoasly  to  the  infltie 
of  the  two  poles  of  the  pertmLnent  horseshoe  magnet,  K  S,  and  at  1 
same  time  imagine  it  to  revolve  on  ii8  axis  in  the  direction  dhown  ij 
the  arrows. 


The  south  pole,  S,  of  the  horseshoe  magnet,  will  produce  in  tbat 
\  portion  of  the  ring,  E,  which  is  near  it,  an  electril  current  in  a  parti 
olar  direction,  aa  may  be  inffrred  from  what  we  have  said  respccti 
the  straight  bar,  Fig.  L     But  the  north  pole,  N,  of  the  magnet,  wC! 
likewise  produce  in  the  part  of  the  ring  which  is  in  its  neighborb' 
E",  an  electric  current  flowing  in  the  opposite  direction ;  and  it 
easily  conceived  that,  in  the  two  portions  of  the  ring,  E',  and  JS^ 
which  arc  in  what  may  be  called  the  mean  f»oaition,  there  h  no  co^ 
rent  at  all     If,  therefore,  we  wish  to  collect  the  two  contrary  curreatt 
produced  simultaneously  in  the  wire  surrounding  the  eleetro-magBet, 
wc  have  only  to  connect  the  wires  at  the  mean  position  to  two  ooo* 
ductora  by  friction-contacts,  F  F',  when  the  current  can  be  caniri 
Hway  to  a  galv:innmeter,  G,  and  rendered  sensible. 

The  principle  of  the  arrangement  being  thus  understood,  the 
strnction  of  the  machine  itself  will  be  readily  intelligible. 

It  consists  of  a  permanent  horecsboe  magnet,  S,  O,  K,  Fig.  3,  bfr 
twccn  the  poles  of  which  revolves  an  electro-magnet.  This  electro* 
magnet  consists  of  a  ring  of  soft  iron,  round  which  is  woirad  an  vmr 
latod  conducting  wire^  presenting  no  solution  of  continuity.  It  may 
be  conceived  as  being  an  ordinary  straight  electro-magnet  bent  rouini  j 
I  in  a  circle^  and  the  two  ends  of  the  conducting  wire  soldered  together 
to  establish  continuity. 

In  Figs.  4  and  *I  the  electro-magnet  is  represented  at  A  in  seclwi 
I  w^hile  in  Figs.  3  and  5  it  is  shown  at  A  with  the  covering  win?  on  ^ 
It  revolves  round  its  axis  on  an  axle  to  which  movement  is  coinmi 
cated  either  by  means  of  belting,  or  with  toothed  geaiiog,  shown  in 
Figs,  3  and  4,  worked  by  a  handle,  M. 

Tlie  current  is  generated  and  collected  in  the  following  wayr  Tb^ 
wire  surrounding  the  electro-magnet  is,  as  we  have  said,  continttoos* 
but  it  IS  disposed  in  4Q  sections  or  elements,  each  consistiiig,  say*  ^ 
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loo  tUTDR.  The  outer  end  of  the  coil  of  oue  section  forms  the  com- 
mencemeDt  of  the  first  coil  of  the  next  ficctionj  and  so  on.  Tlie  whole 
of  the  wire  ia  therefore  divided  into  40  equal  sections,  being,  however, 
continuous  throughout. 

To  understand  better  how  an  uninterrupted  cuiTent  is  produced, 
let  us  imagine  a  line  to  be  drawn  eqyatorially,  or  perpendicular  to  the 
lines  of  force  between  the  poles  of  the  horseshoe  magnet,  and  dividing 
the  ring  armature  into  two  partB  ;  suppose,  likewise,  that  to  the  two 
ends  of  one  of  the  40  coils  two  wires  are  soldered,  the  other  ends  of 
which  are  attached  to  a  galvanometer.  Now  let  the  ring  be  intermit- 
tently revolved  in  one  direction,  so  as  to  give  to  the  said  coil  a  succes- 


on  of  movements  of  about  10  degrees,  stopping  each  time  to  permit 
'iks  galvanometer-needle  to  resume  its  normal  position.  It  will  then 
riaen  that  the  whole  time  the  coil  is  above  the  equatorial  line  the 
tlvanometer-needle  will  be  urged  in  the  same  direction,  and  the  cur- 
ats  may  be  called  positive.  But,  as  soon  as  the  said  coil  crosses  the 
j-fiquatorial  position,  the  currents  generated  in  it  will  be  negative^  and 
^^k.  the  opposite  direction  to  what  they  were  at  tlie  other  half  oi  the 
^^■^a.  This  experiment  shows  that  a  reversal  of  the  direction  of 
^^iPttnent  carries  with  It  a  reversal  of  the  direction  of  the  current. 
^^P  From  this  insight  into  w bat  is  produced  in  one  of  the  sections, 
PHbe  general  phenomena  produced  by  the  whole  circle  of  coils  are  easily 
understood.     The  20  sections  which  are  on  one  side  of  the  equatorial 

ifiitioD  are  the  source  of  positive  currents ;  these  may  be  of  unequal 
^osity  among  themselves,  but,  for  a  uniform  velocity  of  rotation, 
nr  Bum  is  evidently  constant ;  for,  as  one  coil  crosses  the  equatorial 
le  from  north  to  south,  an  opposite  one  comes  up  from  south  to 
rth  to  take  its  place.     On  the  other  hand,  the  20  sections  which  are 
wu  the  other  side  of  the  equatorial  line  are  the  seat  of  negative  cur- 
Ei,  the  sum  of  whose  intensities  is  likewise  constant,  and  equal  to 
of  the  positive  currents. 
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Thus  the  revolving  armature  presents  two  groups  of  coils,  geoe^ 
ating  two  equal  but  opposite  etreams  of  electric  force.  The  wire  bemg 
unbroken,  the  currents  neutraliicc  each  other,  and  there  iii  no  circala- 
tion*  The  result  may  be  likened  to  what  would  be  produced  by  taking 
two  batteries,  each  of  20  cells,  and  connecting  them  in  oppodtioii  by 
joining  Bimilar  poles.  i 

The  problem  now  is  to  pick  up  these  dormant  currents  and  utilize 
their  force.  Its  solution  is  apparent  from  the  comparison  we  have  just 
made.  "To  collect  the  electric  current  firom  two  batteries  which  axe 
connected  together  m  oppositino,  it,  is  only  necessary  to  fasteu  con- 
ducting wires  to  the  two  points  of  contact  of  similar  poles,  when  the 
whole  force  of  the  batteries  will  flow  along  these  wires.  They  Trere 
hitherto  opposed,  tltey  now  flow  together,  quantity-wise,  M,  Gramme, 
m  the  second  portion  of  his  invention^  has  adopted  this  arti£ce  m  m 
ingenious  manuer. 

Fio.  4. 


The  various  sections  ot  the  continuous  electro-magnet  are 
nected  with  radial  pieces  of  copper  shown  at  R  in  Figs,  3,  4,  and  1 
insulated  one  from  the  other^  but  coming  very  close.    The  tennii 
of  one  coil  of  wire  and  the  commencement  of  the  adjacent  coil  i 
soldered  to  the  same  radial  connector,  of  which,  therefore,  there  are  i 
many  as  there  are  coils.     These  radial  connectors,  on  appro*cliii 
the  centre,  are  bent  at  right  angles,  as  shojrn  at  R,  Figs,  4  and  7,  \ 
pass  through  to  the  other  side,  where  their  ends  form  an  inner  < 
centric  circle,  being  still  insulated  one  from  the  other. 

The  frietion-pieces  F  (Figs.  4,  5,  and  6),  consisting  of  disks  of  c 
per,  arc  pressed,  by  means  of  stprings  shown  at  r  (Figs.  5  and  6),  s 
the  circle  formed  by  tlie  extremities  of  the  conducting  radii  R,  at  \ 
points  which  are  accurately  in  the  equatorial  line;  that  is  to  s^y, j 
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^Hbe  place  where  the  equal  and  ofiposcd  currents  generated  in  the 
^^ippcr  and  lower  halves  of  the  ring  neutralize  each  other.      Conse- 
quently the  cmrentB  are  collected  and  flow  together  along  condncling 
wires,  which  are  fastened  to  the  friction-pieces  F. 

The  perfect  continuity  of  the  current  bo  obtained  is  secured  by 

causing  the  friction-pieces  F  to  tonch  simultaneously  several  of  the 

dial  conductors  R ;  conssequently  the  metallic  circuit  is  never  broken, 

Fte.  6, 


Flo,  6. 


^ili  I  r^iU 


F 


The  effects  produced  by  these  machines  vary  with  the  rapidity  of 

station.     Experience  shows  that  the  electro-motive  force  is  sensibly 

'in  proportion  to  the  velocity ;  but  it  is  probable  that  this  force  tends 

toward  a  limitj  corresponding  to  a  particular  velocity,  beyond  which 

the   electromotive  force  would   remain  constant,  or  even  diminish* 

Moreover,  the  electromotive  force  is  greater  in  proportion  to  the  num- 

Fia.  T. 


er  of  coils  encircling  the  iron  ring,  but  the  relation  between  these 
two  quantities  has  not  yet  been  determined.  The  theoretical  resistance 
of  the  machine  should  be  ono-fourth  of  the  whole  resistance  of  the 
wire  wound  round  the  ring  armature ;  but  the  actual  resistance  is  not 
00  great,  smoe  each  friction-disk  always  touches  several  radii^  H^  oxid 
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tlie  resktanoe  of  the  coils  thus  embraced  hy  the  frictioii-diak  hta  to 
be  subtracted  from  the  resiBtance  of  the  circait 

The  possibility  of  auginenting  the  strength  of  the  current  by  in- 
creasing  the  dimensions  of  the  machine  is  too  obriouB  to  need  mor^ 
than  a  passing  allusion.    The  efiects  may  also  be  increased  by  eon* 
necting  together  several  such  machineSy  as  galvanic  piles  are  con- 
nected, either  for  intensity  or  quantity.     The  quality  of  the  current 
likewise  differs  according  to  the  kind  of  wire  Eurrounding  the  arma- 
ture, a  short  thick  wire  producing  effects  of  quantity,  and  a  long  thio 
wire,  of  intensity.     It  is  also  easy  to  see  that  two  horseshoe  magnetB^ 
instead  of  one,  may  be  made  to  act  on  one  ring  armature ;  that  is  to 
say,  it  may  be  actuated  by  four  poles  instead  of  two,  or  even  by» 
greater  number ;  always  having  a  friction-disk  between  each  pair  of 
poles*     Moreover,  the  permanent  horseshoe  magnet  may  be  replaced 
by  electro- magnets,  which  can  be  excited  by  a  portion  of  the  current 
derived  from  the  machine  itself,  according  to  the  now  well-known 
method.    At  the  beginning  of  rotation  the  residual  magnetism  of 
the^e  electro-magnets  will  induce  a  feeble  current  in  the  ring;  oDe*hiif 
of  this  passes  round  the  electro-magnets,  the  four  poles  of  which  reset 
on  the  armature.     Of  the  four  friction-pieces,  two  carry  half  the  al^ 
rent  to  excite  the  electro-magnets,  and  the  machine  rapidly  attains  tk 
maximum  effect.     From  conducting  wires  attached  to  the  other  two 
•friction-pieces  a  powerful  current  ia  available. 

A  machine  of  this  kind,  containing  two  horseshoe  elcctro-magnct?, 
one  for  exciting  and  the  other  for  the  exterior  current,  and  hanog. 
round  each  pole  7  kilos*  of  copper  wire  3  n^m.  diameter,  when  ^i^^^^| 
by  hand,  decomposes  water,  and  fuses  20  centims.  of  iron  wire  99V^| 
m.m,  in  diameter.  However  slowly  the  armature  is  rotated,  the  needkfl 
of  a  large  galvanometer  having  the  wire  only  once  rotmd  is  defi|^H 
and  the  effects  increase  in  intensity  as  the  velocity  of  rotatl^^^| 
creases,  up  to  a  maximum  of  700  or  600  turns  a  minute,  a  reloci^H 
which  ia  easily  obtained  when  steam  is  employed.  H 

Such  a  machine,  giving  an  absolute  continuous  current  of  elcctrJ^^ 
force  by  the  mere  turning  of  a  wheel,  is  of  value  outside  the  phpi^aH 
laboratory.  It  is  avaOable — ^(1)  for  medical  purposes;  (2)  for  td^^ 
raphy ;  (3)  for  electro-plating,  gilding,  etc. ;  (4)  for  military  purpoceii 
signalling,  explosions,  etc ;  (5)  for  chemical  decompositions  \  and  (Md 
for  electric  illumination.  ^| 

A  large  machine,  which  has  lately  been  exhibited  in  London^  driv^H 
by  a  2i-horRe-power  engine,  produced  a  light  equal  to  8,000  ctt|||^| 
a  copper  wire  about  1^  m.m.  in  thickness,  suspended  betwo^^^H 
poles,  became  instantly  red-hot  with  a  revolution  of  little  over  300^| 
a  minute.  Larger  machines  are  being  made  that  will  probably  g{t»^| 
light  equal  to  25,000  candles,  H 

This  machine  has  lately  been  examined  by  the  French  iSboM^I 
d^Mncmira^ement^  and,  in  accordance  with  the  recoramendiition  ofthH 
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Beporter,  Count  du  Moncelj  a  prize  of  3,000  francs  bas  been  awarded 
lor  it  to  M.  Gramme;  while  the  manager  of  the  "Alliance  Company" 
M.  Joseph  Van  Malderen,  who  superintended  its  nmnufaetnre,  has  had 
awarded  to  him  a  gold  meda!.  In  his  report,  Count  dii  Moncel  says 
that  a  machine  1.25  metre  in  height,  0.8  metre  long,  and  the  same  in 
width,  driven  by  a  4*horse  engine,  gave  a  light  equal  to  900  carcel- 
lamps.  It  also  heated  to  redness  two  juxtaposed  copper  wires  12 
metres  long  and  0.7  m.nu  diameter,  and  fused  an  iron  wire  2,5  metres 
long  and  1,3  m.m.  thick. 

The  constancy  of  direction  of  the  electric  current  generated  by 
this  machine  is,  however,  not  of  eo  great  an  importance  for  the  elec- 
tric light  as  for  other  purposes  for  which  it  may  be  used.  Indeed,  the 
electric  light  is  by  many  electricians  thought  to  be  superior  when  pro- 
duced by  a  magneto-electric  machine  of  the  old  form  without  any 
commutator.  The  alternate  reversal  of  the  currents  of  electricity  pro- 
duces no  flickering  or  irregularity  in  the  arc  of  light,  as  they  occur  far 
too  quickly  to  be  appreciated  by  tlie  eye,  while  the  rapid  reversal  of 
the  direction  causes  the  carbons  to  wear  away  with  great  regularity, 
thus  enabling  the  point  of  light  to  bo  kept  more  easily  in  the  focus. 

For  the  electro-deposition  of  metals-^copper,  silver,  etc.— constancy 
of  direction  of  current  is  indispensable,  and  here  the  experiments  show 
a  marked  superiority  of  the  Gramme  machine  over  other  magneto- 
electric  machines. 

In  the  galvanoplastic  works  of  M.  Christofle,  of  Paris,  where  ex- 
periments have  been  going  on  for  more  than  a  year,  it  is  found  that 
the  best  machine  hitherto  known,  when  moved  with  a  velocity  of  2,400 
revolutions  per  minute,  only  deposits  170  grammes  of  silver  per  hour; 
while  a  smaller  Gramme  machine  moved  with  a  velocity  of  300  reve- 
lations per  minute  deposits  200  grammes  of  silver  per  hour;  the  tem- 
perature of  the  annular  armature  not  exceeding  50*^  C,  with  a  velocity 
of  275  revolutions,  no  elevation  of  temperature  is  experienced.  It  will 
be  easily  comprehended  how  strongly  this  result,  obtained  with  a  speed 
of  rotation  eight  times  less  than  hitherto  required,  speaks  in  favor  of 
M.  Gramme's  invention.  Usually  at  M.  Christofle's  the  circuits  are 
arranged  to  deposit  600  grammes  of  silver  per  hour,  and  the  manager 
of  the  factory  finds  that  the  deposition  with  this  machine  takes  place 
with  a  regularity  and  constancy  which  leaves  nothing  to  be  desired, 
and  which  cannot  be  obtained  by  using  any  other  source  of  electricity. 

Recently,  the  electric  light  generated  by  a  Gramme  machine  has 

ibeen  exhibited  on  the  Victoria  Tower  of  the  Houses  of  Parliament. 
The  machine  is  placed  in  the  vaults  of  the  House  of  Commons,  near  to 
the  boilers,  and  is  worked  by  a  small  engine,  which  was  already  there, 
j  and  was  convenient  for  the  purpose.  From  the  machine  two  copper 
I  wires,  half  an  inch  diameter,  are  led  along  the  vaults  to  the  base  of 
I  the  clock-tower,  and  thence  upward  to  the  sign  ailing -point,  a  total 
I     length  of  nearly  900  feet,  being  about  three  times  the  distance  that  an 
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electric  current  baa  ever  before  been  coiidQCted  for  a  simDar  puri^OKe. 
The  eigDalling  apparatus  is  placcjd  in  a  lantern  five  feet  bigh,  four  i\xi 
wide,  and  having  a  semicircular  glazed  front,  which  projects  from 
lantern  of  the  belfry  on  the  north  side  of  the  tower,  or  that  overlool 
the  Victoria  Embankment.  It  consists — first,  of  a  fixed  table,  in  wlii< 
is  inserted  a  fiat  brass  ring  16  inches  diameter  and  one  inch  broa( 
which  serves  as  a  rollor-path  for  the  apparatus  carrying  the  lamp 
reflector ;  next,  there  is  a  circular  revolving  table,  having  bearings 
the  roller-path,  and  which  is  moved  around  a  central  pivot  projecti 
from  the  fixed  table,  being  actuated  by  a  worm  wheel  and  screw.  By 
means  of  this  arrangement  the  light  can  be  directed  horizontally  &om 
side  to  side  through  an  arc  of  ldO°«  It  could,  of  course,  be  made  to 
sweep  the  whole  of  the  horizon,  but  the  position  of  the  lantern 
regard  to  the  clock-tower  is  such  as  to  enable  the  light  to  be 
through  the  range  of  a  semicircle  only*  Upon  the  revolving  table, 
and  hinged  to  it  at  the  front,  is  the  elevating  table,  which  has  a  screw 
adjuftinent  to  the  rear  by  which  the  light  can  be  raised  or  depressed, 
being  capable  of  vertical  training  through  an  arc  of  25°.  On  the 
Tator  is  placed  the  lamp-table,  upon  which  again  is  a  sliding  platfoi 
on  which  the  lamps  themselves  stand.  There  are  two  lamps,  which 
are  in  use  alternately,  the  carbon-points  lasting  bnt  four  hours,  whil« 
the  House  frequently  sits  for  ten. 

The  copper  conductors  terminate  at  the  fixed  part  of  the  machine, 
and  the  method  of  carrying  the  current  from  them  to  the  lamp*  i» 
very  ingenious,  the  moving  parts  of  the  apparatus  forming  in  them- 
selves  conductors.  The  negative  conductor  is  placed  in  metallie  coii* 
tact  with  one  hinge  of  the  elevator-table  through  the  centre-pin  on 
which  the  table  revolves,  and  the  positive  conductor  with  the  other 
hinge  by  means  of  the  brass  roller-path.  The  currents  from^MM 
points  are  conducted  to  the  lamp-table,  and  thence  throu^^l 
traversing  platform  to  the  lamps,  metallic  contact  being  obtainfl 
throughout  the  whole  circuit  by  means  of  flat  springs  moving  o/tm 
flat  surfaces.  The  changing  of  the  lamps  is  eflected,  without  any  M 
preciable  break  of  continuity  in  the  Hght,  by  means  of  the  travend 
platform  on  which  they  stand,  and  which  has  a  sliding  motion  frdl 
side  to  side.  When  the  carbon-points  in  one  lamp  are  nearly  cm 
sumed,  the  traverser  is  quickly  shifted  from  right  to  left,  or  vice  row 
as  may  be  necessary.  The  break  of  contact  is  but  momentary,  ifl 
only  exists  during  the  time  required  to  move  the  traverser  rapiJl 
through  a  space  of  six  inches.  The  light  will  not  become  extinct  ^1 
ing  that  period,  as  there  is  not  sufficient  time  to  allow  the  incantH 
cence  of  the  carbon. to  entirely  subside*  The  springs  under  the  bll 
thrown  out  of  use  are  by  this  action  removed  from  the  metal  ptat«j| 
the  lamp-table,  and  the  springs  under  the  fresh  lamp  are  brongbl  ifl 
contact,  and  the  light  is  at  once  produced  anew.  ■ 

The  intensifying  apparatus  at  present  in  ua©  is  a  holophole  lent  fl 
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lessrs.  Chance,  and  through  which  the  rays  are  sent  iii  parallel  lines. 
It  is  21  mohea  in  diameter,  and  is  composed  of  lenses,  Biirrounded  by 
unnalar  priBms,  the  centre  part  refracting  the  rays  and  the  outer  rings 
reflecting  tbeni.  Should  the  electric  light  be  adopted,  a  special  lens 
will  be  constructed,  by  means  of  which  the  rays  will  be  diffused 
through  an  arc  of  180%  instead  of  being  gent  in  one  direction  only. 

te  cost  of  this  electric  light  is  at  present  estimated  at  lOf/.  per  hour* 
It  may  be  of  interest  if  we  consider  some  matters  of  scientific  in- 
est  IB  connection  with  this  machine.  In  the  first  place,  it  possesses 
an  enonnoQS  advantage  over  the  voltaic  battery  in  the  absolute  con- 
stancy of  the  current  so  long  as  the  velocity  of  rotation  is  uniform. 
In  an  experiment  carried  on  for  eight  hours  with  one  of  the  first  ma- 
chines constructed,  the  deviation  of  the  needle  of  a  galvanometer  was 
absolutely  invariable.     Again,  a  voltaic  battery  is  a  complicated  piece 

t  apparatus ;  for  each  element  consists  of  four  separate  solid  pieces 
^e  outer  cell»  the  porous  cell,  the  positive  and  the  negative  element) 
d  two  liquids,  while  in  most  experiments  a  considerable  number  of 
l>att€ries  is  required.  From  this  multiplicity  of  parts  a  voltaic  bat* 
Eery  is  subject  to  many  accidental  derangements,  which  are  likely  to 
•re^ken  if  not  destroy  its  power.  With  the  magneto^lectric  machine 
there  is  no  complication.  All  the  parts  are  solidly  connected  together, 
md  no  special  care  is  required. 

It  must  also  be  remembered  that  a  powerful  voltaic  battery  costs 
dmofit  as  much  when  it  is  at  rest  as  when  in  action.     The  magneto- 
dectric  machine,  on  the  contrary,  costs  nothing  when  it  is  not  pro- 
dacLDg  an  external  current.     This  may  be  ^iiidtrstood  in  two  senses. 
It  18,  of  course,  evident  that,  when  no  current  is  required,  the  rotation 
of  the  machine  may  be  stopped;  but  it  is  a  remarkable  fact  that,  even 
when  rotation  of  the  armature  is  still  going  on,  qo  mechanical  force  is 
expended  except  that  necessary  to  overcome  friction,  provided  the  ex- 
terior current  does  not  flow.     To  imderstand  this,  let  us  examine  a 
little  more  closely  into  the  working  of  the  machine.     In  the  first  place, 
bpoae  the  machine  to  be  in  rapid  movement,  and  furnishing  a  cur- 
,  m  an  exterior  circuit,  it  will  be  observed  that  the  armature  does 
f  get  hot;  from  this  it  maybe  concluded  that  all  the  mechanical 
ce  transmitted  to  the  machine  is  converted  into  electricity,  since 
ne  is  changed  to  heat.     In  the  next  place,  the  machine  continuing 
I  revolve  with  the  same  speed,  suppose  the  exterior  circuit  to  be 
»ken ;  still  the  machine  does  not  rise  in  temperature,  showing  that 
in  this  case  there  is  neither  production  of  heat  nor  electricity,  and  con- 

kently  no  waste  of  meclianical  force.     From  the  way  in  which  the 
mXM  in  the  armature  are  generated,  when  there  is  no  exterior  clr- 
bint  along  which  they  can  flow,  they  neutralize  one  another,  and  keep 
perfect  equilibrium  that  there  is  absolutely  no  circulation,  and 
{uently  no  heating. 
Llf  the  Gramme  machine  is  set  in  motion  by  a  force  just  sufficient 
vou  J 11. — 88 
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to  tarn  it  with  a  definite  velocity  when  the  exterior  curreot  is  flowing, 
and,  if  the  outer  circuit  is  guddenly  broken,  the  machine  is  seen  to  ao 
qnire  an  Increasing  velocity,  showing  that  the  mechamcal  forc^  applied 
to  it,  being  no  longer  capable  of  going  off  as  electricity,  spends  itMli 
then  in  aagmenting  the  velocity  of  the  moving  parte  of  the  machine. 

On  the  other  hand,  if  the  machine  is  kept  at  a  certain  speed  of 
revolution  while  the  outer  circuit  is  broken,  and  the  circuit  is  tluai 
suddenly  closed,  the  speed  instantly  diminishes,  showing  that  a  par 
tion  of  the  force  turning  the  machine  changes  into  electricity. 

These  experiments  show  that,  whether  the  machine  be  active  or 
passive,  there  exists  always  a  state  of  equilibrium  between  the  ex- 
penditure of  mechanical  force  and  the  production  of  electricity.— 
Qkiarterly  Journal  of  Science, 
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Bt  hehbert  spenceb. 

XIV* — Ptepanxtion  in  Biolog^y, 

THE  parable  of  the  sower  has  its  application  to  the  progress  of 
Science.  Time  after  time  new  ideas  are  sown  and  do  not  gfrnii- 
nate,  or,  having  germinated,  die  for  lack  of  fit  environments,  before 
they  are  at  last  sown  under  such  conditions  as  to  take  root  and  floarisk 
Among  other  instances  of  this,  one  is  supplied  by  the  history 
truth  here  to  be  dwelt  on — the  dependence  of  Sociology  on  Biol 
Even  limiting  the  search  to  our  own  society,  we  may  trace  back 
idea  nearly  three  centuries.  In  the  first  book  of  Hooker's  **  Ecd^ 
cal  Polity,**  it  is  enunciated  as  clearly  as  the  state  of  knowledge  in  bil 
age  made  possible — more  clearly,  indeed,  than  was  to  be  expected  in 
an  age  when  science  and  scientific  ways  of  thinking  had  advanced  w 
little.  Along  with  the  general  notion  of  natural  law — along,  too,  with 
the  admission  that  human  actions,  resulting  as  they  do  from  desirti 
guided  by  knowledge,  also  in  a  sense  conform  to  law — there  is  a  reoog* 
nition  of  the  fact  that  the  formation  of  societies  is  determined  hy  th« 
attributes  of  individuals,  and  that  the  growth  of  a  governmental  o^ 
ganization  follows  from  the  natures  of  the  men  who  have  assoeiai«4 
themselves  the  better  to  satisfy  their  needs.  Entangled  though  thi» 
doctrine  is  with  a  theological  doctrine,  through  the  restraints  d 
which  it  has  to  break,  it  is  expressed  with  considerable  oli 
there  needs  but  better  definition  and  further  development  to 
truly  scientific. 

Among  reappearances  of  this  thought  in  subsequent  Engli 
era,  I  will  here  name  only  one,  wliich  I  happen  to  have  ob: 
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Essay  on  the  History  of  Civil  Society,"  poblisbed  a  century  ago 
►r.  Adam  Fergusou.     In  it  the  first  part  treats  *' Of  the  General 
acterifltics  of  Human  Nature."     Section  I.,  pointing  out  the  oni- 
Uily  of  the  gregarious  tendency,  the  dependence  of  this  on  certain 
Uons  and  antagonisms,  and  the  infiuencea  of  memory,  foresight, 
Bage,  and  communicativeness,  alleges  that  *'  these  facts  must  be 
otted  as  the  foundation  of  all  our  reasoning  rtilative  to  man." 
Igh  the  way  in  which  social  phenomena  arise  out  of  the  phenom- 
>f  individual  human  nature  is  seen  in  but  a  general  and  vague 
,  yet  it  IB  seen — there  is  a  conception  of  causal  relation, 
tefore  this  conce|jftion  could  assume  a  definite  form,  it  was  neces- 
both  that  scientific  knowledge  ahoidd  become  more  comprehen- 
tod  precise,  and  that  the  scientific  spirit  should  be  strengthened, 
I.  Comte,  living  when  these  conditions  were  fulfilled^  is  due  the 
it  of  having  set  forth  with  comparative  definiteness  the  connec- 
between  the  Science  of  Life  and  the  Science  of  Society,     He  saw 
ly  that  the  facts  presented  by  masses  of  associated  men  are  facts 
e  same  order  as  those  presented  by  groups  of  gregarious  creatures 
ferior  kinds ;  and  that  in  the  one  case,  as  in  the  other,  the  indi- 
li%  must  be  studied  before  the  assemblages  can  he  understbod. 
lerefore  placed  Biology  before  Sociology  in  his  classification  of 
^H^es.      Biological   preparation  for  sociological   study  he  re- 
PBw  needful,  not  only  for  the  reason  that  the  phenomena  of  cor- 
fe  life^  arising  out  of  the  phenomena  of  individual  life,  can  be 
■y  coordinated  only  nftcr  the  phenomena  of  individual  life  have 
■rightly  coordinated,  but  also  for  the  reason  that  the  methods  of 
fcy  which  Biology  uses  are  methods  to  be  used  by  Sociology.     In 
kft  ways,  which  it  would  take  too  much  space  here  to  specify,  he 
pse  this  dependence  very  satisfactorily.     It  may,  indeed,  be  con- 
■3  that  certain  of  his  other  beliefs  prevented  him  from  seeing  all 
■3 plications  of  this  dependence.     When^  for  instance,  he  speaks 
ne  intellectual  anarchy  which  is  the  main  source  of  our  moral 
hiy  ^^ — when  he  thus  discloses  the  ftiith  pervading  his  "Course  of 
pve  Philo^ophy,'^  that  true  theory  woidd  bring  right  practice — it 
■ie8  clear  that  the  relation  between  the  attributes  of  citizens  and 
Benomena  of  societies  is  incorrectly  seen  by  him  :  the  relation  is 
Kd  deep  a  one  to  be  changed  by  mere  change  of  ideas.     Again, 
B^t  *^  ^^  ^^*^s  ^^®  indelinite  modifiability  of  species,  he  almost 
■M  one  of  the  cardinal  truths  which  Biology  yields  to  Sociology — 
■Kh  without  which  sociological  interpretations  must  go  wrong. 
Kb  he  admits  a  certain  modifiability  of  Man,  both  emotionally 
ftiicllectually,  yet  the  dogma  of  the  fixity  of  species,  to  which  he 
■edf  kept  his  conceptions  of  individual  and  social  change  within 
K  much  too  specific.     Hence  arose,  among  other  erroneous  pre- 
KiUoDS,  this  eerious  one,  that  the  dilfererit  forms  of  society,  pre- 
Bl  by  Mvage  and  civilized  races  all  over  the  globe,  are  but  difier- 
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ent  stages  in  the  evolution  of  one  form :  the  truth  being,  rather,  tbat 
social  types,  like  types  of  individual  organisms,  do  not  form  a  serii^ 
but  are  classifiable  only  in  divergent  and  redivergent  groups,     Kor 
did  he  arrive  at  that  conception  of  the  Social  Science  by  which  alow 
it  becomes  fully  affiliated  upon  the  simpler  sciences — the  conceptioo 
of  it  as  an  account  of  the  most  complex  forms  of  that  contiuuoQS  r^ 
distribution  of  matter  and  motion  which  is  going  on   universally. 
Only  when  it  is  seen  that  the  transformations  passed  through^  duiiag 
the  growth,  maturity,  and  decay  of  a  society,  conform  to  the  sasii 
principles  as  do  the  transformations  passed  through  by  n  l 
all  orders,  inorganic  and  organic — ^only  when  it  is  seen  i 
eess  is  in  all  cases  similarly  determined  by  forces,  and  is  not  scieotifi- 
cally  interpreted  until  it  is  expressed  in  tenus  of  those  force        • 
then  is  there  reached  the  conception  of  Sociology  as  a  science 
complete  meaning  of  the  word* 

Nevertheless,  we  must  not  overlook  the  greatness  of  the  step  maSe 
by  M*  Comte.  His  mode  of  contemplating  the  facts  was  truly  pliiio- 
sophicah  Containing,  along  with  special  views  not  t^  be  ad  ' 
many  thoughts  that  are  true  as  well  as  large  and  suggestive, 
troduotory  chapters  to  his  **  Sociology  '*  show  a  breadth  and  depth  of 
conception  beyond  any  previously  reached.  Apart  from  the  tenabJlify 
of  his  sociological  doctrmes,  his  way  of  conceiving  social  phenoxDcia 
was  much  superior  to  all  previous  ways ;  and  among  other  of  ite  lO* 
periorities,  was  this  recognition  of  the  dependence  of  Sociology  on 
Biology. 

Here  leaving  the  history  of  this  idea,  let  us  turn  to  the  idea  it^tt 
There  are  two  independent  and  equally-important  ways  in  which  th«« 
sciences  are  connected.  In  the  first  place,  all  social  actions  being 
determined  by  the  actions  of  individuals,  and  all  actions  of  individuils 
being  vital  actions  that  conform  to  the  laws  of  life  at  large,  a  rationiJ 
interpretation  of  all  social  actions  implies  knowledge  of  the  laws  of 
life.  In  the  second  place,  a  society  as  a  whole,  considered  apart  from 
its  living  units,  presents  phenomena  of  growth,  structure,  and  func- 
tion, like  those  of  gro^i^h,  structxire,  and  function  in  an  indivi^loil 
body;  and  these  last  are  needful  keys  to  the  first.  We  will  htm 
with  this  analogical  counection. 

Figures  of  speech,  which  very  often  mislead  by  conveying  l^ 

notion  of  complete  likeness  where  ouly  distant  analogy  eiis Us  occa- 
sionally mislead  by  making  an  actual  correspondence  seem  %  fitoofa 
A  metaphor,  when  used  to  express  a  real  resemblance,  raises  a  fltfl 
picion  of  mere  imaginary  resemblance,  and  so  obscures  the  perc^prfW 
of  intrinsic  kinship.  It  is  thus  with  the  phrases  **body  politic,'*  "pw 
Hticai  organization,'*  and  others,  which  tacitly  liken  a  society  to  » 
living  creature :  they  are  assumed  to  be  phrases  having  a  cert^iifl  ^^^Stm 
venieuce  but  expressing  no  fact — tending  rather  to  foster  a  ficti« 
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And  yet  metaphors  are  here  more  than  metaphors  in  the  ordinary 
sense.  They  are  devices  of  speech  hit  upon  to  suggest  a  truth  at  first 
^ply  perceived,  but  which  grows  clearer  the  more  carefully  the  evi* 
Hpce  ia  examined.  That  there  is  a  real  analogy  between  an  individual 
Bganism  and  a  social  organism  becomes  undeniable,  when  certain 
^fcesfeities  determining  structure  are  seen  to  govern  them  in  common. 
Mutual  dependence  of  parts  is  that  which  initiates  and  guides  or- 
ganization of  every  kind.  So  long  as,  in  a  mass  of  living  matter,  all 
parts  are  alike,  and  all  parts  similarly  live  and  grow  wit  bout  aid  from 
one  another,  there  is  no  organization :  the  unditlerentiated  aggregate 
j£  protoplasm  thus  characterized  belongs  to  the  lowest  grade  of  liv- 
^K  things,  Withont  distinct  faculties,  and  capable  of  but  the  feeblest 
"Biovement,  it  cannot  adjust  itself  to  circumstances,  and  is  at  the 
aaerey  of  environing  destructive  actions.  The  changes  by  which  this 
^tuctureless  mass  becomes  a  structured  mass,  having  the  characters 
^Kd  powers  possessed  by  what  we  call  an  organism^  are  changes 
^pough  which  its  parts  lose  their  original  likenesses,  and  do  this  while 
assuming  the  unlike  kinds  of  activity  for  which  their  rcspectiA^e  posi- 

tns  toward  one  another  and  surrounding  thitigs  fit  them.  These 
ferences  of  function,  and  conseciuent  diflerences  of  structure,  at  hrst 
bly  marked,  slight  in  degree,  and  few  in  kind,  become,  as  organi* 
Efttion  progresses,  definite  and  numerous  J  and  in  proportion  as  they 
do  this  the  requirements  are  better  met.  Now,  structural  traits,  ex- 
essible  in  the  same  language,  distinguish  lower  and  higher  types  of 
cieties  from  one  another;  and  distinguish  the  earlier  stages  of  each 
Diety  from  the  later.  Primitive  tribes  show  no  established  contrasts 
f  parts.  At  first  all  men  carry  on  the  same  kinds  of  activities,  with 
I  dependence  on  one  another,  or  but  occasional  dependence.  There 
aot  even  a  settled  chieftain  ship  •  and  only  in  times  of  war  is  there  a 
>ntaneous  and  temporary  subardination  to  those  who  ehow  them* 
Ires  the  beet  leaders.  From  the  small  nn formed  social  aggregates 
99  characterized,  the  progress  is  toward  social  aggregates  of  in- 
cased size,  the  parts  of  which  acquis  un likenesses  that  become  ever 
pater,  moro  definite,  and  more  mnltitudinous.  The  units  of  the 
Biety  as  it  evolves  fall  into  different  orders  of  activities,  determined 
differences  in  their  local  conditions  or  their  individual  powers; 
and  there  slowly  result  permanent  social  structures,  of  which  the  pri- 
mary ones  become  decided  while  they  are  being  complicated  by  sec- 
cmdary  ones,  growing  in  their  turns  decided,  and  bo  on,  ■ 

Even  were  this  all,  the  analogy  would  be  suggestive  j  bnt  it  ia  not 
alL  These  two  metamorphoses  have  a  cause  in  common.  Beginning 
with  an  animal  composed  of  like  parts,  severally  living  by  and  for  them- 
eelves,  on  what  condition  only  can  there  be  established  a  change,  such 

iat  one  part  comes  to  perform  one  kind  of  function,  and  another  part 
(^therkind?  Evidently  each  part  can  abandon  that  original  state 
Which  it  fulfilled  for  itself  all  vital  needs,  and  can  assume  a  state  in 
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wbich  it  fulfils  in  excess  some  single  Tital  need,  only  if  its  other  Tf| 
needs  are  fulfilled  for  it  by  other  parts  that  ha^e  meanwhile  und«^ 
taken  other  special  activities.     One  portion  of  a  living  aggregate  can- 
not devote  itself  exclusivelv  to  the  respiratory  function,  and  cease  lo 
get  nutriment  for  itself,  unless  other  portions,  that  have  become  ei- 
clusively  occupied  in  absorbing  nutriment,  give  it  a  due  supply.   Thtt 
is  to  say,  there  must  be  exchange  of  services.     Organization  in  an  ia- 
dividual  creature  is  made  possible  only  by  dependence  of  each  part  on 
all,  and  of  all  on  each.     Now,  this  is  obviously  true  also  of  social 
organization.     A  member  of  a  primitive  society  cannot  devote  himiklf 
to  an  order  of  activity  which  satisfies  one  only  of  his  ]>ersonal  wants 
thus  ceasing  the  activities  required  for  satisfying  his  other  personal 
wants,  unless  those,  for  whose  benefit  he  carries  on  his  special  aclivitj 
in  excess,  supply  him  with  the  benefits  of  their  special  activities.    If 
he  makes  weapons  instead  of  continuing  a  hunter,  he  must  be  supplied 
with  the  produce  of  the  chase  on  condition  that  the  hunters  are  &«; 
with  his  weapons.     If  ho  becomes  a  cultivator  of  the  soil,  nu  \    _ 
defending  himself  then  he  must  be  defended  by  those  who  have  beootne 
specialized  defenders.     That  is  to  say,  mutual  dependence  of  parti  if 
essential  for  the  commencement  and  advance  of  social  organization,  at 
it  is  for  the  commencement  and  advance  of  individual  organization* 

Even  were  there  no  more  to  be  pointed  out,  it  would  be  ckif 
enough  that  we  are  not  here  dealing  with  a  figurative  resemblaacc, 
but  with  a  fundamental  parallelism  in  principles  of  structure,  ^fbm 
have  but  just  begun  to  explore  the  analogy,  however.  The  fiirtltcrlH 
inquire,  the  closer  we  find  it  to  be.  For  what,  let  us  ask,  is  implied  bfl 
mutual  dependence — by  exchange  of  services  ?  There  is  implied  wam 
mode  of  comjnunicalion  between  mutually-dependent  parts.  P*rt*  J 
that  perform  functions  for  one  anotljer's  benefit  roust  have  applisacci  1 
for  conveying  to  one  another  the  products  of  their  respective  fiiafr  I 
tions,  or  for  giving  to  one  another  the  benefits  (when  these  an*  wrt  I 
material  products)  which  their  respective  functions  achieve*  Aad  ob^  1 
viously,  in  proportion  as  the  organization  becomes  high,  the  appliinciij 
for  carrying  on  the  intercourse  must  become  involved.  This  wt  fi^H 
to  hold  in  both  cases.  In  the  lowest  t3rpes  of  individual  orgaabdB 
the  exchange  of  services  between  the  slightly-dificrentiated  paJtsS 
effected  in  a  slow,  vague,  inuflicient  way,  by  an  irregular  diifUirion  ^| 
the  nutrient  matters  jointly  elaborated,  and  by  an  irregular  pt^pagW 
tion  of  feeble  stimuli,  causing  a  rude  coordination  in  the  actions  of  thfl 
parts.     It  is  thus,  also,  with  small  and  simple  social  aggnrL  ^*^ 

definite  arrangements  for  interchanging  services  exists  bi:  M 

definite  ones.  Barter  of  products — food,  skins,  weapons,  or  what  noI'M 
takes  place  irregularly  between  individual  producers  and  eonsQiBtlH 
throughout  the  whole  social  body:  there  is  no  trading  or  distllb«ki^| 
system,  as,  in  the  rudimentary  animal,  there  is  no  vascular  syrt^siliri 
So,  too,  the  social  organism  of  low  type,  like  the  Individ ujil  org^H 
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type,  has  no  appliances  for  combining  the  actions  of  its  remoter 
When  coiiperation  of  tlicm  against  an  enemy  is  called  for, 
15  nothing  but  the  spread  of  an  alarm  from  man  to  man  through- 
at  the  scattered  population;  just  as,  in  an  nndeveloped  kind  of  ani- 
mal, there  is  merely  a  slow,  undirected  diifttsion  of  stimnlus  from  one 
point  to  all  others.  In  either  case^  the  evolution  of  a  larger,  more 
^mplejc,  more  active  organism,  implies  an  increasiogly-efficieni  set  of 
B^Qcies  for  conveying  from  part  to  part  the  material  prodnets  of  the 
respective  parts,  and  an  increasingly-efficient  set  of  agencies  for  mak- 
ing the  parts  cooperate,  so  that  the  times  and  amounts  of  their  activi- 
ties may  be  kept  in  fit  relations.  And  this  is  what  we  find*  In  the 
individual  organism,  as  it  advances  to  a  high  structure,  no  matter  of 
what  class,  there  arises  an  elaborate  system  of  channels  through  which 
the  common  stock  of  nutritive  matters  (here  added  to  by  absorption, 
there  changed  by  secretion,  in  this  place  purified  by  excretion,  and  in 
another  modified  by  exchange  of  gases)  is  distributed  throughout  the 
body  for  the  teeding  of  the  various  parts,  severally  occupied  in  their 
special  actions;  while  in  the  social  organism,  as  it  advances  to  a  high 
structure,  no  matter  of  what  political  type,  there  develops  an  extensive 
And  complicated  trading  organization  for  the  distribution  of  coramodi- 

e,  which,  sending  its  heterogeneous  cuixents  through  the  kingdom 
channels  that  end  in  retailers'  shops,  brings  withio  reach  of  each 
«n  the  necessaries  and  luxuries  that  have  been  produced  by  others, 
while  he  has  been  producing  his  commodity  or  small  part  of  a  com- 
modity, or  performing  some  other  function  or  small  part  of  a  function, 
beneficial  to  the  rest.  Similarly,  development  of  the  individual  organ- 
inn,  be  its  class  what  it  may,  is  always  accompanied  by  development 
of  a  nervous  system  which  renders  the  combined  actions  of  the  parts 
prompt  and  duly  proportioned,  so  making  possible  the  adjustments 
required  for  meeting  the  varying  contingencies ;  while  along  with 
^velopment  of  the  social  organism  there  always  goes  development  of 
Brcctive  centres,  general  and  local,  with  established  arrangements  for 
mterchanging  information  and  instigation,  serving  to  adjust  the  rates 
lad  kinds  of  activities  going  on  in  dilierent  parts. 

Now,  if  there  exists  this  fundamental  kinship,  there  can  he  no 
■ttional  apprehension  of  the  truths  of  Sociology  until  there  has  been 
^pched  a  rational  apprehension  of  the  truths  of  Biology,  The  services 
Htbe  two  sciences  are,  indeed,  reciprocal  We  have  hut  to  glance 
^ick  at  its  progress,  to  see  that  Biology  owes  the  cardinal  idea,  on 
which  we  have  been  dwelling,  to  Sociology ;  and  that,  having  derived 
^ItroBi  Sociology  this  explanation  of  development,  it  gives  it  back  to 
Soctalogy  greatly  increased  in  defiuiteness,  enriched  by  multitudinous 
iUivitrations,  and  fit  for  extension  in  new  directions.  The  luminous 
ifiOOOeptioD  first  enunciated  by  one  whom  we  may  claim  as  our  coun- 
trynuin  by  blood,  though  French  by  birth,  M.  Milne-Edwards — the 
OODception  of  "the  physiological  division  of  labor" — ^obviously  origi- 
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nates  from  the  generaUzatloii  previoasly  reached  in  Political  Ecoo- 
otny.     Recognition  of  the  advantages  gained  by  a  society  when  differ- 
ent groups  of  its  members  devote  themselves  to  different  indost: 
for  which  they  acquire  special  aptitudes  and  surround  themselves 
speciiil  facilities,  led  to  recognition  of  the  advantages  which  an 
vidual  organism  gains  when  parts  of  it,  originally  alike  and  having 
like  activities,  divide  these  activities  among  them;  so  that  each,  taking  % 
special  kiud  of  activity,  acquires  a  special  fitness  for  it.    But  now  note 
that,  when  carried  from  Sociology  to  Biology,  this  conception  was  fortb* 
with  gnaily  expanded.      Instead  of  being  limited  to  the  functions  in- 
cluded in  niitritioa>  it  was  found  applicable  to  all  functions  whatever. 
It  turned  out  that  the  arrangements  of  the  entire  organism,  and  not 
of  the  viscera  alone,  conform  to  this  fundamental  principle — even  the 
differences  arising  among  the  limbs,  originally  alike,  were  soon  to  be 
interpretable  by  it.     And  then  mark  that  the  idea,  thus  developed 
into  an  all-embnicing  truth  in  Biology,  comes  back  to  Sociology  ready 
to  be  for  it,  too,  an  all-erabracbig  truth.     For  it  now  becomes  mani- 
fest that  not  to  industrial  arrangements  only  does  the  principle  of  the 
division  of  labor  apply,  but  to  social  arrangements  in  general.    The 
progress  of  organijeation,  from  that  first  step  by  which  there  arose  » 
controlling  chief,  partially  distinguished  by  his  actions  from  those 
controlled,  has  been  everywhere  the  same.     Be  it  in  the  growth  of  a 
regulative  class  more  or  less  marked  off  from  classes  regulated — be  il 
in  the  partings  of  this  regulative  class  into  political,  ecclesiastical, 
etc, — be  it  in  those  distinctions  of  duties  within  each  class  which  are 
signified  by  gradations  of  rank — we  may  trace  everywhere  that  fun- 
damental law  shown  us  by  indastrial  organization.     And,  when  we 
have  once  adequately  grasped  this  truth  which  Biology  borrows  from 
Sociology  and  returns  with  vast  interest,  the  aggregate  of  phenomeai 
which  a  society  at  any  moment  presents,  as  well  as  the  series  of  d€fTd- 
opmental  changes  through  which  it  has  risen  to  them,  become  suddenly 
illuminated,  and  the  rationah  comparatively  clear. 

After  a  recognition  of  this  fundamental  kinship  there  can  be  nfi 
difficulty  in  seeing  how  important,  as  an  introduction  to  the  study  of 
social  life,  is  a  familiarisation  with  the  truths  of  individual  lifa  For 
individual  life,  while  showing  us  this  division  of  labor,  this  eichiog* 
of  services,  in  many  and  varied  ways,  shows  it  in  ways  eaeily  trseed; 
because  the  structures  and  functions  are  presented  in  direct ly-pc^ 
ceivable  forms.  And  only  when  multitudinous  biological  example 
have  stamped  on  the  mind  the  conception  of  a  growing  interdep^^ 
ence  that  goes  along  with  a  growing  specialization,  and  have  tha§  vM 
duced  a  habit  of  thought,  will  its  sociological  applications  be  doH 
appreciated.  \ 


Turn  we  now  from  the  indirect  influence  which  Biology  eic 
Sociology,  by  supplying  it  with  rational  conceptions  of  social  def 
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Lnd  organizatioD,  to  the  direct  influences  it  exerts  by  famishing 
wqnaie  theory  of  tlse  social  unit — Man.    For,  while  Biology  is 
Itely  connected  witfc  Sociology  by  a  certain  parallelism  between 
roups  of  phenomena  they  deal  with,  it  is  inamodiately  cotinected 
Sociology  by  having  within  its  limits  this  creature  whose  proper- 
Hginate  social  evolution.     The  hnnian  being  is  at  once  the  termi- 
(oblem  of  Biology  and  the  initial  factor  of  Sociology. 
[Man  were  uniform  and  unchangeable,  so  that  those  attributea 
A  which  lead  to  social  phenomena  could  be  learned  and  dealt 
m  constant,  it  would  not  much  concern  the  sociologist  to  make 
if  master  of  other  biological  truths  than  those  cardinal  ones 
I  dwelt  upon.     But,  since,  in  common  with  every  other  creature, 
b  modifiable^— since  his  modifications,  like  those  of  every  other 
Ire,  are  ultimately  determined  by  surrounding  conditions — and 
■nrroundlng  conditions  are  in  part  constituted  by  social  arrange- 
I — it  becomes  requisite  that  the  sociologist  should  acqujiint  him- 
ith  the  laws  of  modification  to  which  organized  beings  in  gen- 
nform*     Xlnlees  he  does  this  he  must  continually  err,  both  in 
it  and  deed.     As  thinker,  he  will  fail  to  understand  the  con- 
action  and  reaction  of  institutions  and  character,  each  slowly 
ing  the  other  through  successive  generations.     As  actor,  his 
.    nee  of  this  or  that  public  policy,  being  un guided  by  a  true 
w  of  the  efiTects  wrought  on  citizens,  will  probably  be  miscbievoue 
k  than  beneicial ;  since  there  are  more  ways  of  going  wrong  than 
fog  right     How  needful  is  enlightenment  on  this  point  will  be 
bn  remembering  that  scarcely  anywhere  is  attention  given  to 
edifications  which  a  new  agency,  political  or  other,  will  produce 
ti*fi  natures.     Immediate  influence  on  actions  is  alone  contem- 
,  and  the  immeasurably  more  important  influence  on  the  bodies 
ndfl  of  future  geueratious  is  wholly  ignored. 
the  biological  truths  which  should  check  this  random  political 
tion  and  rash  political  action  are  conspicuous,  aud  mighty  one 
have  thought,  have  been  recognized  by  every  one,  even  without 
preparation  in  Biology.    That  faculties  and  powers  of  all  orders, 
hey  grow  by  exercise,  dwindle  when  not  used,  and  that  altera* 
f  nature  descend  to  posterity,  arc  facts  continually  thrust  on 
attention,  and  more  or  less  admitted  by  alL     Though  the  evi- 
jrf  heredity,  when  looked  at  in  detail,  seems  obscure,  because 
]]lliltitudinous  differences  of  parents  and  of  ancestors,  which  aU 
ieir  varying  shares  in  each  new  product,  yet,  when  looked  at 
I  mass,  the  evidence  is  overwhelming.     Not  to  dwell  on  the 
ess  proofs  furnished  by  domesticated  animals  of  many  kinds  as 
ed  by  breeders,  the  proofs  furnished  by  the  human  races  them- 
are  amply  suflicient.     That  each  variety  of  man  goes  on  so  re- 
plug itself  that  adjacent  generations  are  nearly  alike,  however 
fiable  may  sometimes  be  the  divergence  in  a  long  series  of  gea- 
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erations,  is  undeniable,  Cbinefle  are  recognizable  aa  Chineae  in  wliat- 
OTer  part  of  the  globe  we  see  them ;  every  one  asatime^  a  black  aa- 
cestry  for  any  negro  he  meets;  and  no  one  doobta  that  the  lets- 
marked  racial  varieties  have  great  degrees  of  persistence.  On  tlw 
other  hand,  it  is  unquestionable  thnt  the  likenesses  which  the  mem* 
bers  of  one  human  stock  preserve,  generation  after  generation,  vhei« 
the  conditions  of  life  remain  constant,  give  place  to  unUkeneasci  thit 
slowly  increase  in  the  course  of  centuries  and  thousands  of  years,  if 
the  members  of  that  stock,  spreading  into  different  habitats,  faU  und«r 
different  eets  of  conditions.  If  we  assume  the  original  unity  of  tlte 
human  race,  we  have  no  alternative  but  to  admit  sach  divergences 
consequent  on  such  causes ;  and,  even  if  we  do  not  assume  this  origi- 
nal unity,  we  have  still,  among  the  races  classed  by  the  community  of 
tlieir  languages  as  Aryan,  abundant  proofs  that  the  subjection  to  dif^ 
ferent  modes  of  life  produces,  in  course  of  ages,  permanent  bodily  and 
mental  differences ;  the  Hindoo  and  the  Englishman,  the  Gre  '  "^ 
the  Dutchman,  have  acquired  undeniable  contrasts  of  nature,  ji 
and  psychical,  which  can  be  ascribed  to  nothing  but  the  cootiouoiis 
effects  of  circumstances,  material,  moral,  social,  on  the  activities,  aod 
therefore  on  the  constitution*  So  that*  as  above  said,  one  might  hkn 
expected  that  biological  training  would  scarcely  be  needed  to  impress 
men  with  these  cardinal  truths,  all-important  as  elements  in  sociolotri* 
cal  conclnsions. 

As  it  is,  however,  we  see  that  a  deliberate  study  of  IJioKMjv  ^  in  i 
he  dispensed  with.  It  is  requisite  that  these  scattered  evidtnct  ^  whi^li 
but  few  citizens  put  together  and  think  about,  should  be  set  betoft 
them  in  an  orderly  way ;  and  that  they  should  recognize  in  theoi  ibi 
universal  truths  which  living  things  at  large  exhibit.  There  reqmni 
a  multiplicity  of  tllustrations,  many  in  their  kinds,  often  repeated  so^ 
dwelt  upon.  Only  thus  can  there  be  produced  an  adequatdyH 
conviction  that  all  organic  beings  are  modifiable,  that  modificaUonti 
inheritable,  and  that  therefore  the  remote  issues  of  any  new  iaflo 
brought  to  bear  on  the  members  of  a  community  must  be  serially 

To  give  a  more  definite  and  effective  shape  to  this  general  inf€^  ' 
ence,  let  me  here  comment  on  certain  courses  pursued  by  phiUntlin^ 
pists  and  legislators,  eager  for  immediate  good  results,  but  parmc*! 
without  regard  of  these  biological  truths  which,  if  borne  in  mi»4 
would  make  them  hesitate,  if  not  desist. 

Every  species  of  creature  goes  on  mnltiplying  till  it  reacha  I 
limit  at  which  its  mortality  from  all  causes  balances  its  fertility, 
minish  its  mortality,  by  removing  or  mitigating  any  one  of  \ 
causes,  and  inevitably  its  numbers  increase  until  mortality  and  fertflitfl 
are  again  in    equilibrium.     However   many  injurious  inflaeonss 
taken  away,  the  same  thing  holds,  for  the  reason  that  the  iMaipilfl 
injurious  influences  grow  more  intense.     Either  the  pres«niv  im  At  i 
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leans  of  subsiatence  becomes  greater ;  or  some  enemy  of  the  species, 
lultiplying  in  proportion  to  the  abundance  of  its  prey,  becomes  more 
destmctive ;  or  some  disease,  encouraged  by  greater  proximity,  be- 
comes more  prevalent.     This  general  truth,  everywhere  exemplified 
among  inferior  races  of  beings,  holds  of  the  human  race.     True,  it  is 
in  this  case  vaiiously  traversed  and  obscured.     By  emigration,  the 
limits   against  which   population   continually   presses    are    partially 
evaded  ;  by  improvements  in  production,  they  are  continually  removed 
Ikrther  away  ;  and,  along  with  increase  of  knowledge j  there  comes  an 
Htroidanoe  of  detrimental  agencies.     Still,  these  are  but  qualifications 
HF  an  inevitable  action  and  reaction. 

Let  H8  here  glance  at  the  relation  between  this  general  troth  and 

^be  legislative  measures  adopted  to  ward  oflf  certain  causes  of  death. 

Bvery  individual  eventually  dies  from  inability  to  withstand  some  en- 

^proning  action.     It  may  be  a  mechanical  force  that  cannot  be  resisted 

By  the  strengths  of  his  bodily  structures ;  it  may  be  a  deleterious  gas 

which,  absorbed  into  his  blood,  so  deranges  the  processes  throughout 

his  body  as  finally  to  overthrow  their  balance  ;  or  it  may  be,  and  most 

frequently  is,  an  absorption  of  his  bodily  beat  by  surrounding  things 

that  is  too  great  for  his  enfeebled  functions  to  meet.     In   all  cases, 

^owever,  it  is  one,  or  some,  of  the  many  forces  to  wliich  he  is  exposed, 

^bd  in  presence  of  which  his  vital  activities  have  to  be  carried  on.    He 

may  succumb  early  or  late,  according  to  the  goodness  of  his  structure 

and  the  incidents  of  his  career.    But,  in  the  natural  working  of  things, 

those  having  imperfect  structures  succumb  before  they  have  offspring, 

leaving  those  with  fitter  structures  to  produce  the  next  generation. 

And,  obviously,  the  working  of  this  process  is  such  that  as  many  will 

continue  to  live  and  to  reproduce  as  can  do  so  under  the  conditions 

then  existing :  if  the  assemblage  of  influences  becomes  more  difficult 

to  withstand,  a  larger  number  of  the  feebler  disappear  early;  if  the 

aasemblage  of  influences  is  made  more  favorable,  by  the  removal  of,  or 

mitigation  of,  some  unfavorable  influence,  there  is  an  increase  in  the 

nnmber  of  the  feebler  who  survive  and  leave  posterity.     Hence  two 

proximate  results,  conspiring  to  the  same  ultimate  result.     Fii-st,  pop- 

nlAtion  increases  at  a  greater  rate  than  it  would  otherwise  have  done: 

so  subjecting  all  persons  to  certain  other  destroying  agencies  in  more 

intense  forms.     Second,  by  intermarriage  of  the  feebler  who  now  sur- 

riTe,  with   the  stronger  who  would  otherwise  have  alone  survived, 

Ute  general  constitution    is  brought  down  to  the  level  of  strength 

latred  to  meet  these  more  favorable   conditions*     That  is  to  say, 

l>y-and*by  arises  a  state  of  things  under  which  a  general  de- 

in  the  power  of  withstanding  this  mitigated  destroying  cause, 

a  general  increase  in  the   activity  of   other  destroying   causes, 

iscqnent  on  greater  numbers,  bring  mortality  and  fertility  into  the 

relation    as  before — there  is   a  somewhat  larger   number  of  a 

^what  weaker  race. 
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There  are  further  wftys  in  which  thU  process  Deeessarily  worId| 
like  general  eflfect,  however  far  it  is  carried.  For,  as  fast  as  more 
and  more  detrimeDtal  agencies  are  remoTcd  or  mitigated,  and  as  iaet 
as  there  goes  on  an  increasing  sorviTal  and  propagation  of  those  har- 
ing  delicately-balanced  constitntionSj  there  arise  new  destructive  agen> 
cies*  Let  the  average  vitality  be  diminished  by  more  effecti 
guarding  the  weak  against  adverse  conditions,  and  inevitably 
come  fresh  diseases.  A  general  constitution,  previously  able  to 
without  derangement  certain  variations  in  atmospheric  eonditi< 
and  certain  degrees  of  other  unfavorable  actions,  if  lowered  in  tone^ 
will  become  subject  to  new  kinds  of  perturbation,  and  new  causes  of 
death.  In  illustration  I  need  but  refer  to  the  many  diseases  from 
which  civilized  races  suffer,  but  which  were  not  known  to  the  uncivil- 
ized, Kor  is  it  only  by  such  new  causes  of  death  that  the  nit« jL 
mortality,  when  decreased  in  one  direction,  increases  in  another,  IH 
very  precautions  against  death  are  themselves,  in  some  measure^  afl 
causes  of  death.  Every  further  appliance  for  meeting  an  evil,  evsH 
additional  expenditure  of  effort,  every  extra  tax  to  meet  the  cost  fl 
supervision,  becomes  a  fresh  obstacle  to  living.  For,  always  in  aifl 
ciety  where  ]>opulation  is  pressing  on  the  means  of  subsistence,  aifl 
where  the  efforts  required  to  fultil  vital  needs  are  so  great  that  thM 
here  and  there  cause  premature  death,  the  powers  of  producers  caaafl 
be  further  strained  by  calling  on  them  to  support  a  u^"^  clas§  of  oofl 
producersj  without,  in  some  cases,  increasing  the  wear  and  tear  to  B 
fatal  extent.  And,  in  proportion  as  this  policy  is  carried  fnrtbei^-^^ 
proportion  as  the  enfeeblement  of  constitution  is  made  greater,  the  H 
quired  precautions  multiplied,  and  the  cost  of  maintaining  these  pffl 
cautions  auL^mented — it  must  happen  that  the  increasing  physiologifliJI 
expenditure  tlirown  on  these  enfeebled  constitutions  must  naake  them 
succumb  so  much  the  earlier:  the  mortality  evaded  in  one  shape 
must  come  round  in  another. 

The  clearest  conception  of  the  state  brought  about  will  be  gftia«d) 
by  supposing  the  society  thus  produced  to  consist  of  old  peopl^ 
Age  differs  from  maturity  and  youth  in  being  less  able  to  witbsUwfl 
iniiaences  that  tend  to  derange  the  functions,  as  well  as  less  ahleflj 
bear  the  efforts  needed  to  get  the  food,  clothing,  and  shelter,  by  wliiM 
resistance  to  these  influences  may  be  carried  on;  and,  where  no  aidH 
received  from  the  younger,  this  decreased  strength  and  incrvMfl 
liability  to  derangement  by  incident  forces  make  the  life  of  age  di^| 
ctilt  and  wearisome.  Those  who,  though  youngs  have  weak  constitn 
tions,  are  much  in  the  same  position:  their  liabilities  to  derangeocwl 
are  sunilarly  multiplied,  and,  where  they  have  to  support  them^eM  ^ 
they  are  similarly  overtaxed  by  the  effort,  relatively  great  to  tb«» 
and  made  greater  by  the  maintaining  of  precautions,  A  society  <4  J 
enfeebled  people,  then,  must  lead  a  life  like  that  led  by  a  society  ^H 
people  who  had  outlived  the  vigor  of  maturity,  and  yet  had  noacfl 
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them ;  aad  their  life  must  also  be  likej  in  lacking  that  overflowing 
energy  which,  while  it  make«  I:il)ors  easy,  makes  enjoyments  keen.  In 
proportion  as  vigor  declines,  not  only  do  the  cjiuses  of  pain  multiply, 
while  the  tax  on  the  energies  becomes  more  trying,  but  the  poesibilities 
of  pleasure  decrease ;  many  delights  demanding,  or  accompanying, 
exertion  are  shut  out ;  and  others  fail  to  raise  the  flagging  spirits.  So 
that,  to  sum  up,  lowering  the  average  type  of  constitution  to  a  level  of 
strength  Mow  that  which  meets  without  cUfficuUy  the  ordinary  strains^ 
und  perturbations  J  and  dangers^  while  it  fails  eventually  to  diminish  the 
rate  of  mortality,  makes  life  more  a  burdeu  and  less  a  gratification, 

I  am  aware  that  this  reasoning  may  be  raet  by  the  criticism  that, 
carried  out  rigorously,  it  would  negative  social  ameliorations  in  gen- 
eraL  Some,  perhaps,  will  say  that  even  those  measures  by  which 
order  is  maintained  might  be  opposed  for  the  reason  that  there  results 
from  them  a  kind  of  men  less  capable  of  self-protection  than  would 
otherwise  exist.  And  there  will  doubtless  be  suggested  the  corollary 
that  no  influences  detrimental  to  health  ought  to  be  removeil.  I  am 
not  concerned  to  meet  such  criticisms,  for  the  reason  that  I  do  not 
mean  the  conclusions  above  indicated  to  be  taken  without  qualifica- 
tion. It  ia  obvious  enough  that,  up  to  a  certain  point,  the  removal  of 
destructive  causes  leaves  a  balance  of  benefit.  The  simple  fact,  that, 
with  a  largely-augmented  population,  longevity  is  greater  now  than 
heretofore,  goes  far  toward  showing  that,  up  to  the  time  lived  through 
by  those  who  die  in  our  day,  there  had  been  a  decrease  of  the  causes 
of  mortality  in  some  directions,  greater  than  their  increase  in  other 
directions.  Though  a  considerable  drawback  may  be  suspected — 
though,  on  observing  how  few  thoroughly-strong  people  we  meet, 
and  how  prevalent  are  chronic  ailments  notwithstanding  the  care 
taken  of  health  it  may  be  inferred  that  bodily  life  now  is  lower  in 
qoality  than  it  was,  though  greater  in  quantity— yet  there  has  prob- 
ably been  gained  a  surplus  of  advantage.  All  I  wish  to  show  is,  that 
there  are  limits  to  the  good  gained  by  a  such  a  policy.  It  is  supposed 
10  tho  Legislature,  and  by  the  fiublic  at  large,  that,  if,  by  measures 
taken,  a  certain  number  of  deaths  by  disease  have  been  preveoted,  so 
mach  pure  benefit  has  been  secured.  But  it  is  not  so.  In  any  case, 
there  is  a  set-off  from  the  benefit ;  and,  if  such  measures  are  greatly 
multiplied,  the  deductions  may  eat  up  the  benefit  entirely,  and  leave 
an  Injury  in  its  place.  Where  such  measures  ouglit  to  stop,  is  a 
qaefltion  that  may  be  left  open.  Here  my  purpose  is  simply  to  point 
out  the  way  in  which  a  far-reaching  biological  truth  underlies  rational 
oonclufeions  in  Sociology,  and  also  to  point  out  that  formidable  evib 
may  arise  from  ignoring  it. 


^ 
^g^ 


Other  evils,  no  less  serious,  are  entailed  by  legislative  actions  and 

metions  of  individuals,  single  and  combined,  which  overlook  or  dis- 

rd  a  kindred  biological  truth.     Besidefl  an  habitual  neglect  of  the 
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fact  that  the  quality  of  a  society  is  physically  lowered  by  the  artifi^H 
preservation  of  its  feeblest  members,  there  is  an  habitual  neglect  S 
the  fact  tliat  the  quality  of  a  society  is  lowered  morally  and  inteUefl 
ually,  by  the  artificial  preserration  of  those  who  are  least  able  to  tflH 
care  of  themselves.  H 

If  any  one  denies  that  children  bear  likenesses  to  their  progenitifl 
in  character  and  capacity — if  he  holds  that  men  whose  parents  afl 
grandparents  were  habitual  criminals  have  tendencies  as  good  M 
those  of  men  whose  parents  and  grandparents  were  industrious  ifl 
upright — he  may  consistently  hold  that  it  matters  not  from  what  £^H 
lies  in  a  society  the  successive  generations  descend.  He  may  thinlH 
just  as  well  if  the  most  active^  and  capable,  and  prudent,  and  eousci^l 
tious  people  die  without  issue,  while  many  children  are  left  by  tfl 
reckless  and  dishonest*  But,  whoever  does  not  espouse  so  insandfl 
proposition,  must  admit  that  social  arrangements  which  retard  the 
multiplication  of  the  mentally-best,  and  facilitate  the  multiplication  oi 
the  mentally- worst,  must  be  extremely  injunous. 

For,  if  the  unworthy  are  helped  to  increase  by  shielding  them  from 
that  mortality  which  their  unworthiness  would  naturally  entail,  the 
effect  is  to  produce,  generation  after  generation,  a  greater  unworthi- 
ness.    From  decreased  use  of  self-conserving  faculties  already  defi- 
cient, there  must  result,  in  posterity,  the  smaller  amounts  of  self-con- 
serving faculties.     The  general  law  "which   we  traced  above,  in  its 
bodily  applications,  may  be  traced  here  in  its  mental  applicatioDl 
Removal  of  certain  difficulties  and  dangers,  which  have  to  be  met  by 
intelligence  and  activity,  is  followed  by  a  diminished  ability  to  meei 
difficulties  and  dangers.     Among  children  bom  to  the  more  capsWt 
who  marry  with  the  less  capable,  thus  artificially  preserved,  there  i* 
not  simply  a  lower  average  power  of  self-preservation  than  would  fbe 
have  existed,  but  the  incapacity  reaches  in  some  a  greater  eitreme^ 
Smaller  difficulties  and  dangers  become  fatal  in  proportion  as  givat^ 
ones  are  warded  off.     Nor  is  this  the  whole  mischief.     For  such  mmr 
bers  of  a  population  as  do  uot  take  care  of  themselves,  but  are  takcft 
care  of  by  the  rest,  inevitably  bring  ou  the  rest  extra  exertion,  eitbs   I 
in  sapplying  them  with  the  necessaries  of  life,  or  in  maintaining  ov^J 
them  the  required  supervision,  or  in  both.     That  is  to  say,  in  additk^| 
to  sell-conservation  and  the  conservation  of  their  own  offspring,  tlH 
best,  having  to  undertake  the  conservation  of  the  worst,  and  of  th^H 
offspring,  are  subject  to  an  overdraw  upon  their  energies.     In  *oi^| 
cases  this  stops  them  from  marrying  ;  in  other  cases  it  diminishes  ^H 
numbers  of  their  children  ;  in  other  cases  it  causes  inadequate  feedillH 
of  their  children  ;  in  other  cases  it  brings  their  children  to  orpha&bol^| 
— in  every  way  tending  to  arrest  the  increase  of  the  best,  to  dcterionlfl 
their  constitutions,  and  to  pull  them  down  toward  the  level  of  the  woc^H 

Fostering  the  good-for-nothing  at  the  expense  of  the  good  ii  ^H 
extreme  cruelty.     It  is  a  deliberate  storing-np  of  miseries  for  firtfl^| 
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Ions.  There  is  no  greater  curse  to  posterity  than  that  of  be- 
ithiDg  them  an  iDcreaelng  population  of  imbeciles  and  idlers  and 
oriminals.  To  aid  the  bad  in  multiplying,  is,  in  efieet,  the  same  as 
maliciously  providing  for  our  descendants  a  multitude  of  enettues. 
It  may  be  doubted  whether  the  rnaudliii  pMlanthropy  which,  looking 
only  at  iramediate  mitigationsj  persistently  ignores  remote  results, 
does  not  inflict  a  greater  total  of  misery  than  the  extremest  Belfieh- 
nefiB  inflicts.  Refusing  to  consider  the  remote  influences  of  Lis  incon- 
tinent generosity,  the  thoughtless  giver  stands  but  a  degree  above  the 
drunkard  who  thinks  only  of  to-day*e  pleasure  and  ignores  to-morrow's 
lain,  or  the  spendthrift  who  seeks  immediate  delights  at  the  cost  of 
ultimate  poverty.  In  one  respect,  indeed,  he  is  worse ;  since,  while 
getting  the  present  pleasure  produced  in  giving  pleasure,  he  leaves 
the  fatnre  miseries  to  be  borne  by  others — escaping  them  himself. 
And  calling  for  still  stronger  reprobation  is  that  scattering  of  money 
prompted  by  misinterpretation  of  the  saying  that  "  charity  covers  a 
multitude  of  sins."  For,  in  the  many  whom  this  misinterpretation 
leads  to  believe  that  by  large  donations  they  can  compunnd  for  evil 
deeds,  we  may  trace  an  element  of  positive  baseness — ^an  eflbrt  to  get 
a  good  place  in  another  world,  no  matter  at  what  injury  to  fellow- 
orestures. 

How  far  the  mentally-superior  may,  with  a  balance  of  l)enefit  to 

iety,  shield  the  mentally-inferior  from  the  evil  results  of  their  infe- 

lority,  is  a  question  too  involved  to  be  here  discussed  at  length, 

T)oubtIess  it  is  in  the  order  of  things  that  parental  affection,  the  regard 

of  relatives,  and  the  spontaneous  sympathy  of  friends  and  even  of 

itrangers,  should  mitigate  the  pains  which  incapacity  has  to  bear,  and 

le  penalties  which  unfit  impulses  bring  round.     DoubtlesR,  in  many 

the  reactive  influence  of  this  sympathetic  care  which  the  better 

take  of  the  worse,  is  morally  beneficial,  and  in  a  degree  compensates 

by  good  in  one  direction  for  evil  in  another.     It  may  be  fully  admitted 

t  individual  altruism,  left  to  itself,  will  work  advantageously — 

wherever,  at  least,  it  does  not  go  to  the  extent  of  helping  the  unworthy 

10  multiply.     But  an  unquestionable   mischief  is  done   by  agencies 

ich  undertake  in  a  wholesale  way  the  preservation  of  good-for- 

.hiflgB :  putting  a  stop  to  that  natural  process  of  elimination  by 

hich  otherwise  society  continually  purifies  itself.     For  not  only  by 

ih  agencies  is  this  conservation  of  the  worst  and  destruction  of  the 

carried  further  than  it  would  else  be,  but  there  is  scarcely  any  of 

compensating  advantage  which  individual  altruism  implies.     A 

lechanically-working  State-apparatuB,  distributing  money  drawn  from 

bling  rate-payers,  produces  little  or  no  moralizing  eflect  on  the 

pableii   to  make   up  for   multiplication  of  the  incapables.     Here, 

ever,  it  is  needless  to  dwell  on  the  per]>lexing  questions  hence 

g.     My  purpose  is  simply  to  show  that  a  rational  policy  must 

Ionise  certain  general  truths  of  Biology,  and  to  insist  that  only 


6o8  THE  POPULAE  SVIENVE  MONTHLY, 

when  study  of  tbeae  general  truths,  as  illustrated  throughout  the  living 
world,  has  woven  them  into  the  conceptione  of  things,  is  there  gained 
an  adequately-strong  conviction  that  enormous  mischief  must  result 
from  ignoring  them/ 

Biological  truths  and  their  corollaries,  presented  under  these  spe- 
cial forms  as  bases  for  sociological  conclusions,  are  introductory  to  a 
more  general  biological  truth  including  them — a  general  biologiokl 
truth  which  underlies  all  rational  legislation,  I  refer  to  the  tmtlt 
that  every  species  of  organism,  including  the  human,  is  always  adapt- 
ing itself,  both  directly  and  indirectly,  to  its  conditions  of  existenc€« 

The  actious  which  have  produced  every  variety  of  man — ^the  ac- 
tions which  have  established  in  the  Negro  and  the  Hindoo  constitii' 
tions  that  thrive  in  climates  fatal  to  Europeans,  and  in  the  Foegian 
a  constitution  enabling  him  to  bear  without  clothing  an  IncleEneilCT 
almost  too  great  for  other  races  well  clothed^ — the  actions  which  hai** 
developed  in  the  Tartar  races  nomadic  habits  that  are  almost  insur 
mo un table,  while  they  have  given  to  Korth- American  Indians  desires 
and  aptitudes  which,  fitting  them  for  a  huntiug-life,  make  a  civiliad 
life  intolerable — the   actions  doing  this,  are  also  ever  at  work  mould- 
ing citizens  into  correspondence  with  their  circumstances.     While  the 
bodily  natures  of  citizens  are  being  fitted  to  the  physical  influences 
and  industrial  activities  of  their  locality,  their  mental  natures  are  be- 
log  fitted  to  the  structure  of  the  society  they  live  in.     Though,  as  wfi 
have  seen,  there  is  always  an  approximate  fitness  of  the  social  unit  t^ 
its  social  aggrei^ate,  yet  the  fitness  can  never  be  more  than  apptod- 
mate,  and  readjustment  is  always  going  on.     Could  a  society  r^iis 
unchanged,  something  like  a  permanent  equilibrium  between  the  m- 
tnre  of  the  individual  and  the  nature  of  the  society  would  pr^Kollj 
be  reached.     But  the  type  of  each  society  is  continually  being  moiii* 
fied  by  two  causes — by  growth,  and  by  the  actions,  warlike  or 
of  adjacent  societies.     Increase  in  the  bulk  of  a  society  inevi  .    , 
leads  to  change  of  structure ;  afl  also  does  any  alteration  lo  the  rfttio 
of  the  predatory  to  the  industrial  activities.     Hence  continual  si>cial 
metamorphosis,  involving  continual  alteration  of  the  conditions  under 
which  the  citizen  lives,  produces  in  him  an  adaptation  of  chartdir 
which,  tending  toward  completeness,  is  ever  made  incomplete  byfil^ 
ther  social  metamorphosia, 

While,  however,  each  society,  and  each  successive  phase  of  c«A 
society,  presents  conditions  more  or  less  special,  to  which  the  Datum 
of  oitiasens  adapt  themselves,  .there   are  certain   general   eonditMnH 

'  Probably  moat  readers  wi]]  coQclade  that  ia  thiSf  and  In  the  preoedlig  Secll«i*  K 
tm  simply  carrying  out  the  views  of  Mr.  Dunrin  m  their  upplicatiotis  lo  the  homaa  ci0^ 
Under  tbc  circumiitances,  p«rbtip8^  I  shdl  be  excused  for  pointing  out  tb»t  Uk  ottt  ^ 
li«ft,  otherwise  expressed,  are  oontalned  in  Cbftpters  XXV.  and  XXVHL  of  *^$add 
Stitki,^*  publUhed  in  l>eoemb^r,  IS^^O. 
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Bcb,  in  every  society,  must  be  fulfilled  to  a  considerable  extent  before 
can  hold  together ;  and  which  must  be  fulfilled  completely  before 
>cial  life  can  be  complete.  Each  citizen  has  to  carry  on  his  activities 
I  sucli  ways  as  not  to  impede  other  citizens  in  the  carrying  on  of  tlieir 
^tivities  more  than  he  is  impelled  by  them.  That  any  citizen  may  so 
ehaire  as  not  to  deduct  from  the  aggregate  welfare,  it  is  needful  that 
B  shall  perform  such  function,  or  share  of  function,  as  is  of  value 
imYalent  at  least  to  what  he  consumes;  and  it  is  further  needful  that, 

ih  in  discharging  his  function  and  in  pursuing  his  pleasure,  he  shall 
^e  others  similarly  free  to  discharge  their  functions  and  to  pursue 
Sr  pleasures.  Obviously,  a  society  formed  of  units  who  cannot  live, 
^out  mutual  hindrance,  is  one  in  which  the  happiness  is  of  smaller 
bount  than  it  is  in  a  society  formed  of  units  who  can  live  without 
intual  hindrance.  And  obviouBly  the  sum  of  happiness  in  such  a 
leiety  is  still  less  thau  that  in  a  society  of  which  the  units  voluntarily 
d  one  another, 

^i'ow,  under  one  of  its  leading  aspects,  civilisation  is  a  process  of 
■Roping  in  citizens  a  nature  capable  of  fulfilliug  these  all-essential 
mitions  ;  and,  neglecting  their  superHuitics,  laws  and  the  appliances 
►r  enforcing  them  are  expressions  and  embodiments  of  these  all-es- 
rntial  conditions.  On  the  one  hand,  those  severe  systems  of  slavery, 
id  serfdom,  and  punishment  for  vagabondage,  which  characterized 
te  less-developed  social  types,  stand  for  the  necessity  that  the  social 
ait  shall  be  self-supporting.  On  the  other  hand,  the  punishments  for 
ler,  assault,  theft,  etc.,  and  the  penalties  on  breach  of  couCract| 
for  the  necessity  that,  in  the  course  of  the  activities  by  which 
ipports  himself,  the  citizen  sliall  neither  directly  injure  other  citi- 
,  nor  shall  injure  them  indirectly,  by  taking  or  intercepting  the 
as  their  activities  bring.  And  it  needs  no  detail  to  show  that  a 
atnental  trait  in  social  progress  is  an  increase  of  industrial  energy, 
Dg  citizens  to  support  themselves  without  being  coerced  in  the 
W11J8  once  general ;  that  another  fundamental  trait  is  the  pro- 
Si  ve  establishment  of  such  a  nature  in  citizens  that,  while  pursuing 
respective  ends,  they  injure  and  impede  one  another  in  smaller 
ees;  and  that  a  concomitant  trait  is  the  growth  of  governmental 
lints  which  more  effectually  check  the  remaining  aggressiveness. 
is  to  say,  while  the  course  of  civilization  shows  us  a  clearer  recog^ 
I  and  better  enforcement  of  these  essential  conditions,  it  also  sliows 
[gradual  moulding  of  humanity  into  correspondence  with  them, 

long  with  the  proofs  thus  furnished  that  the  biological  law  of 

jitation,  holding  of  all  other  species,  holds  of  the  human  species, 

id  that  the  change  of  nature  undergone  by  the  human  species  since 

-  began  to  develop,  has  been  an  adaptation  of  it  to  the  condi- 

.  J  plied  by  harmonious  social  life,  we  receive  the  lesson,  that  the 

Me  thing  needful  is  a  rigorous  maintenance  of  these  conditions.  While 

Stbat  the  immediate  function  of  our  chief  social  institutions  is 
T0I«  III.— *^9 
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the  securing  of  an  orderly  social  life  by  maintaining  the^  coodittofl 

very  few  see  that  their  further  function^  and  in  one  sense  more  import^^ 
function,  is  that  of  fitting  men  to  fulfil  these  conditions  sponianeou^H 
The  two  functions  are  inseparable.     From  the  biological  laws  we  hafl 
been  contemplating,  it  is,  on  the  one  band,  an  inevitable  corollary  thw^ 
if  these  conditions  are  maintained,  human  nature  will  gradually  adagt 
itself  to  them ;  while,  on  the  other  hand,  it  is  an  inevitable  coroIli^| 
that,  by  no  other  discipline  than  subjection  to  these  conditions,  can  ^ 
ness  to  the  social  state  be  produced.     Enforce  these  conditions,  aiil 
adaptation  to  them  will  continue.     Relax  these  conditions,  and  by  «o 
mnch  there  will  be  a  cessation  of  the  adaptive  changes.     Abolish  thes^ 
conditionSj  and,  after  the  consequent  social  dissolution,  there  will  com* 
mence  (unless  they  are  reestablished)  an  adaptation  to  the  conditiotis 
then  resulting — those  of  savage  life.     These  are  conclusions  from  which 
there  is  no  escape,  if  man  is  subject  to  the  laws  of  life  in  common  wilb 
living  things  in  general. 

It  may,  indeed,  be  rightly  contended  that,  if  those  who  are  but  little 
fitted  to  the  social  state  are  rigorously  subjected  to  these  conditions,  evil 
will  result ;  intolerable  restraint,  if  it  does  not  deform  or  destroy  life,  will 
be  followed  by  violent  reaction.  We  are  taught  by  analogy,  that  greatly- 
changed  conditions  from  which  there  is  no  escape  fail  to  produce  a  i 
tion  because  they  produce  death.     Men  having  constitutions  fitti 
one  climate,  cannot  be  fitted  to  an  extremely-different  climate  by  penisi* 
ently  living  in  it,  because  they  do  not  survive,  generation  after  generatioo. 
Such  changes  can  be  brought  about  only  by  slow  spreadings  of  the  nee 
through  inlerme<liiite  regions  having  intermediate  climates,  to  wWch    i 
successive  generations  are  accustomed  little  by  little.     And  douUlfs* 
the  like  holds  mentally.     The  iutellectual  and  emotional  natures  re-    I 
quired  for  high  eiviliEation  are  not  to  be  obtained  by  forcing  on  tli«  I 
completely-uTicivilis&ed  the  needful  activities  and  restraints  in  un^joal*'  I 
fied  forms :  gradual  decay  and  death,  rather  than  adaptation,  wouli  J 
result.     But  so  long  as  a  society^s  institutions  are  indigenous,  no  dM|AH 
is  to  be  apprehended  from  a  too^trict  maintenance  of  the  eond^^^^ 
to  the  ideally-best  social  life ;  since  there  can  exist  neither  the  1^| 
quired  appreciation  of  them  nor  the  required  appliaoces  for  enforcifl^H 
them«     Only  in  those  abnormal  cases  where  a  race  of  one  type  \a  eu^H 
ject  to  a  race  of  much-superior  type,  is  this  qualification  pertiacfll^| 
In  our  own  case,  as  in  the  cases  of  all  societies  having  populatioas  *^| 
proximately  homogeneous  in  character,  and  having  institutions  cvolv^B 
by  that  character,  there  may  rightly  be  aimed  at  the  :  ng^| 

possible.     The  merciful  policy,  no  less  than  the  just  p<'  iiii^H 

insisting  that  these  all-essential  requirements  of  self-support  and  n^l^l 
aggression  shall  be  conformed  to — the  just  policy,  because  faihog  ^| 
protect  the  better  or  more-adapted  natures  against  the  worse  or  li^^^H 
adapted ;  the  merciful  policy,  because  the  pains  aocompanyia^  ^f^l 
process  of  adaptation  to  the  social  state  must  be  gone  through,  tt^^| 
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18  better  that  they  should  be  gone  through  once  than  gone  through 
iwlee,  as  they  have  tn  be  when  any  relaxation  of  these  conditions  per- 
its  retrogression* 

Thus,  that  which  sundry  precepts  of  the  current  religion  embody — 
hat  which  ethical  systems^  intuitive  or  utilitarian,  equally  nt^^^  is 
that  which  Biology,  generalizing  the  laws  of  life  at  large»  dictates, 
1  further  requirements  are  unimportant  compared  with  this  primary 
squirement,  that  each  shall  eo  live  as  neither  to  bui-den  others  nor  to 
injure  others.  And  all  further  appliances  for  in^ueneing  the  actions 
and  natures  of  men  are  unimportant  compared  with  those  serving  to 
maintain  and  increase  the  conformity  to  this  primary  requirement. 
But,  unhappily,  legislators  and  philanthropists,  busy  with  schemes 
which,  instead  of  aiding  adaptation,  indirectly  binder  it,  give  little  at- 
tention to  the  enforcing  and  improving  of  tliose  arrangemeuta  by 
hich  adaptation  is  effected. 
And  here,  on  behalf  of  the  few  who  uphold  this  policy  of  natural 
disciplines  let  me  emphatically  repudiate  the  name  of  lahsez'/aire  as 
applied  to  it,  and  emphatically  condemn  the  counter-policy  as  involv- 
ing a  iaissez-falre  of  the  most  vicious  kind.  While  holding  that,  when 
e  State  leaves  each  citizen  to  get  what  good  for  himself  he  can,  and 
suffer  what  evil  he  brings  on  himself,  such  a  let-alone  policy  is 
eventually  beneficial,  I  contend  that,  when  the  State  leaves  him  to 
bear  the  evils  inflicted  by  other  citizens,  and  can  be  induced  to  defend 
^^iim  only  at  a  ruinous  cost,  such  a  let-alone  policy  is  both  immediately 
^hnd  remotely  injurious.  When  a  Legislature  takes  from  the  worthy 
^Bhe  things  they  have  labored  for,  that  it  may  give  to  the  unworthy 
^Khe  things  they  have  not  earned—when  cause  and  consequence,  joined 
in  the  order  of  Nature,  are  thus  divorced  by  statesmen — then  may 
properly  come  the  suggestion,  "Cease  your  interference."  But  when, 
in  any  way,  direct  or  indirect,  the  unworthy  deprive  the  worthy  of 
ibeir  dues,  or  impede  them  in  tlie  quiet  ptirsuit  of  their  ends,  then 
mmj  properly  come  the  demand,  "  Interfere  promptly  and  effectual- 
ly, and  be  in  fact  the  protectors  which  you  are  in  name,"  Our  poll- 
idans  and  philanthropists,  impatient  with  a  salutary  lausezrfaire^ 
Jerate  and  even  defend  a  hiusei^faire  that  is  in  tlie  highest  degree 
lidchievous*  Without  hesitation,  this  regulative  agency  we  call  the 
remiDeut  takes  from  us  some  £100,000  a  year  to  pay  for  art-teach- 
and  I'D  establish  art-museums ;  while,  in  guarding  us  against  rob- 
aod  murderers,  it  makes  convictions  difficult  by  demurring  to 
<!0#t  of  necessary  evidence ;  even  the  outlay  for  a  plan,  admitted 
tlie  tax-master,  being  refused  by  the  Treasury  I  Is  not  this  a  dis- 
TOttti  laissez-faire?  While  millions  are  voted  without  a  murmur 
jUl  expedition  to  rescue  a  meddling  consul  from  a  half-savage  king, 
Executive  resists  the  spending  of  a  few  extra  thousands  to  pay 
re  judges :  the  result  being  not  simply  vast  arrears  and  long  de- 
B^  but  immense  injustices  of  other  kinds — costs  being  run  up  in 
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oasea  which  lawyers  know  will  never  be   heard,  and  which,  when 
brought  into  court,  the  over-burdened  judges  get  rid  of  by  appoinliog 
junior  counsel  as  referees :  an  arrangement   under  which  the  suitor» 
have  not  simply  to  pay  over  again  all  their  agents,  at  extra  ratea,  hut 
have  also  to  pay  their  judges/     Is  not  that,  too,  a  flagitious  laUit> 
faifef    Though,  in  our  aolicitade  for  N^egroe^,  we  have  been  spvud* 
ing  £50,000  a  year  to  stop  the  East-African  slave-trade,  and  failing  to 
do  it,  yet  only  now  are  we  providing  protection  for  our  own  sailori 
against  unscrupulous  ship-owners — only  now  have  sailors,  betrayed 
into  bad  ships,  got  something  more  than  the  option  of  risking  death 
by  drowning  or  going  to  prison  for  breach  of  contract !     Shall  we  not 
call  that,  also,  a  laissez-faire  that  is  almost  wicked  in  its  ioditTerence  f 
At  the  same  time  that  the  imperativeuess  of  teaching  all  children  t^ 
write,  and  to  spell,  and  to  parse,  and  to  know  where  Timbactoo  lie?, 
is  being  agreed  to  with  acclamation,  and  vast  sums  raised  that  these 
urgent  needs  may  be  met,  it  is  not   thought   needful  that  citiieni 
should  be  enabled  to  learn  the  laws  they  bave  to  obey ;  and  thou^ 
these  laws  are  so  many  commands  which,  on  any  rational  theor 
Government  issuing  them  ought  to  enforce,  yet  in  a  great  m 
cases  it  does  nothing  when  told  that  they  have  been  brokeo,  but 
leaves  the  injured  to  try  and  enforce  them  at  their  own  risk,  L**  " ' 
please.     Is  not  that,  again,  a  demoralizing  lalssez-fmrt — ^an  encri; 
ment  to  wrong-doing  by  a  half-promise  of  impunity  ?     Once  murcv 
what  shall  we  say  of  the  laia^ez-faire  which  cries  out  because  the  ciril 
administration  of  justice  costs  us  £800,000  a  year — ^because  to  pn>t4?c< 
men's  rights  we  annually  spetid  half  as  much  again  as  would  huiMan 
iron-clad  ! — because  to  prevent  fraud  and  enforce  contracts  we  by  out 
each  year  two-thirds  of  the  sum  our  largest  disiiUer  pays  in  *piHt- 
duty  ! — what,  I  ask,  shall  we  say  of  the  laisaczrfairt  which  thus  tliiukf 
it  an  extravagance  that  one-hnndredth  part  of  our  national  rtveaiie 
should  go  in  maintainiug  the  vital  condition  to  national  well-Wng 
Is  not  that  a  laissez-faire  which  we  might  be  tempted  to  call  iii5aa«|? 
did  not  most  sane  people  agree  ic»  it?     And  thus  it  is  ihroQgboiit 
The  policy  of  quiescence  is  adopted  where  active  interference  ii>  all 
essential ;  while  timCj  and  energy,  and  money,  are  absorbed  in  inl 
fenng  with  things  that  should  be  left  to  themselves.     Those 
condemn  the  let-alone  policy  in  respect  to  matters  which,  to  Wf 
least,  are  not  of  vital  importance,  advocate  or  tolerate  the  let^akwil^ 
policy  in  resjject  to  vitally-important  matters.     Contemplated  Crom 
the    biological   point   of  view,  their  course   is    doubly   mischievom 
Tliey  impede  adaptation  of  human  nature  to  the  social  state,  both 
by  what  they  do  and  by  what  they  leave  undone. 

Neither  the  limits  of  this  chapter,  nor  its  purpose,  permit  eipOiJ" 
tion  of  the  various  other  truths  wliich  Biology  yields  as  data  f*^ 

^  And  even  Iheo  there  are  often  rumotis  delajra,     A  burtifiter  Cells  XDe  thftt  is  ft  Citf  ^ 
In  wbkh  ho  wma  himadf  the  referee  they  bad  but  aix  tn^etiiip  in  tiro  i 
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Sociology.  Enough  has  been  said  in  proof  of  that  which  was  to  be 
flhown — the  need  for  biological  study  as  a  preparation  for  grafiping 
sociological  truths. 

The  effect  to  be  looked  for  from  it  is,  that  of  giving  strength  and 
cleamesB  to  convictions  otherwisie  feeble  and  vague.  Sundry  of  tbe 
doctrines  I  have  prejiented  under  their  biological  aspectn  are  doctrines 
admitted  in  confiiderable  degrees.  Sneh  acquaintance  with  tbe  laws 
of  life  as  they  have  gatbered  incidentally,  lead  many  to  fiuspect  that 
appliances  for  preserving  tbe  physically-feeble  bring  resnke  that  are 
not  wholly  good.  Otbers  there  are  w^ho  occasionally  get  glimpses  of 
evils  caused  by  fostering  the  reckless  and  the  stupid.  But  their  sus- 
picions and  qualms  fail  to  deteimine  their  conduci,  because  the  inem- 
tableness  of  tbe  bad  consequences  has  not  been  made  adequately  clear 
by  the  study  of  Biology  at  large.  When  countlest*  illustrations  have 
shown  them  that  all  strengtb,  all  faculty,  all  fitness,  presented  by 
every  living  thingj  has  arisen  partly  by  a  growth  of  each  power  con- 
sequent on  exercise  of  it,  and  partly  hy  the  more  frequent  survival 
and  greater  multiplication  of  the  better-endowed  individuals,  en- 
tailing gradual  disappearance  of  the  worse-endowed  —  when  it  is 
Been  that  all  perfection,  bodily  and  mental,  has  been  achieved  through 
this  process,  and  tbat  suspension  of  it  most  cause  cessation  of 
progress,  while  reversal  of  it  would  bring  universal  decay — when 
it  U  seen  that  tbe  mifichiefs  entailed  by  disregard  of  these  truths, 
though  they  may  be  silow,  are  certain — ^tbere  comes  a  conviction  that 
social  policy  must  be  conformed  to  them,  and  tbat  to  ignore  them  is 
madness. 

Did  not  experience  prepare  one  to  find  everywhere  a  degree  of 
irrationality  remarkable  in  beings  who  distinguish  themselves  as 
rational,  one  might  have  assumed  that,  before  devising  modes  of  deal- 
ing with  citizens  in  tbcir  corporate  relations,  Fpi^cirtl  attention  would 
be  given  to  tbe  natures  of  tbese  citizens  individually  considered,  and 
by  implication  to  tbe  natures  of  living  things  at  large.  Ptit  a  carpen- 
ter into  a  blacksmitb^'s  sbop,  and  set  him  to  forge,  to  weld,  to  harden, 
to  anneal,  etc.,  and  be  will  not  need  tbe  black  smith's  jeers,  to  show 
him  how  foolish  is  tbe  attempt  to  make  and  mend  tools  before  he  has 
learned  tbe  properties  of  iron.  Let  tbe  carpenter  challenge  the  black- 
smith, who  knows  little  aWut  wood  in  general  and  nothing  about  par- 
ticular kinds  of  wood,  to  do  Ida  work,  and,  unless  the  blaeksuiitb 
declines  to  make  himself  a  laughing-^toek,  he  is  pretty  certain  to  saw 
askew,  to  choke  up  his  plane,  and  presently  to  break  his  tools  or  cut 
his  fingers.  But,  while  every  one  sees  the  folly  of  supposing  that  wood 
or  iron  can  be  shaped  and  fitted,  without  an  apprenticeship  during 
which  their  ways  of  behaving  are  made  familiar,  no  one  sees  any 
folly  in  undertaking  to  devise  institutions,  and  to  sbape  human  nature 
in  this  way  or  that  way,  without  a  preliminary  study  of  Man,  and  of 
^plaining  Man's  life.     For  simple  functions  we  in- 
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eist  on  elal>orate  special  preparations  extending  through  years ;  while 
for  the  most  complex  functioD,  to  be  adequately  discharged  not  even 
by  the  wisest,  we  require  no  preparation  I 

How  absord  are  the  prevailing  conceptions  about  these  niatters, 
we  shall  see  still  more  clearly  on  turning  to  consider  that  more  special 
discipline  which  should  precede  the  study  of  Sociology ;  namely,  the 
study  of  Mental  Science. 


THE  INTELLECTUAL  POWETtS  OF  BIRDS. 

THE  Popular  Science  Review  for  July  contains  some  interesting  hut 
too  brief  remarks  by  Mi\  Leith  Adama  on  the  "  Mental  Po ir era 
of  Birds,"  which  it  is  interesting  to  define  specifically  as  distinguished 
from  the  mental  powers  of  other  aniinak  of  the  higher  order  of  i«aga* 
city.     This  we  will  briefly  do.     First,  it  would  appear  from  Mn  Da^ 
win's  diacussionai — though  Mr.  Leith  Adams  hardly  refers  to  ibem— 
that  none  of  the  lower  orders  of  creatures  have  so  keen  an  apprectak 
tion  of  beauty  as  many  kinds  of  birds,  and  certainly  that  none  tuni 
this  taste  for  beauty  so  deliberately  to  the  purpose  of  social  amuse- 
ment.    That  great  natural ist  has  described  how  some  kinds  of  bini^ 
really  celebrate  feiitivitiea  very  closely  approaching  to  our  wedding 
fBtes^  bulls,  and  garden  parties,  in  places  carefully  decorated  and 
arranged  by  the  birds  for  the  purpose  of  social  gatlierings,  and  whict 
are  not  used  for  their  actual  dwelling-places.     The  best  evidence,  »T» 
Mr,  Darwin,  of  a  taste  for  the  beautiful  **  is  afforded  by  the  Uitt* 
genera  of  Australian  bower-birds*  .  .  ,  Their  bowers  where  the  §exw 
congregate  and  play  strange  antics  '*  (at  all  stranger  than  our  waltatf 
and  ipiadrillee?)  *'  are  differently  constmcted;  but,  what  most  conoenii 
ns  is,  that  they  are  decorated  in  a  different  manner  by  the  dlflfefen* 
species.     The  satin  bower-bird  collects  gayly-colored  articles,  such  i* 
the  blue  tail-feathers  of  paroquets,  bleached  bones  and  shells,  whieb  it 
sticks  between  the  twigs,  or  arranges  at  the  entrance.     Mr,  Gould 
found  in  one  bower  a  neatly-worked  stono  tomahawk  and  *  slip  of 
blue  cotton,  evidently  procured  from  a  native  encampment.    T?h^^ 
objects  are  continually  rearranged  and  carried  about  by  the  '  i 
while  at  play.     The  bower  of  the  spotted  bower-bird  is  beatiti'  '  ' 
lined  with  tall  grasses,  so  disposed  that  the  heads  nearly  raeft,  ^ii^ 
the  decorations  are  very  profuse.     Round  stones  are  used  to  keep  tb 
grass-stems  in  their  proper  places,  and  to  make  divergent  palba  U'»<1' 
ing  to  the  bower.     The  stones  and  shells  are  often  brought  firomi 
great  distance.     The  regent-bird,  as  described  by  Mr*  Ramsay,  era** 
ments  its  short  bower  with  bleached  land^shells  belonging  to  fi^    * 
six  species,  and  *  with  berries  of  various  color^  blue,  red,  and  ' 
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rhicli  give  it,  when  fresh,  a  verj  pretty  appearance.  Besides  these, 
here  were  several  iK^wly-pieked  leaves  and  young  shoots  of  a  pinkish 
color,  the  whole  showing  a  decided  taste  for  the  beatrtiful/  Well  may 
Mr,  Gould  say,  *  These  highly-decorated  halls  of  assembly  must  be 
regarded  as  the  most  wonderful  Instances  of  bird-architecture  yet  dis- 
covered ; '  and  the  taste,  we  see,  of  the  several  species  certainly  dif- 
fer8^''  You  could  not  have  distincter  evidence  in  a  lady's  salon  care- 
fully decorated  with  flowers,  either  of  her  taste  for  the  beautiful,  or 
of  the  deliberate  subordination  of  that  taste  to  social  purposes,  than 
we  have  here  of  the  same  qualities  in  birds*  Mr*  Leith  Adams  in  his 
paper  hardly  refers,  as  we  have  already  observed,  to  this  remarkable 
clas«  of  facts  at  all,  only  pointing  out  that  the  obvious  preference  for 
gayly-colored  plumage  on  the  part  of  the  females  clearly  implies  a 
genuine  taste  for  the  beautiful  in  birds,  which  is,  of  course,  true,  but 
ts  not  nearly  as  good  evidence  of  a  distinct  intellectual  development 
on  tliis  point  as  the  elaborate  decoration  of  their  bowers  hy  birds  for 
feative  purposes.  The  mere  preference  of  gay  colors  may  be  uncon- 
scious and  purely  instinctive,  but  when  a  bird  looks  out  fur  bleached 
land-shells  and  tall  grasses  to  ornament  its  reception-room,  and  fetches 
round  stones  to  ''fix**  the  grasses  in  their  proper  place,  and  then  uses 
the  hall  thus  provided  only  for  festive  social  purposes,  you  can  hardly 

Keny  such  birds  either  the  powers  or  the  tastes  of  landscape-gardeners 
ad  ball-givers.  And  we  fancy  this  kind  of  deliberate  taste  for  the 
eautifnl,  and  the  beautiful  in  subordination  to  social  purposes,  is  con- 
fined among  the  low  er  animals  to  birds  j  and,  as  regards  the  social 
•purposes,  to  a  very  lew  orders  of  birds.  A  great  many  birds  seem  to 
liave  more  appreciation  of  beauty  of  color  than  almost  any  other  class 
of  animals,  but  only  in  a  few  species  has  it  rist  n  to  the  point  of  a 
really  decorative  social  art.  We  may  gather  from  this  that  in  tlie  bud 
the  perception  of  harmony  is  of  a  very  high  kind,  and  this  evidently 
^^pplies  to  sound  as  well  as  color.  No  creatures  utter  sounds  so  full  of 
^^eauty,  or  display  such  wonderful  qualifications  for  imitating  the 
beautiful  sounds  they  hear.  Must  we  not  say,  then,  that  the  bird  has, 
more  force  than  any  other  species  of  the  lower  animals,  the  percep- 
Ion  of  harmony  in  forms,  colors,  and  sounds,  and  the  further  eon- 
tiousness  of  the  fascination  such  harmony  has  for  its  own  species, 
ad  the  enhancement  it  lends  to  social  enjoyments  V 

Another  great  mental  quality  which  birds  seem  to  have  in  exeesB 
'other  animals  is  a  very  fine  calculation  of  distance,  and  this,  too,  in 
ect  subordination  to  their  own  well-being.  It  has  been  shown  again 
mnd  again^and  Mr,  Leith  Adams  refers  to  some  facts  in  sujipoit  of  it 
^Jp  thi«  essay — that,  as  new  weapons  of  oflence  are  invented,  many 
^^kecies  of  birds  narrowly  observe  the  range  of  the  new  bows  or  guns, 
^K;  ■  '  fi  out  of  range,  not  even  troubling  themselves  to  go  at  all 
^K»  '  Ijan  is  necessary  to  be  out  of  range.     Quite  recently  we  have 

^Bad,  though  we  cannot  verify  the  reference  at  present,  of  some  birds 
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wbich  adnpted  themselves  within  a  few  days  to  the  increased  rang<e  af 
the  rifle,  directly  after  they  had  learned  ite  range  for  the  first  time, 
having  been  previously  accuBtomed  only  to  the  fowling-piece,  and  kept 
just  outside  the  two  thousand  yards'  range,  or  whatever  range  it 
retaining  their  composure  perfectly  at  that  distance*  We  suppose 
wonderful  accuracy  of  the  travelling  birds  in  striking  the  exact 
for  wbieh  they  are  bound,  of  which  Mr.  Leith  Adams  gives  us  woui 
ful  illustrations,  is  a  still  greater  proof  of  the  same  power.  Mr.  Ad 
tells  us  of  swifts  which,  after  eight  months*  absence  in  the  South^ — at  a 
distance  of  some  1,800  or  1,900  miles — return  not  merely  to  the  i^une 
region,  but  to  the  same  nests  which  they  had  deserted,  and  that,  too^ 
year  after  year — the  individuals  having  been  marked  so  that  th< 
could  be  no  mistake  as  to  their  identity,  uidess  indeed  there  be  si 
creatures  as  claimants  to  abandoned  nests  even  in  the  oniithol 
world.  Again,  the  delicate  adaptation  of  the  power  of  geometri< 
measurement  to  the  welfare  of  its  species  seems  to  be  shown  by 
weaver-bird  of  India,  which  hangs  its  "elaborately-constructed,  pnrw?- 
shapcd  nest "  '*  from  the  tops  of  branches  overhanging  deep  wells,''  i 
order  to  render  it  particularly  difficult  for  enemies  to  get  at  the 
without  running  a  great  risk  of  falling  into  the  welL 

Again,  none  of  the  lower  animals,  except  the  monkey,  seem 
have  80  much  imitative  power^  particularly  in  relation  to  sounds — the 
imitative  power  of  monkeys  has  more  of  capacity  in  it  for  imitating 
gestures — as  parrots,  mocking-birds,  ravens,  and  other  tribes  of  hiftK 
CuriouKly  enough,  this  seems  to  be  more  or  less  a  quality  of  tame,  ai 
distinguished  from  wild  birds.     At  least,  Mr.  Leith  Adaraa  says  that 
parrots,  the  cleverest  of  all  these  imitators  when  in  captivity,  **are  not 
by  any  means  given  to  copy  the  call-notes  of  other  birds  in  their  n»* 
tive  woods,^*  so  that  imitation  would  seem  to  be  the  channel  into 
which  their  intellectual  energy  is  apt  to  be  directed,  when  they  an? 
robbed  of  their  natural  occupations.     That  is,  we  suppose,  thrir 
cepiions  being  very  acute,  and  their  voice  well  develoj>ed,  dir 
they  are  cut  off  from  their  usual  occupations,  they  begin  to  imitate  ill 
they  hear  by  w^ay  of  exercising  their  latent  faculties.     That  binl«  can 
go  beyond   mere   imitation,  and  are   to   some  extent   accomplitheil 
actors,  the  evidence  as  to  all  those  birds  which,  by  false  preteucef  of 
agitation,  lure  the  trapper  away  from  the  vicinity  of  their  nest,  oomr 
pletely  shows.     Mr.  Leith  Adams  bears  witness  to  this,  and  telb  be- 
sides the  story  of  the  trick  played  by  the  ruby* throated  humming' 
bird  of  Canada,  which,  if  captured,  "  feigns  death  by  shtitling  its  eyr* 
and  remaining  quite  motionless,"  and  then  suddenly  makes  a  vigorooi 
effort  to  escape.     This  shows  not  merely  a  dramatic  gift,  but  a  distiad 
purpose  in  the  use  of  it.     J^ii^es  of  a  similar  kind  are,  however,  ovt 
unexampled  in  other  animals  and  birds.     Cat^,  for  instance^  ooiutinlr 
ly  feign  sleep,  for  the  purpose  of  catching  birds  or  mice  more  eif^cWi^ 
ally.  I 
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On  the  wholu,  however,  it  may  be  safely  said  that  birds  seem  to 
ive  much  more  capacity  for  perceiving  beauty^  much  more  gift  for 
social  enjoyment,  a  liner  knowledge  of  distance  and  direction,  and 
more  power  of  vocal  imitation,  than  any  other  order  of  animals  of 
which  we  know  any  thing.  On  the  other  hand,  they  have  lees  eense 
of  power  and  sympathy  than  the  dog,  and  therefore  much  less  eense 
of  responsibility  to  their  euperiorSj  whom  they  often  love,  but  seldom 
serve.  Perhaps  we  might  generalize  these  mental  qualifications  by 
saying  that  birds  are  chictiy  educated  by  perceptions,  wonderfully 
accarate  indeed,  but  still  of  thitigs  at  a  distance,  of  things  at  an  almost 
telescopic  range;  that  their  rapidity  of  flight  makes  them  creatures  of 
trt<itf  experience,  but  not  of  full  experience  of  any  species  but  their 
own  ;  and  thatj  as  a  result,  they  cannot  know  men  well  enough  to  learn 
aft  much  from  men,  as  dogs,  and  cats,  and  elephants,  and  even  other 
orders  of  creatures  learn.  Birds,  in  short,  get  bird's-eye  views  of  the 
earth,  and  birdVeyc  views^  however  instructive  to  thuse  who  have 
previously  mastered  the  details  carefully,  do  not  exactly  furnish  a 
good  basis  for  progressive  knowledge.  They  obviously  get  a  knowl- 
edge of  geography,  and,  in  some  sense,  of  the  air  and  its  currents,  such 
as  no  other  creatures  can  have.  They  have  an  ear  fur  musicj  and  an 
eye  for  harmony  of  form  and  color,  and  probably  of  movement — for 
there  are  bird-dances  which  Taglioni  would  have  despaired  of  imi- 
tating— such  as  no  other  mcniher  of  the  animal  world  possesses;  and 
the  perception  of  beauty,  we  know,  depends  on  nothing  so  much  as 
the  coup  cTixilf  and  tbis  birds  can  always  command.  But  they  lose, 
by  their  great  privilege  of  wings,  that  slow  and  sure  experience  of  the 
ways  of  man  which  some  less-gifted  animals  acquire.  A  swift  whicli 
6ie8  at  the  rate  of  270  miles  an  hour,  according  to  Mn  Leith  Adams, 
clearly  cannot  have  a  brain  to  utilijte  an  experience  ac<]uired  at  that 
rate  in  any  but  a  very  perfunctory  way.  Therefore,  though  birds 
have  so  strange  a  perception  of  beauty ,  which  hardly  needs  close 
analysis,  they  are  too  fastj  too  migratory  in  their  liubits,  to  learn  any 
thing  which  needs  perfect  fidelity  and  vigilance  confined  to  a  very 
narrow  circle  of  facts.  They  are  the  musicians,  and  we  might  almost 
say  the  sensuous  poets  of  the  animal  world  ;  but  musicians  and  sensu- 
ous poets  do  not  conduce  to  progressive  knowledge  and  ethical  cult- 
ure. Birds  range  too  high  and  fly  too  fast  for  sympathy  with  man, 
and  so  it  happens  that  their  intellectual  powers,  remarkable  and  unique 
as  they  are  in  the  animal  world,  never  become  so  human  and  so  almost 
spiritual  as  those  of  creatures  which  can  only  boast  of  very  inferior 
powers. — SpectcU&r, 
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^^  By  Pfior.  JOSEPH  CZER&IAK.*  ^^| 

\  TIAIIILATKD    fROM    T  H  K     GERMAST,     BY    CLARA     HAMMOND*  ■ 

GENTLEMEN :  I  propose  in  two  leeturee  to  bring  to  your  notice 
a  Bubjet't  wbich,  in  very  mftDy  reepectfl,  is  ooe  of  great  and  b- 
creasing  interest. 

The  physiological  facts  wkicli  I  sball  demonstrate  and  discusB^as 
tbey  occur  in  various  aaimalg,  are  remarkably  fitirprising.  They  nill 
afford  us  opportUfiiticB  for  making  deductions  which  are  luteresting 
In  their  historical  relatione,  and  they  will  aUo  serve  to  demoD- 
fitrate  to  us  how  man,  uneducated  in  natural  science,  is  deficient  in 
judgment  when  he  comes  to  Tiew  unfamiliar  incidents  of  Natore. 
They  will  show  us  that  such  a  man  examines  natural  phenomena  in  i 
way  which  is  certain  to  deceive  him,  by  convincing  Lim  that  be  btt 
observed  events  which  in  reality  never  occurred. 

The  obstinacy  and  lack  of  discernment  which  he  thus  bringff 
bear  on  his  investigations  are  truly  astonishing;  and  it  is  not  eiirpri^ 
ing,  therefore,  that  the  intelligent  inquirer  into  the  operations  of  Ka^ 
ture  should  place  little  reliance  on  the  testimony  of  highly-honorable 
persons  whose  minds  are  untrained  to  the  work  they  have  undertaken. 
Even  when  such  persons  are  possessed  of  great  culture — even  perh 
in  natural  science — but  are  not  infused  with  that  spirit  of  eiact  inv 
tigation  so  necessary  to  the  discovery  of  truth  in  Nature,  we  are  jiii 
fied  in  regarding  their  statements  with  hesitation  and  saspici" 
Often,  very  often,  we  are  obliged  to  listen  to  relations  of  unusual 
dubious  natural  events,  and  cannot  avoid  feeling  irritated  at  the  aw 
tions — which  the  speaker  regards  as  putting  an  end  to  all  argument 
"  I  was  there.  I  saw  it  all  with  my  own  eyea^  and  beard  it  with  mj 
own  ears.     What  I  report  is  actually  tnie  ! " 

The  relator  has  really  been  present ;  he  has  seen  and  heard  ev 
thing  of  which  he  speaks;  he  is  in  real  earnest,  and  he  tells  the  tmtB; 
and  yet  what  he  reports  has  never  taken  place,  and  the  real  iuveitigi' 
tor  of  Nature  is  perfectly  right  in  disregarding  his  testimony,  wliil^ 
at  the  same  time,  his  truthfulness  is  not  questioned. 

This  may  siiike  you  as  paradoxical.  It  is  so,  however,  only  in  ap- 
pearance, for  the  discrepancy  disappears  when  wo  come  to  make  i!w 
discovery  that  it  is  the  perception  of  the  observer  wMeb  is  at  firolt, 
and  that  the  eyes  and  ears  have  been  correct,  so  far  as  their  fnnctiooi 
were  concerned.     The  circumstance  is  what  I  call  a  vimi 

uneqtmily, 

*  ThG«e  lecturea  were  delivered  by  Professor  Czermok  (prooouiic«d  TRh«nnRk)  la  tb* 
pri irate  pliysiological  kboratory  of  the  UnlTeraitj  of  Leipsic,  on  the  24th  md  JWhrf 

JiiQun^rji  1873.  ,^^^ 
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lo  the  want  of  dtscenimeiit  in  which  such  an  observer  is  placed^ 
when  mireBtigating  Katiire,  he  regarda  the  temporary  coiticidenccs 
and  consequenoes  of  certain  reul  events  as  in  themselves  reaL  He 
accepts  these  cireumstauces  at  once,  and  witbont  thorough  investiga- 
tion, as  having  an  intimate  and  direct  relation  w^ith  real  events.  He, 
therefore,  forms  a  conception  of  something  which  is  not  real,  and  he 
reports  as  an  actual  occurrence  that  which,  in  the  way  he  means,  never 
in  fact  took  place.  Such  a  circumstance  constitutes  an  event  not  thor- 
oughly tested,  or  an  incident  unequally  investigated,  and,  I  helicve,  we 
are  not  merely  logically  justified,  but  morally  forced,  to  distinguish, 
among  events  in  the  perception  of  Nature,  a  new  and  especial  category, 
that  of  evenU  viewed  unequally.  In  this  category  are  embraced  cir- 
comstances  which  play  a  most  extensive  r6k  in  the  history  of  the  de- 
velopment of  the  human  mind.  Without  the  conception  of  this  class 
of  supposed  incidents,  we  would  never  be  capable  of  nnderstanding 
and  explaining  certain  obscure  appearances  and  tendencies  of  the 
hmnan  mind,  and  the  persistency  with  which  they  rise  and  maintain 
themselves  as  often  as  they  are  overthrown^  and  when  they  have 
Acarcely  even  had  time  to  disappear, 

KothiDg  strengthens  the  mind  like  a  habit  of  investigating  natural 
events  with  thorougbneas  and  sirictness.  Without  this  habit,  credu- 
lity and  superstition  can  neither  be  broken  nor  restrained. 

We  children  of  the  nineteenth  century  are  not  a  little  proud  of 

Kr  civilization,  culture,  and  enlightenment*  And  yet,  if  a  comparison 
re  made  between  the  ruling  mind  of  the  middle  ages  and  that  which 
now  reigne,  no  great  progress  would  be  perceived.  In  fact,  we  have 
DO  right  to  plume  ourselves  on  the  material  development  of  our  era,  so 
long  as  certain  tendencies  of  the  mind  remain  as  they  were  ages  ago, 
and  while  we  are  no  more  capable,  than  we  were  then,  of  investigating 
natural  events,  so  as  to  deduce  the  truth  from  them. 

It  would  carry  me  too  far  from  my  subject  if  I  were  to  give  even  a 
hasty  glance  at  all  those  tendencies  and  false  a|>pearances  which,  so  to 
f,  calunmiate  our  enlightened  and  cultivated  life.  It  will  suffice 
ly  to  mention  the  manias  of  table-turning,  spirit-rapping,  spliitital 
i(<,  animal  magnetism,  and  clairvoyance.  To-morrow,  at  the 
11  of  the  second  leclure,  I  will  give  a  more  detailed  account 
ttheae  subjects,  as  they  appear  in  the  light  of  facts.  In  what  I  have 
this  morning,  I  wished  principally  to  prepare  your  minds  for  the 
I  am  about  to  state,  and  for  the  proper  consideration  of  certain 
irently  wonderful  physical  plienomena  which,  though  partially 
:>wii  for  some  time,  have  received  no  scientific  investigation,  and 
bich^  therefore,  have  not  been  awarded  their  proper  place  in  the 
lomaiii  of  nervous  physiology. 

During  the  autumn  of  the  past  year,  while  sojourning  in  Bohemia,  I 
mude  iht?  acquaintance  of  a  gentleman  who,  in  the  course  of  one  of  our 
•deiittfic  dlscuflaious,  communicated  to  me  the  striking  information 
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that  be  had  not  only  Been  otherg  magnetize  crawfish,  but  had  him^fl 
B  eacceeded  in  the  attempt.     On  being  asked  for  fuller  partiealars  as  fl 
"  what  he  meant,  the  gentleman  told  me  that  the  whole  thing  was  fH 
commonly  simple.  I 

\  Tou  hold  the  crawfish  firmly  in  one  hand,  and  with  the  other  roalv 
magnetic  strokes  from  tbe  end  of  the  animal  toward  the  head*  If,  il  the 
mean  while,  when  making  these  passes  in  the  given  direction,  and  care- 
fully avoiding  any  other  movement,  the  tips  of  the  fingers  are  placed 
at  the  animars  back,  it  forms  an  arch  as  the  hand  is  withdrawn. 
Under  this  manipulation  the  crawfish,  in  a  short  time,  becomes  quicti 
places  itself  on  its  head  in  a  vertical  position,  using  its  feelers  and 
two  claws,  which  are  pushed  inward,  as  a  support.  In  this  peci 
and  unnatural  position  the  animal  remains  motionless,  until  pas^t^s  art 
again  made  in  the  opposite  direction,  beginning  at  the  head,  at  which 
it  begins  to  move  once  more^  tries  to  lose  its  equilibrium,  at  last  fall«^ 
and  crawls  away. 

As  my  informant  was  known  to  be  an  intelligent  man,  and  of  i 
most  credible,  honorable  character,  of  course  I  could  entertain  wk 
doubt  respecting  the  veracity  of  this  simple,  clear,  though  remarkalfl 
statement,  and  least  of  all  could  I  have  expressed  such  a  doobt  H 
him ;  but  my  knowledge  of  Nature  led  me  to  say  to  him  that,  althooiM 
I  placed  the  utmost  belief  in  his  communication,  I  was  of  the  onjn^| 
that  he  had  related  to  me  an  "  event  viewed  unequally/*  |^^| 

Indeed,  that  the  crawfish  placed  itself  on  its  head,  and  remSSH 
motionless  in  this  position  after  having  the  passes  made  over  i(,  wm 
certainly  an  actual  circumstance,  inasmuch  as  be  testified  to  it ;  bM 
that  the  so-called  "  magnetic "  strokes  with  the  finger-tips,  and  tH 
action  of  magnetizing,  were  the  actual  cause  of  the  crawfish's  coodl 
tion,  was,  for  me,  in  spite  of  hia  testimony,  and  without  wishing  to 
presume  upou  him,  no  real  incident,  that  I  could  accept  on  faith  and 
belief^  or,  above  all^  consider  worthy  of  an  earnest  inspection  •,  bccatiBe 
this  was  in  no  way  the  object  of  his  perception  and  eiamination.        J 

I  desired  him  to  show  me  the  experiment — not  that  I  expected  ■ 
demonstration,  nor  that  I  doubted  his  facts — but  mainly  because  I  hifl 
nothing  better  to  do,  and  I  thought  I  would  be  able  to  promise  btf^ 
on  this  occasion  a  clearer  idea  of  moderate  perceptions  in  Na(urr«  tf 
a  slight  service  on  my  part,  and  show  him,  with  an  eatample,  what  an 
"event  viewed  unequally"  was.     No  sooner  said   than   done,    Th^ 
order  was  given  to  procure  crawfish  from  a  neighboring  brook,  ao<l  w* 
soon  had  a  basketful  before  us.  ■ 

What  then  happened  I  will  illustrate  to  yon  in  the  same  way  thfl 
we  performed  the  experiment  then,  for  I  have  here  in  this  vetfdl 
number  of  crawfish  all  ready.  My  friendly  companion,  sure  of  ih#lfl 
suit  of  his  experiment,  seized  one  of  the  animals  and  began  Ms  ^'iliifl 
netic  "  strokes,  from  the  end  toward  the  head,  exactly  as  I  am  doiaf 
_^Xiow«    The  crawfish,  which  at  first  resisted,  gradually  beeamt  oiliii» 
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IHBir^  indeed^  hia  croaked  tail  bigb  in  the  air,  he  places  himself  on  his 
bead,  aod  remains  motioDles^,  as  if  asleep,  in  this  forced  and  unnatural 

rition ;  while  he  finds  his  support  in  his  feelers  and  two  under  claws. 
It  is  really  a  surprising  sight  I  While  we  then,  as  now,  saw  the 
j^Dclusion  of  the  experiment  with  satisfaction  and  interest,  I,  on  my 
paFt,  bad  seized  an  animal  with  the  intention  of  endeavoring  to  place 
t  on  its  head,  without  the  magnetic  strokes,  and  thereby  to  remove 
fhe  reasonable  thought  of  a  secret  ^^  magnetic  "  iu3nence  contained  in 
^  strokes, 

^And  see  I — my  crawfish,  after  in  vain  struggling  in  my  firm  grasp, 
mually  stood  just  as  motionless  on  its  head  as  the  one  which  my 
compainion  had  magnetked,  and  as  tliis  one  here  which  I  have  placed 
before  you  on  its  bead,  without  a]l  that  deceptive  magnetism.  And 
how  was  it  with  the  opposite  strokes,  beginning  from  the  head?  My 
friend  worked  zealously  with  these  strokes  upon  hb  crawfish,  while  I' 
represented  the  opposite  experiment.  It  lasted  some  time,  until  the 
nwfish  began  to  move,  and  at  la&t  fell  over  and  crawled  away. 
■Ton  see  that  my  strokes  here  with  this  crawfish  have  so  far  no  re- 
Kit,  and  I  fear  you  will  lose  all  patience.  Indeed,  let  us  confidently 
iaternipt  this  opposite  manipnlationj  and  let  us  rather  place  the  rest  of 
Ibe  crawfish,  without  magnetism,  on  tiieir  heads,  in  order  to  confirm 
this  striking  circumBtance  again.  The  longer  we  wait  before  resuming 
Ute  mag^netic  strokes  from  the  head,  the  more  sure  we  are  at  last  to 

Kthe  benefit.  It  is  the  same  with  this  as  with  the  solemn  request 
Catholic  parish  in  Austria  to  their  priest,  wbicb  was^  to  send  rain 
heaven  upon  their  pa  relied  fields,  to  which^  however,  the  enlight- 
ened "  Joseph^"  in  order  to  postpone  it  a  little,  said  :  "Yes,  willingly, 
children  ! — but  not  just  yet,  the  barometer  has  been  much  too  high  for 
I  time  past  1  '*  Let  us  then  follow  the  good  advice  of  the  wise  pas- 
N  yott  will  see  yourselves,  if  you  wait,  that  gradually  all  the  crawfish, 
nding  motionless  on  their  heads*,  move  again  of  their  own  accord, 
bout  any  mysterious  manipulation  I  In  regard  to  the  influence  of  the 
E-r  motion,  it  is  nothing  at  alL  We  are  able  to  act  upon  the  altered 
rous  system  of  the  crawfish  by  median ical  means,  through  the  in- 
fice  of  a  stream  of  air,  through  a  sudden  coolness  or  warmth,  or 
&ugh  the  natural  disturbance  previous  to  the  awakening ;  that  is, 
\  restoration  of  the  normal  functional  capacities. 
|Yuu  also  see,  gentlemen,  our  experiment  then  and  now  has  ter- 
ited  exactly  as  I  predicted,  and  I  hope  that  you  will  now  be 
iTtnecd,  as  my  companion  was,  that  the  so^alled  "magnetizing" 
Hf  the  crawfish  is  an  actual  event ;  bnt,  as  I  say,  one  "  viewed  un- 
^foally/^  and,  therefore^  not  one!  At  the  same  time,  the  idea  yt\\\ 
fcMOOtne  clear  and  distinct  to  you,  which  I  have  associated  with  the 
l^oriptioD  of  "  events  viewed  uneqnully,"  and  the  reason  that  1  have 
ihoseti  this  particular  description,  to  demonstrate  something  which  ia 
IOC  aa  eTent  at  all,  will  be  apparent  to  you« 
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The  only  actual  fact  in  the  "magnetism"  of  the  crawfish  is  the 
motionless  state  which  follows  the  strokes  in  the  air.  While  one  cod- 
eiders  this  actaal  succession,  without  any  examination,  to  be  a  mystt- 
rions  connection  of  the  "  magnetic  "  inflnence,  so  one  thinks  this  non- 
existing  connection  to  be  a  real  event,  and  decidedly  true,  Therefort, 
I  call  siich  events  which  never  took  place,  none  the  less  circumstaaeeS) 
but,  in  order  to  distinguish  them  from  actual  ones,  I  designate  them  u 
**  viewed  unequally."  I  do  this  in  order  to  indicate  the  characteristic 
circumfitauce  that,  in  the  foundation,  something  of  actuality  eidst!, 
and  thus  gives  them  an  appearance  of  reality.  This  immediately 
strikes  the  person  whose  judgment  is  not  altogether  exact,  and  <^d 
only  be  removed  by  a  dose  examination  and  inspection.  This  last, 
however,  is  not  the  case  with  every  one,  and  thus  the  great  powers  of 
reason  and  prudence  which  execute  these  events  explain  themst?lTefi, 
and  also  explain  the  immense  r6le  which  they  play  in  the  history  of 
human  error. 

In  the  so-called  magnetizing  of  the  crawfish,  the  only  actual  inci- 
dent is  the  one  already  mentioned.  This  is  simple  enough,  as  the  craw- 
fish possesses  the  remarkable  quality  of  being  able  to  lose  the  normal 
excitation  and  power  of  acting  belonging  to  its  nervous  system,  and 
is  also  capable  of  supporting  itself,  when  it  is  placed  gently  in  mm& 
particular  position,  in  spite  of  its  former  resistance.  As  to  the  mag- 
netic strokes,  they  have  certainly  no  significance. 

That,  however,  the  actual  change  of  posture  in  the  crawfish  does 
nol  depend  upon  a  mysterious  magnetic  fluid,  which  proceeds  from  tlie 
fingers  and  hands  of  the  experimenter,  is  proved  by  the  attempt  in 
which  the  crawfish  is  not  touched  and  held  by  the  hand  in  any  way. 
In  this  experiment  the  crawfish  is  held  by  a  string,  and  that  Btrikini; 
condition  of  immobility,  which  lasts  some  time  and  then  disappears,  is 
just  as  apparent  in  it  as  in  the  others. 

I  will  place  a  loose  string  around  the  tail  of  this  crawfish,  without 
moving  the  animal,  draw  the  ends  lightly  together,  and  hang  the  craw- 
fish by  means  of  it  on  this  fmme.  You  see  how  the  animal,  with  its 
head  downward,  In  vain  strives  to  free  itself  from  its  unnatural  positioa 
This,  however,  does  not  last  long.  It  becomes  qniet,  and  finally  hangs 
completely  motionless,  as  though  it  had  been  held  firmly  in  my  hand. 
This  continues  until  it  sooner  or  later  begins  again  to  move  of  its  own 
accord. 

With  a  glass  tube  I  will  roll  this  second  craw^fish  on  its  back;  it 
endeavors  to  regain  its  proper  position  ;  but,  in  consequence  of  bdog 
prevented  with  the  glass  tube,  it  does  not  succeed.  The  animal's  «• 
Bi!4tance  is  fruitless  ;  the  tube  holds  it  firmly,  and  see  I  it  now  remaini 
quiet  on  its  back,  and  will  sooner  or  later  move  again  of  iu  own 
accord. 

Now,  as  in  the  former  experiment,  we  can  no  longer  speak  of  > 
magnetic  infiuence,  proceeding  from  the  experimenter,  but,  neverthe* 
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lesS)  m  both  coses,  the  crawfisb  remained  Tnotionkss  after  its  first  re* 
gietance  was  made  aoBoccessful,  by  means  of  the  tube  and  pure  me- 
cbonical  force.  But  crawfish,  which  crawl  briskly  in  their  course 
backward,  often  remain  for  some  time  motionless,  a  rcsnlt  which 
is  caused  by  no  visible  circumstance.  We  thus  learn  that  normal, 
unmolested  crawfish  can  become  motionless,  just  as  well  as  the 
ones  we  experiment  with,  only  the  mysterious  character  of  these  ex- 
perixnentfl  does  not  lose  all  its  interest,  for  we  see  that  the  immobility 
which  we  occasion  by  our  preparation  cannot  be  prevented,  while 
the  crawfish  which  is  Bot  subjected  to  our  manipulations  becomes 
motionless  through  no  demonstrable  or  extraordinary  circumstance* 
fain,  we  see  that  the  experimental  crawfish  become  immobile,  and 
I  so,  notwithstanding  that,  in  consequence  of  the  unnatural  po- 
ions  in  which  they  are  placed,  they  are  exposed  to  a  powerful  in- 
ducement to  move,  and  cannot  be  quite  determined  as  to  the  normal 
condition  and  degree  of  excitability  of  their  nervous  systems.  The 
tmmolested  crawfish,  however,  experiences  no  such  emotion. 

Of  the  latter,  which  fall  into  a  motionless  state  and  remain  so, 
two  kinds  may  be  seen.  Either  the  crawfish  is  in  a  normal  and  wake- 
ful condition,  and  does  not  move  because  it  has  no  motive  for  doing  so, 
and  oonsequently  does  not  wish  to  move,  or  else  it  cannot  move  be^ 
cause  it  is  exhausted,  or  finds  itself  in  a  state  of  lethargy  and  sleep. 
In  regard  to  our  experimental  animals  there  is  no  doubt,  as  already 
itAted,  that  they  are  placed  in  positions  in  which  they  would  move  if 
could,  that  is,  if  they  were  in  a  condition  capable  of  working 
ir  nervous  system. 

And  thus  you  see  how,  through  a  minute  and  scientiHc  inspection, 
I  have  arrived  at  the  fact  that,  instead  of  finding  the  actual  circtmi- 
nee  by  magnetizing  the  cram^fish,  the  animals  in  winter  and  autumn, 
ken  their  instinct  is  duller  than  at  other  seasons,  possess  the  remark- 
able quality  of  losing  the  normal  excitability  of  their  nervous  systems, 
Ka  in  the  most  forced  positions ;  also  that  they  are  again  able  to 
ntain  their  equilibrium  in  spite  of  resistance  made  at  first,  after 
f  have  been  held  firmly  a  certain  time. 

I  remember  ouce  seeing  a  like  eifect  in  hens  which  had  been  ex- 
perimented upon  in  the  same  way.  I  had  already  known  of  this  fact, 
but  had  never  possessed  the  opportunity  or  occasion  to  give  it  a  strict 
^fe«$tigation.  I  therefore  concluded  to  experiment  upon  the  poultry- 
Hrd  of  my  hospitable  country-friend  with  whom  I  was  then  staying. 
Jhny  of  you,  no  doubt,  have  been  told,  or  else  know  from  your  own 
experience,  that  wild,  frightened  hens  which  one  has  had  great  dif- 
ficulty in  catching  and  holding,  arc  liable  to  become  completely 
Rtionless  as  if  enchanted  by  some  magical  spell,  after  being  held 
h  gentle  force  upon  the  floor  or  table  where  a  chalkdine  has  been 
drawn  the  length  of  the  beak  or  diagonally  from  each  eye.  Now,  al- 
jtetigH  this  sounds  very  Incredible,  it  is  an  actual  fact  and  I  wOl 
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endeavor  to  demonstrate  it  to  you,     Tet,  I  am  obliged  to  say  exprefl 

ly  beforebaiicl  tbat  I  caunot  promise  you  this  experiment  will  socoi^l 
in  consequence  of  this  large  assembly,  tbe  light,  and  the  room,  whicH 
in  spite  of  the  quiet  and  attention,  is  not  wholly  free  from  noise.  I 
have  never  performed  this  experiment  under  such  circumstances,  and 
therefore  cannot  say  whether  any  di^turbbg  influence  would  aflVct 
my  hen. 

I  must  call  to  your  remembrance,  for  my  own  safety  as  a  carvibl 
and  circumspect  experimenterj  that  we  are  making  a  new  experiment, 
or,  in  fact,  an  old  one  uuder  somewhat  altered  circumstances.     Th 
fore  we  must  be  fully  prepared  to  make  a  new  discover}*,  which 
probably  undeceive  us  in  no  agreeable  manner,  if  it  robs  it»  of 
pleasure  of  confirming,  now  and  here,  the  wonderful  accounts  relatil 
to  the  condition  in  which  a  timid  hen  can  be  placed  after  such  ap 
ently  insipul  and  senseless  preparations. 

(The  lecturer  caused  one  of  his  assistants  to  bring  him  a  hen  ai 
hold  it  fast  upon  the  table.     This  was  done  after  much  resistance 
many  cries  from  the  frightened  bird ;  then  with  his  left  hand  he  h 
the  head  and  neck  of  tbe  hen  uj>on  the  table,  and  with  his  right  h»i 
drew  a  chalkdine^  beginning  from  the  end  of  the  beak,  on  the  ^t  s 
face,  which  was  of  a  dark  color.     Left  entirely  free,  the  hen,  thoa; 
breathing  heavily,  remained  entirely  quiet  ujkju  the  table;  then^  vn 
out  moving,  it  allowed  itself  to  be  placed  on  its  back,  and  remained 
this  unnatural  position  until  the  close  of  the  lecture.     It  only  awul 
when  the  audience  began  to  leave.) 

When  I  performed  this  experiment  for  the  first  time  and  with  the 
same  result  as  you  now  see,  I  was  for  the  moment  dumb  with  la-, 
tonishment,  for  tlie  hen  not  only  remained  motionless  in  its  unuat 
and  forced   position,  but  did  not  make  the  slightest  attempt  to 
away  or  to  move  in  any  manner  whatever  when  I  endeavored 
startle  it.     It  was  clear  the  hen  had  lost  the  entire  normal  function 
r  capacities  of  its  nervous  system  under  the  apparently  indifferent  ai 
I  useless  arrangement  of  the  experiment,  and  had  been  placed  in  tbi 
remarkal>le  condition  as  though  by  magic.   This  state  is  characieriat'd 
by  a  greater  or  a  less  suspension  of  its  intelligence  or  will 

But  nil  admiran  is  the  first  maxim  of  the  moderate  investigator 
of  nature.  We  must  now  ascertain  the  actual  connection  of  thM^H 
phenomena,  so  as  not  to  stand  still  at  an  *' event  viewed  uneqnallT,''^^ 
like  old  Athanasius  Kircher,  the  celebrated  savani  and  Jesuit  from 
Fulda,  who  affirmed  this  mysterious  result  in  one  of  his  works  wbich 
appeared  tn  Home  about  164t),  *^  Ars  marina  lucU  et  umhrcf^  w  * 
positive  corrobora^on  of  the  immense  imagination  of  hens,  Klrcbef 
performed  the  experiment  (which  he  called '*  ft«/wTi/n^i/iim  tninMli 
de  imaginatione  galUiim^'*  and  illustrated  excellently  with  a  fine  woo4^ 
cut)  in  the  following  way: 

He  first  tied  tlie  hen's  feet  together  with  a  narrow  ribbon  and  W^ 
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Bbe  animal  on  the  groundj  where  after  many  cries  and  riolent  strug- 
■luig  it  became  quiet,  *'  as  if,"  he  says,  "  deBpairmg  of  escape  tlirongh 
|Uie  fruitlessnees  of  its  motions,  it  ^ave  itself  iip  to  tbe  will  of  its  con- 
queror/* Then  Kircher  drew  a  chalk-Hue  in  a  diagonal  direction  from 
one  eye  to  the  other,  loosened  the  ribbon,  and  the  hen,  although  left 
perfectly  free,  remained  immovable,  even  when  he  attempted  to 
ronse  it. 

Therefore  Kircher  affirms  that  the  hen  thinks  the  chalk-line  a  string 
by  which  it  is  bound  as  at  its  feet,  notwitlislanding  that  the  ribbon 
has  been  loosened*  This  he  attributes  to  the  force  of  the  animal's 
imagination. 

In  this  way  Kircher  reports  something  which  never  took  place, 
although  his  confirmation  partakes  of  reality.  He  also  places  his  as- 
sertions in  that  fatal  category  of  "events  viewed  uneqnaUy,"  which 
plays  such  an  important  r6le  in  the  history  of  human  error. 

Ab  soon  as  I  had  recovered  from  my  extreme  astonishment  at  the 

^gical  effect  which  I  perceived  at  the  first  experiment  I  made,  I 

ftmediately  rubbed  out  the  chalk-Une.     My  astonishment,  mingled 

ith  satisfaction,  returned  for  a  moment,  as  I  saw  the  hen  remain 

ationlesa  although  the  chalk  had  entirely  disappeared.     The  chalk- 

ae  appeared  just  as  onneceasary  as  at  the  first  and  following  experi- 

aents.     Certainly  this  might  have  resulted  from  an  after-effect  of  the 

ae.     In  order  to  inspect  this  more  clearly,  I  performed  my  experi- 

lient  so  that  I  held  the  hen  firmly  for  some  time,  and  stretched  out 

the  head  and  neck  as  if  I  were  going  to  draw  the  chalk-line,  but  in 

tfility  did  not  do  it.  And  !o !  the  hen  remained  just  as  immovable 
if  the  line  had  really  been  there ! 
It  is  therefore  an  actual  fact  that  the  chalk-line  and  ribbon  are 
tirely  unnecessary.  What  Kircher  affirms  relating  to  the  imagina- 
tion of  tbe  hens  in  regarding  the  chalk-line  as  a  band  which  holds 
them,  is  only  an  "  event  viewed  unequally,"  consequently  no  event  at 
all.  Observe  that  the  only  actual  fact  in  Kireher*s  report  is  the  motion- 
kfis  condition  of  the  hen  after  the  line  has  been  drawn.  While  he 
takes  this  temporal  coincidence  without  farther  investigation  for  an 
actual  event  caused  by  the  hen's  power  of  imagination,  he  reports  a 
circumstance  which  really  never  happened,  at  least  not  in  the  way  he 
thinks. 

Through  my  simplified  arrangement,  without  either  chalk  or  string 
I  have  not  only  placed  liens  in  this  stupefied  condition,  but  also  geesdyi 
ducks,  turkeys,  and  even  a  timid,  unruly  swan.     This  state  makes  tbe] 
animals  incapable  of  escaping,  or  even  of  changing  their  forced  posi^l 
tions.     This  strange  condition  lasts  often  for  a  minute,  indeed,  fre- 
quently a  quarter  of  an  hour  and  longer,  and  is  so  intense  that  the 
animals  can  only  be  roused  after  repeated  blows.     Yes,  the  animals 
— as  you  have  seen  yourselves — can  be  turned  over  on  their  backs 
without  awaking  or  showing  the  least  resistance.   When  they  are  thus 
TOL,  in. — 40 
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moved  one  can  frequently  perceive  that  tbe  head  of  the  hen,  as  though 
held  by  an  invisible  hand,  keeps  its  proper  position,  while  the  neck  i« 
twisted.  At  the  same  time,  the  foot  on  the  side  which  did  not  come 
in  contact  with  the  floor  when  the  animal  was  moved,  is  drawn  up 
with  the  claws  cramped,  while  the  foot  on  the  other  side  is  stretched 
downward.  So  the  hena  remain,  jii£t  as  ours  Is  here  on  the  table,  for  A 
long  time,  breathing  heavily,  but  otherwise  completely  motionless  on 
their  backs,  until  at  last  either  by  themselves  or  by  some  other  meatti 
they  are  aroused  and  fly  away. 

My  experience  with  simply  holding  down  the  necks  and  heads  of 
the  hens  on  the  ground  did  not  prove  efficacious  with  all  hens,  %ni 
was  more  or  less  so  with  the  same  ones  at  diflerent  times  and  nader 
diflftjrent  circumstances.  Wild  hens  seem  better  for  this  experiment 
than  those  which  have  already  been  used  and  which  are  accod* 
tomed  to  be  near  people.  Under  all  circumstances  the  snccess  of  my 
aimplified  experiment  proves  that  the  tying  of  the  hen*s  feet,  and  the 
drawing  of  the  chalk-line,  as  Kircher  did,  are  entirely  uiinecessafy. 
The  moment  wlien  the  remarkable  change  takes  place  concerning  ihfi 
capabilities  of  the  hen's  nervous  system,  appears  to  be  at  the  stretclh 
ing  out  of  the  head  and  neck,  where  possibly  a  slight  mechanical  ex- 
tension of  certain  parts  of  the  brain  may  take  place,  apart  from  the 
fear  which  the  animal  experiences  at  being  held  forcibly. 

The  chalk-line  and  the  oppression  of  the  tight  band  which  are 
actually  quite  dispensable,  appear,  on  the  other  hand,  open  t^j  pare 
deception.  I  myself  was  deceived  at  first.  We  must  only  be  care 
ful  not  to  stand  still  at  "an  event  viewed  unequally,"  as  the  wij- 
learned  do.  For  the  complete  dispensableness  of  the  string  and  chalk- 
line  does  not  prove  its  absolute  indifference  and  ineffectiveness ;  aad, 
on  the  other  hand,  the  gentle,  mechanical  extension  of  the  brain  acJ 
spinal  marrow,  in  consequence  of  the  equalization  of  the  cuxrataw 
which  takes  place  in  the  vertebral  eolomn  at  the  forcible  stretching 
out  of  the  head  and  neck,  is  a  very  plausible  thought,  though  not  ex- 
actly a  thoroughly  well-founded  one.  There  is  nothing  else  to  he  doiwi 
We  must  patiently  and  circumspectly  continue  our  investigatioa  ssd 
experiment,  in  order  to  find  the  actual  connection  of  the  phenomexta* 

Yon  see  that  firm,  strict,  natm^al  investigation  is  ijo  child's  pbft 
It  demands  simple  and  proportionate  incidents,  an  insight,  a  ciitjani* 
spection  and  criticism,  which  the  people  who  proclaim  and  testify  ta 
the  reality  of  moving  tables,  flying  guitars,  self-playing  piano^rap- 
.  pings,  etc.,  as  spiritual  manifestations,  do  not  possess*  Yes,  if  it  weft 
'so  easy  and  simple  to  discover  new  features  of  Nature,  or  only  to  fin4 
out  natural  scientific  incidents,  certainly  every  one  could  be  an** in* 
vestigator." 

I  might  have  occasion  here  to  express  the  just  indignation  whidi 
the  unscientific  and  frivolous  man  infuses  into  the  mind  of  an  inn**t^ 
gator  of  Nature.     But  our  limited  time  to-day  has  passed  so  qnicklj 
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that  I  Will  close  with  this  remark :  Above  all,  it  is  Dot  my  intention  to 
express  difierent  frames  of  mind  and  subjective  feelinge,  but — the  next 
time  —  to  complete  the  investigation  of  Kircher's  ^^  experimetitifm 
mirabile,'*^  I  do  thisj  finally,  in  order  to  bo  able  to  follow  it  idth 
a  general  experimental  investigatioa  of  spiritualism  and  spiritual 
msnife  Stat  ion  s>  which  all  those  who  are  capable  of  an  unprejudiced 
deliberation  may  find  clear  and  comprehensible.   Till  to-morrow,  then, 

■' J"ANY  animals  possess  the  attribute  of  voice,  but  man  is  the  only 
Ty_L  one  among  them  all  capable  of  modulating  voice  into  speech. 
This  he  does  by  changing  the  shape  of  the  cavities  of  the  throat, 
maath,  and  nose,  by  tlie  actions  of  the  rauBcles  which  move  the  walls 
^tliose  parts,  and  by  the  movements  of  the  tongue.  The  latter  orga& 
^bonmionly  credited  with  the  most  important  share  of  the  work ;  a 
Hiinction  to  which,  as  we  shall  soon  see,  it  is  far  from  being  entitled. 

The  sounds  of  the  vowels,  in  ordinary  speech,  are  produced  by  a 
contlnnous  expiration,  the  mouth  being  kept  open,  and  the  form  of  its 
aperture  changing  with  the  utttTance  of  each*  Certain  consonants 
may  also  be  pronounced,  without  interrupting  the  current  of  expired 
tir,  by  alterations  in  the  shape  of  the  throat  and  mouth  :  A,  for  exam- 
ple, is  the  result  of  a  little  extra  expiratory  force ;  jj,  z^  sh^  and  J  in 

De  cases,  th^  /,  r,  /,  and  t?,  may  likewise  all  be  produced  by  contin- 
I  currents  of  air  forced  through  the  mouth,  the  shape  of  the  cavity 

rhich  is  peculiarly  modified  by  the  tongue  and  lips.  All  the  other 
[>n&ntal  sounds  of  the  English  language  involve  the  blocking  of 

t  air-cturent  in  its  passage  through  the  month.  In  the  case  of  m 
«,  Ih  is  prevented  from  issuing  through  the  lips,  and  is  forced 
liirough  the  nose ;    while  the   remaining  consonants,  termed  explo- 

Ri,  such  as  b  and  /?,  are  produced  by  shutting  the  passage  in  both 
th  and  nose,  and  forcing  the  vocal  current  through  the  obstacle 
fismished  by  the  mouth,  changes  in  the  form  of  which  give  to  each 
MmM>nant  its  peculiarity. 

Thia,  in  brief,  is  the  explanation  given  by  Huxley,  of  the  formation 
rfarticalote  sounds;  and  it  will  be  seen  that,  while  the  tongue  is  inti- 
RHtteljT  concerned  in  modifying  the  shape  of  the  oral  cavity,  only  a 
bw  of  the  sounds,  such  as  those  of  d,  t,  *,  s/i^  /,  and  r,  and  sometimes 
%  require  its  presence,  and  most  of  these  even  may  be  approximately 
ot>nded  without  it.  In  his  '^Elementary  Lessons  in  Physiology,", 
^^£.  Huxley  relates  the  case  of  a  man,  examined  by  him,  whose 
^fcue   bad  been  removed  as  completely  as  a  skilful  surgeon  could 
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perform  the  opcrationi  two  incbes  and  a  half  of  tlie  member  bar- 
ing thus  been  lost.  The  stump  could  be  seen  occupying  a  position 
as  far  back  as  the  anterior  pillars  of  the  fauces,  forward  of  which  point, 
when  the  month  was  open,  it  could  not  be  advanced.  Tet  this  persoo 
could  talk  with  little  apparent  difficulty,  giving  most  of  the  eoonds 
with  ease ;  «  and  «A,  /,  and  r,  and  final  ^'s,  were  more  or  leas  imper- 
fect, but  d  and  t  were  the  only  ones  completely  beyond  his  power. 
Well-authenticated  cases  of  a  similar  character  have,  from  lime  lu 
titpe,  been  recorded ;  a  few  of  the  more  remarkable  of  which  are  giTCfl 
in  the  following  pages. 

Cutting  out  the  tongne  was  a  form  of  punishment  freqnenUr  b* 
flicted  in  ancient  times.  In  a,  d»  484,  sixty  Christian  confessors  of 
Tipasa,  a  maritime  colony  on  the  north  coast  of  Africa,  had  ihcir 
tongues  cut  out  by  order  of  Huuneric,  the  Vandal  conqueror ;  but,  in 
a  short  time,  some  of  them  at  least  were  able  to  speak  with  socb  di»- 
ttnctness  that  they  went  about  preaching  again.  Pope  Leo  IIL  i* 
said  to  have  suffered  a  similar  mutilation  in  19%  and  afterward  r^ 
gained  his  speech*  In  the  siirteenth  century,  a  band  of  French  Prot- 
estants were  condemned  to  have  their  tongues  cut  out  bejbn>  tli^T 
were  led  to  the  stake.  One  of  them,  immediately  after  the  execution 
of  the  sentence,  repeated  three  times,  "  Le  nom  de  Dien  aoit  b^ni  I  ^ 
(GM^s  name  be  blessed).  In  another  case,  the  martyrs  spoke  so  ii^ 
llnotly  after  losing  the  tongue,  that  the  executioner  was  accoBed  of 
haTing  failed  to  carry  out  the  sentence. 

The  ability  to  speak,  after  being  thus  deprived  of  ibe  Itmgai^  wi» 
long  account^  miraculous,  and  regarded  as  a  signal  mark  of  dirioe 
&Tor.  Even  as  late  aa  the  present  generation  this  riew  of  tbe  mncf 
has  been  nmntjuned,  in  spite  of  the  fact  that  the  accumulated  cspoi* 
eoce  of  surgeons  has  demonstrated  it  to  be  an  entirely  natnral  imlli 
with  nothing  miraculoua  about  it. 

Sir  John  Malcolm,  writing  from  Persia  in  18:26,  deacribea  llif  CttC 
of  a  chief  named  Zal  Khan,  who,  eomixig  into  disfavor  with  Iba  W^ 
iDg  monarch,  was  condemned  to  have  his  eyea  put  ooU    FalBiif  !■ 
his  appeal  for  a  recall  of  this  crael  sentence,  2M  Eahn  ^  lottM  Af 
tyrant  with  cursea,^  aad«  in  return,  his  tongne  was  ordered  le  bt 
om!L    lliia  order  was  imperfectly  executed,  and  tbe  Ion  of  kalf 
ttimber  b  reported  to  have  deprived  him  of  speeeh.     Being 
peranaded  that,  if  cut  cloee,  lie  might  be  able  to  speak  inteffifc^tfr 
with  the  root,  he  submitted  to  tbe  operation^  and  aiib«e<}oeii^ 
his  own  story  to  Halcolm*    These  statements  v,        '    ^  devbleu.  ^-^ 
in  185 7,  tbey  were  folly  oonfinned  by  Sir  John  j  ^  wboee  ia^iiin^ 

In  Persia^  wkere  %km  ouide  of  punis^hment  is  oomnoa,  led  to  tke  i^ 
eovery  of  many  Inalances  of  a  similar  nature.    Tlie  belief  ia  immsf^  p 
in  that  eomUj,  that  excision  of  the  tip  of  the  tongue  *   '^ 

•Iroya  tke  powir  of  ipeeek,  while  its  renoral  at  or  oinr  ike 
leavM  the  vietm  a  dkanee  of  r^^gainii^  the  ability  to  agaiii  fp^l 
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miud.    Sorgeona  are  agreed,  however,  thai,  far  the  purposes  of  talkhig, 
the  more  there  is  left  of  the  "  unruly  member  '*  the  better. 

But,  even  after  total  extirpation  of  the  tongue,  persons  have  been 
knawo  to  retain  the  faculty  of  speech  without  serious  impairment.  A 
case  of  this  character  is  related  by  Rolaud,  gurgeon  to  the  French  court 
in  16S0,  It  is  that  of  a  boy  who  lost  his  tongue,  when  six  years  old, 
firom  gangrene,  the  result  of  an  attack  of  small-pox.  At  the  time  he 
came  under  observatioD,  three  years  later,  all  that  remained  of  the 
cirgao  was  a  slight,  double  prominence,  flattened  and  attached  to  the 
floor  of  the  mouth,  extending  from  the  inside  of  the  chin  to  the  oval 
aperture  of  the  throat.  This  was  composed  of  muscular  tissue,  divided 
by  a  line,  and  was  like  two  little  muscles,  with  a  furrow  between  them. 
When  it  was  pressed,  or  when  the  child  spoke  or  swallowed,  it  swelled, 
gathered  itself  up,  and  retracted  from  side  to  side  toward  its  middle, 
or  from  one  side  of  the  mouth  to  the  other,  like  two  leeches  joined  to- 
gether, Rolaud  believed  these  small  bodies  to  be  the  remains  of  some 
of  the  muscles  ordinarily  employed  in  the  movements  of  the  tongue. 
This  child's  mouth  was  anomalous  in  other  respects.  The  palate  waa 
considerably  flattened,  and  the  teeth  were  in  a  double  row,  the  outer 
row  being  the  milk-teeth,  which  had  not  been  shed,  and  the  inner  row 
ihe  permanent  teeth,  which  had  come  up  behind,  and  i>ointed  inwari 
Both  these  conditions  the  French  surgeon  attributed  to  the  absence  of 
the  tongue,  which,  by  its  upward  pressure,  tends  to  produce  the  con- 
cavity of  the  palate,  and,  by  its  forward  pressure,  to  force  tlie  teeth 
mto  a  vertical  position.  The  entrance  to  the  pharynx  was  of  an  oval 
shape,  and  unusujilly  small.  The  uvula  was  long  and  thin,  descending 
^^nost  to  the  epiglottis,  and  the  tonsils  were  as  large  as  chestntits, 
^Botwiths  tan  ding  the  almost  complete  absence  of  any  thing  answering 
^■a  tongue,  and  the  additional  defects  enumerated,  the  child  was  able 
^Kepeak  intelligibly,  Bonami  and  Aurran  have  recorded  similar  cases 
^Bthe  "  Memoirs  of  the  French  Academy  of  Chirurgery.*' 
^"  A  still  more  remarkable  example  of  the  retention  of  the  powers  of 
iitlerance,  after  loss  of  the  tongue,  is  that  of  Margaret  Cutting,  whose 

I  lie  waa  brought  before  the  Royal  Society  of  England  in  1742,  and 
jam  in  1747.  This  girl  lost  her  tongue  by  what  was  supposed  to  be 
pneeff  when  four  years  old<  The  disease  first  appeared  in  the  shape 
kl  imall  black  speck  on  the  upper  surface  of  the  tongue,  and  rapidly 
\  its  way  quite  back  to  the  root.  One  day,  while  the  surgeon  who 
Had  the  case  in  charge  was  syringing  the  parts,  the  tongue  dropped 
viit,  the  girl  imme<Eately  thereafter,  to  the  great  astonishment  of  those 
W«0e]lt|  saying  to  her  mother;  "Don't  be  frightened,  mamma;  it  will 
fhiw  again  J'  Three  months  afterward  it  was  completely  healed,  with 
^Bl  m  Tetiige  of  the  tongue  remaining.  At  the  age  of  twenty  this 
*rl  wa«  carefully  examined  by  several  competent  gentlemen,  who 
yn  in  the  44th  volume  of  the  "  PhiloE^ophical  Transactions"  as  fol- 
regarding  her  condition :  "  We  proceeded  to  examine  her  mouth 
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-with  tbe  greatest  exactneas  we  could,  bat  found  not  the  least  appear* 
ance  of  any  remaining  part  of  the  tongue,  nor  was  there  any  urok 
,  ,  .  ,  Xotwithstanding  the  waot  of  so  necessary  an  organ  as  tbe 
tongue  was  generally  supposed  to  be,  to  form  a  great  part  of  mt 
speech,  and  likewise  to  be  assisting  in  deglutition,  to  our  great  ad- 
mii-aiion  she  performed  the  office  of  deglutition,  both  in  SMr^allawing 
solids  and  f  uids,  as  well  as  we  could,  and  in  the  same  manner.  And 
as  to  speech,  she  discoursed  as  fluently  and  as  well  as  othere  do.  ,  .  . 
She  read  to  us  in  a  book  very  distinctly  and  plain,  only  we  obsened 
that  sometimes  she  pronounced  words  ending  in  ath  as  ef,  end  as  mh^ 
ad  as  elb  ;  but  it  required  a  nice  and  strict  attention  to  observe  ercn 
this  difference  of  sound.  She  sings  very  prettily,  and  prononnces  ber 
words  in  sini^int?  as  is  common,"  * 

The  inabiUty  to  speak,  after  loss  or  mutilation  of  the  tongue,  ii 
sometimes  due,  not  bo  much  to  the  lack  of  that  organ,  as  to  tbe  state 
of  the  sufferer's  mind.     Like  those  patients  vnth  impaired  locomotive 
powers  who,  believing  they  cannot  walk,  seem  to  lose  the  power  of 
will  necessary  to  enable  them  to  try  to  walk,  the  person  with  an  im- 
perfect tongue,  laboring  under  the  impression  that  talking  is  impoi- 
sible,  fails  to  make  the  necessary  effort,  and  perhaps  would  iieT«r 
regain  the  faculty  of  speech  unless  startled  into  some  involautary  ei* 
clamation  that  convinces  him  of  his  mistake.     An  amusing  er--^  ^-^ 
of  this  accidental  recovery  of  speech  is  quoted  by  Dr,  W.  ^ 
Clarke  from  the  works  of  Par<5.     A  rustic  who  had  lost  a  portiatt  M 
his  tongue,  and  believed  he  could  not  apeak,  was  tickled  by  a  cooi* 
panion  while  he  was  in  the  act  of  drinking,  when,  in  spite  of  bis  men- 
tal impression,  words  burst  forth,     **He  attributed  this  to  the  use  of   I 
the  basin  that  he  was  holding  to  his  lips ;  and,  having  by  its  fncnttt 
regained  faith  in  his  powers  of  utterance,  he  always  carried  a  bMt 
about  with  him,  and  applied  it   to  his  mouth  when  he  wished  W  I 
speak.  .  •  .  The  effect  of  a  nervous  shock,"  says  Dr.  Clarke,  "ialii*  I 
tinctly  seen  in  a  case  recorded  by  the  celebrated  l>r.  Tulp,  of  a  yottiig  1 
man  sailing  in  Italy,  who  was  taken  by  pirates,  and  carried  toTudwf*   I 
On  account  of  his  refusal  to  turn  Moliammedan,  his  tongue  wit  ort  I 
out.     He  was  dumb  for  three  years,  but  recovered  his  speech  Buddiilf  J 
one  stormy  night,  when  he  was  terrified  by  a  vivid  flash  of  lightainf  ■ 
wliioh  was  followed  by  a  loud  peal  of  thunder.'*  I 

In  the  cases  thus  far  cited,  speech  was  fully  developed  before-  lot*  I 
or  mutilation  of  the  tongue  occurred,  and  the  other  organs,  hif^  I 
become  perfectly  educated,  were  subsequently  able  to  assuiut  uf  ■ 
carry  on  the  function.  What  is  more  remarkable  still,  not  only  Mi  I 
the  tongue  be  spared  after  the  power  of  speech  has  been  perfrdH 
but  it  appears  to  be  quite  unnecessary  to  the  development   of  ^^^H 

faculty*     Til  is  is  shown  by  a  case  described  by  M.  de  JussitfU,  tf^l 
more  interesting  parts  of  whose  narrative  are  given  by  Clarke,  ifiV 

^  ^  Quoted  from  W.  Fairllii  Clarke,  *'  Oti  iht  Dbeiwei  erf  the  T<ngai.'*  ^1 
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'art  on  the  **  Diseases  of  the  Tongue."  The  subject  was  a  girl,  born 
tonguele&s,  iu  a  village  of  Alemtejo^  a  small  province  of  Portugal. 
The  defect  was  first  made  known  by  her  inability  to  sock,  a  diilieuhy 
that  the  mother  obviated  by  press mg  her  breasts,  and  thus  forcing 
the  milk  to  flow  into  the  infant's  mouth  while  it  held  tlie  nipple 
tightly  between  its  lips.  This  girl  was  fifteen  years  old  when  first 
seen  by  Jnssieu,  who,  after  two  careful  and  thorough  examination 8, 
thus  describes  the  conditioo  of  her  month;  "I  remarked  only  a  small 
ievation^  in  the  form  of  a  mamelon,  which  rose  in  the  middle  of  the 
outh  to  the  height  of  about  three  or  four  lines.  This  elevation  would 
have  almost  escaped  my  observation  if  I  had  not  assured  myself  of  its 
existence  by  touch,  for  it  was  scarcely  visible.  In  pressing  it  with  my 
finger,  I  felt  a  sort  of  movement,  of  contraction  and  dilatation,  which 
showed  that,  although  the  organ  of  the  tongue  was  absent,  yet  the 
muscles  which  fonm  it,  and  which  are  designed  to  move  it,  were 
present;  for  there  was  no  hollow  under  the  chin,  and  I  could  only 
attribute  the  alternating  movements  which  I  have  described  to  these 
muscles.  .  .  •  Some  persons,  perhaps,  who  doubt  the  pos?>ibility  of 
any  one  speaking  without  a  tongue,  may  imagine  that  in  the  case  of 
this  girl  it  was  not  really  absent ;  but  that  by  some  natural  accident 
it  was  adherent  to  the  lower  or  lateral  portions  of  the  moutli.  But  an 
inspection  will  at  once  remove  this  impression;  for  not  only  is  its 
cavity  larger  than  usual,  but  at  the  back  the  uvula  is  distinctly  visible, 
ftnd  is  seen  to  be  more  than  double  the  usual  length,  and  also  a  little 
cker  than  ordinary.  It  stretches  almost  to  the  epiglottis,  and  forms 
It  the  back  of  the  throat  two  equal  rounded  openings  instead  of  one; 
while  in  other  subjects  the  aperture,  though  single  and  larger  than  the 
two  together  in  this  case,  can  only  be  seen  by  pressing  down  the  base 
of  the  tongue." 

The  function  of  speech  was  performed  by  this  girl  so  distinctly 
d  clearly  that  no  one  would  have  known,  without  being  told,  that 
le  tongue  wa»  absent.     She  could  clearly  pronounce  all  the  letters 
the  alphabet,  as  well   as  separate  syllables,  and  complete  sen- 
It  was  observed,  however,  that  some  of  the  consonants,  such 
/» y,  /,  ?*,  r,  5,  /",  ir,  and  2,  were  pronounced  with  more  difficulty 
ftD  the  other  letters,  and  that,  when  she  had  to  utter  them  slowly 
id  separately,  the  eflbrt   required   to   sound   them  was   shown   by 
nding  her  head  forward,  so  as  to  bring  her  cliin  nearer  to  the  throat 
laryor,  thus  raising  the  latter  and  placing  it  almost  on  a  level  with 
teeth. 

The  Medical  Record  quotes  from  the  Canada  Medical  and  Surgical 
ialy  for  March  of  this  year,  a  case  of  removal  of  the  tongue  and 
cr  jaw  of  a  man  aged  seventy-one  years,  in  order  to  get  rid  of  a  can- 
WA  mass  that  extensively  involved  those  parts.  Four  montlvs  after 
operation  he  was  brought  before  the  Medico-Chirurgical  Society  of 
lontreal ;  no  great  amount  of  deformity  was  observable,  and  *'  speech 
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WHS  restored  to  some  extent,  notwrthstandrng  the  entire  ablation  ot ' 
the  chief  organ  which  gave  it  articulate  utterance." 

**  The  singular  fact,"  remarks  Jussleu,  '*  of  a  mouth  which  oould 
ipeak  though  it  contained  no  tongue,  ought  to  comrinoe  ns  that  tto 
presence  of  a  tongue  is  not  absolutely  essential  to  speech,  since  there 
are  other  organs  in  the  mouth  which  contribute  to  produce  articulate 
blinds,  and  which  can  supply  the  lack  of  it.  The  uvula,  the  narei, 
the  palate,  the  teeth,  and  the  lips,  are  all  so  much  concerned  io 
speech,  that  whole  nations  are  distinguished  by  the  manner  in  which 
they  make  more  or  less  use  of  one  or  other  of  these  parts**' 


THE  LATE  PROFESSOR  JOHN  TORREY,  M.  D.,  LL  l\ 

WHEN  we  proposed  to  present  the  portrait  of  Prof,  Torrey  in  oar 
gallery  of  eminent  scientists,  we  little  thought  we  should  be 
called  to  speak  of  hini^  in  our  sketch  of  his  labors,  as  of  the  pust,  F^ 
several  years  his  health  had  been  so  delicate  as  to  cause  anxiety  to! 
family  and  friends,  and  he  each  succeeding  winter  seemed  to  be 
susceptible  to  atmospheric  changes.  Late  last  winter  he  had 
severe  attack  of  pneumonia,  which  left  him  so  weak  that  be  was  unah 
to  rally,  and  his  death,  which  was  in  a  measure  sudden,  occurred 
March  10th. 

Bn  John  Torbey  was  born  in  1796,  and  was  consequently,  al 
time  of  his  death,  in  his  seventy-seventh  year.     He  was  a  native 
the  city  of  New  York,  having  been  bom,  if  we  mistake  not,  in  Jt 
Street,     We  recollect  hearing  him  say  that,  when  a  boy  of  some  twrif 
years  of  age,  he  was  sent  of  an  errand  as  far  as  Canal  Street^  and  thai  I 
considered  it  a  great  hardship  to  be  obliged  to  go  so  far  into  the  coonl; 
after  dark.     He  had  in  youth  a  strong  liking  for  ma- ''  *  \nd  tl  \ 

time  had  the  intention  of  becoming  a  machinist,  but  ;  ry  i 

still  greater  attractions,  and  he  finally  concluded  to  study  mediou 
His  mechanical  talent  was  in  after-years  of  great  serrice  to  Dr*  Tor 
as  it  enabled  him  to  devise  and  construct  various  ingenious  forms  of  I 
paratus  for  the  illustration  of  his  lectures.     ^Yhile  quite  a  young  iDi 
he  entered  the  office  of  Dr.  Post,  then  one  of  the  leading  physieiani  i 
the  city.     At  that  day  physicians  dispensed  their  own  medicinea^  i 
it  was  the  duty  of  the  office'Students  to  prepare  the  yaiioits 
tinctures,  etc.,  and  put  up  the  prescriptions  for  the  pftlientai^ 
writer  has  frequently  heard  Prof.  ToiTcy  refer  to  the  great  rahie  I 
eiperience  was  to  him  in  after-life,  as  it  gave  him  an  emriy  trsitiiiy  ' 
chemical  manipulation  such  as  the  medical  students  of  the  i 
rarely  acquire. 

Dr.  Torrey  took  his  degree  at  the  College  of  Phyikiant  and  Sll^ 
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New  York  about  the  year  1820,     He  : 


'  liked  the  practica 


never  J 
of  medicine,  and  did  not  try  very  eameBtly  to  become  established  in 
it,  and  we  find  Mm,  in  1824,  entering  upon  the  duties  of  Professor  of 
Chemistry  at  the  United  States  Military  Academy  at  West  Point. 
We  may  here  remark  that  Dr,  Torrey's  icientific  life  was  twofold. 
While  he  is,  perhaps,  best  known  to  the  world  as  a  botanist,  it  wa«  as  a 
chemist  that  he  found  hia  remunerative  occupation.  From  the  time  of 
bia  acceptance  of  the  chair  at  West  Point,  up  to  the  day  of  his  death, 
he  was  engaged  either  in  teaching  chemistry  or  in  some  position  to 
which  his  profound  chemical  knowledge  adapted  him.  In  1827  be 
was  called  to  the  chaii*  of  Chemistry  in  the  College  of  Physicians  and 
Bargeona,  which  he  occupied  until  1854,  and  during  a  portion  of  this 
time  be  was  also  Professor  of  Chemistry  at  Princeton,  where  he  was 
issociated  with  Prof.  Henry, 

In  1864  the  United  States  Assay-Oflice  was  established  in  New 
Fork,  and  ProCTorrey  was  appointed  assayer,  a  position  of  y^v^dX  re- 
ipansibility,  which  he  held  at  the  time  of  his  death.  He  was  also  con- 
inltuig  chemist  to  the  Manhattan  Gas  Company,  and  was  often  engaged 
u  adviaer  to  establishments  where  chemical  knowledge  was  required, 
hk  early  life  Prof,  Torrey  was   an  enthusiastic  mineralogist^  and  the 

fc\  and  following  volumes  of  SiUiman^s  Journal  contain  important 
tributioDs  made  by  him  to  this  science.     Before  be  bad  received 
Hs  medical  degree.  Dr.  Torrey  became  one  of  the  founders  of  the 
Kew  York  Lyceum  of  Xatural  History,  and  was  one  of  the  eleven 
corporators  named  in  the  charter  of  that  institution.     Early  in  the 
tistory  of  the  Lyceum  he  was  elected  president,  an  office  which  be 
for  several  years.     In  the  first  number  of  the  Annals  we  find  a 
inical  paper  from  him,  and  tbe  earlier  volumes  of  this  publication 
iched  by  some  of  his  most  important  contribntions  to  science. 
Viotanical  career  of  Prot  Torrey  commenced  while  he  was  yet 
iodent  of  medicine.    His  first  botanical  publication  was  ^*  A  Cata- 
ue  of  Plants  growing  spontaneously  witbin  Thirty  Miles  of  the 
0f  New  York,"     This  was  presented  to  the  Lyceum  in  1817,  but 
Wai  not  published  until  1B19.    This  work,  which  consists  of  100  pages, 
bnow  exceedingly  rare,  and  chance  copies  offered  at  sales  of  libraries 
Wng  fabulous  prices.     We  find  quoted  in  this  catalogue  the  names  of 
thufte  who  were  distinguished  botanists  half  a  century  ago,  the  author 
acknowledging  aid  from  Mitchell,  Nuttall,  Rafinesqne,  Eaton,  Eddy, 
Le  CoDte^  Cooper,  and  others.     When  we  consider  the  youth  of  the 
anthor,  barely  twenty-one,  we  must  regard  this  eatalogne  as  a  remark* 
able  performance.     Only  those  who  liave  undertaken  similar  works  can 
Appreciate  the  amount  of  labor  necessary  to  its  production,  and  bota- 
pbta  who  go  over  the  same  ground  at  the  present  day  wonder  at  the 
pmipletenefia  of  this  catalogue.     It  gives  us  some  idea  of  the  astonish* 
Isg  growth  of  the  city  to  read  in  this  catalogue  some  of  the  author's 
&rari(0  localities,  fiuch  as  **  Love  Lane,"  "  Bogs  near  Greenwich,''  and 
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*'  Swamp  behind  the  Batanio  Gardeii,"  places  that  hare  long  been  cot* 
ered  by  paved  streets  and  brick  and  brown-sioue  blocks.  When  we 
read  that  one  rare  plant  is  found  "  in  sandy  fields,  abore  Canal  Street," 
we  get  a  gUrapse  of  what  tbe  Kew  York  of  the  author's  yonth  must 
hare  been*  We  have  dwelt  thus  upon  this  catalogue,  as  it  is  tbe  pre 
cursor  of  a  list  of  most  valuable  botanical  publications  which  we  can 
here  only  enumerate  in  chronological  order : 

1820,  "A  Notice  of  Plants  collected  by  Captain  N.  Dougla*i 
around  the  Great  Lakes  at  the  Head-waters  of  the  MississippL"— 
{SiUimafi's  Journal^  vol  iv.) 

1823.  "  Descriptions  of  some  New  or  Rare  Plants  from  the  Roclty 
Mountains,  collected  by  Dr.  Edwin  James.'* — {Annals  of  t/i^  Km 
York  Lyceum  of  Natural  History,) 

1824.  "A  Flora  of  the  Northern  and  Middle  United  States^  or  ft 
Systematic  Arrangement  and  Description  of  all  the  Plants  heretofore 
discovered  in  the  United  States  north  of  Virginia."  Elliott's  "  Bot- 
any of  South  Carol iDa  and  Georgia"  was  being  published  in  numhera 
at  the  time  Dr.  Torrcy  commenced  this  Flora,  which,  as  he  says  in  hif 
preface,  was  intended  as  a  "  counterpart "  to  Elliott's  work.  Like 
Elliott's  work,  bis  was  issued  in  numbers,  and  the  first  volume  was  com- 
pleted in  1824.  But  one  vohjme  of  this  work  was  published,  and,a«  » 
portion  of  the  edition  was  destroyed  by  fire,  it  is  now  only  rarely  to 
be  met  with.  It  contains  over  500  pages,  and  ioclades  the  first  twelve 
classes  of  the  Linnaean  system,  the  species  being  described  with  a  clear' 
ncss  and  minuteness  and  the  synonymy  elaborated  with  a  care  oof 
heretofore  displayed  in  any  work  upon  American  botany.  It  was  ibe 
first  work  in  which  our  Northern  grasses  were  treated  in  a  thoroagh 
manner,  and  sttidents  of  the  QraminctcecB  at  the  present  duy  find  tbit  i 
most  useful  work  of  reference.     At  an  early  day  the  author  f 

that  theLinnieau  system  must  be  superseded  by  tbe  natural  sybU:-- 
Jussieo,  This  consideration,  together  with  the  loss  of  a  largr  partef 
the  first  volume,  led  him  to  abandon  the  work.  In  order  to  supply 
the  immediate  wants  of  students,  he  prepared  a  compendium,  whUb 
gave  brief  descriptions  of  the  plants  contained  in  the  first  volume  of 
the  Flora  nnd  of  those  which  would  have  been  inclnded  in  the  saooB^ 
volume. 

1824.  *'  Descriptions  of  New  Grasses  from  the  Rocky  Mount«»i." 
— {Annals  of  the  Lycmim,) 

1824.   (Joint  author  with   Schweinitz.)     **A   Monograph  of  Ai 
North  American  Species  of  Carex.*' — (Annnh  of  the  Z/yeeunK) 

182e.  **  Compendium  of  the  Flora  of  the  Northern  and  Ifidllt 
States  ** — a  ftill,  concise,  and  compact  work,  referred  to  abov«. 

1820,  "Some  Account  of  a  Collection  of  Plants  made  dur"      " 
Journey  to  and  from  the  Rocky  Mountains  in  the  Summer  of  \ 
Edwin  F.  Jaim  s,  M  D.,  Assistant-Surgeon  United  States  Array."  j 
This  paper  was  read  before  the  Lyceum  in  1826,  but  was  not  |«^  I 
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IfifliiS  until  1828,  It  is  a  memoir  of  some  80  pages,  and  enumerates 
481  plants,  many  of  whicb  were  new  species.  This  was,  up  to  the  date 
of  its  publication,  the  author's  most  important  contribution  to  science, 
and  is  eren  now  frequently  referred  to  by  the  student  of  our  Western 
plants.  Besides,  it  has  an  especial  interest,  as  it  was  the  first  Ameri- 
can work  of  any  importance  in  which  the  arrangement  was  according 
to  the  natural  system.  The  only  earlier  publication  in  which  the  nat- 
nral  system  was  used  being  a  list  by  Abb6  Correa,  of  the  genera  in 
Muhlenburgh*s  catalogue,  arranged  according  to  the  natural  orders  of 
Jossieu* 

1831,  "A  Catalogue  of  North  American  Genera  of  Plants,  ar- 
ranged according  to  the  Orders  of  Lindley's  Introduction  to  Botany." 
Thia  was  published  both  in  a  separate  form  and  as  an  Appendix  to  an 
Americ-an  edition  of  Lindley's  work. 

1 836.  "A  Monograph  of  the  Cyperaceie." — {AnnaU  of  the  Lyceum,) 

1837.  *'New  Genera  and  Species  of  Plants." 

1838.  *'The  Flora  of  North  America,  by  John  Torrey  and  Asa 
Gray/*  was  commenced  and  published  in  numbers,  and  at  irregular 
intervals,  nntil  the  year  1843.  Dr.  Asa  Gray,  then  a  young  physician 
in  Western  New  York,  who  bad  already  shown  great  acuteness  in  his 
investigations  of  the  flora  of  the  part  of  the  State  in  which  he  re- 
sided, was  happily  associated  with  Dr.  Torrey  in  this  great  undertak- 
ing of  publisbing  a  "  Flora  of  North  America."  The  work  was  sus- 
pended with  the  completion  of  the  "  Composition,"  and  for  sufficient 
reasons.  Just  at  this  time  our  Government  began  to  explore  its  West- 
em  territory,  soon  greatly  enlarged  by  the  annexation  of  Texas  and 
the  acquisitions  by  the  war  with  Mexico.  New  botanical  material  ac- 
cumulated at  an  aatonishing  rate,  and  our  chief  hotaniBts  had  to 
choose  between  continuing  the  Flora,  and  allowing  these  botanical 
treasures  to  pass  into  other  hands.  They  wisely  determined  to  devote 
themselves  to  elaborating  the  new  material,  knowing  that  this  work 
would  be  contributing  to  the  future  flora  of  North  America,  which, 
from  the  enlarged  posseseions  and  more  thorough  exploration  of  the 
older  territory,  must  be  taken  up  tie  novo.  Both  authors  have  indus- 
trioofily  worked  at  the  collections  brought  home  by  the  various  gov- 
ernment and  private  explorers ;  thoBe  wholly  or  in  large  part  by  Dr, 
Torrey  are  here  enumeratei 

1843.  "The  Flora  of  the  State  of  New  York,"  being  a  portion  of 
**The  Natural  History  of  Nt-w  York."     This  work  is  in  two  large 
quarto  volumes,  of  over  500  pages  each,  and  illustrated  with  161  plates. 
The  descriptions  arc  all  redrawn,  elaborate,  and  in  a  somewhat  pop- 
ular style.     It  is  a  most  striking  testimony  to  the  industry  of  the  au* 
|B(t>r,  who,  while  engaged  upon  this  work,  and  making  important  ex- 
Hjmtions  incidental  to  it,  was  at  the  same  time  discharging  his  pro- 
^kional  duties  at  the  College  of  Physicians  and  Surgeons,  and  at 
HfinoetoQ. 
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1643*  ^'The  Report  of  Nicollet' g  Expedition*^  was  publiBlird  t^ 
year,  with  an  appendix  by  Dn  Torrey,  eoDtainmg  an  account  of  tie 
plantB  collected. 

1845.  ^'  Catalogue  of  Plants  collected  by  Lieutenant  Fremont  in 
an  Expedition  to  the  Rocky  Mountains;"  and,  in  the  same  volome, 
(Fremont's  Report)  **  Deseriptiona  of  some  Kew  Genera  and  Spedei 
of  FlantB  collected  in  Captain  J.  C.  Fremont^s  Exploring  Expedition 
to  Oregon  and  North  California,  in  the  Years  1843  and  1841.  B/ 
John  Torrey  and  J,  C.  Fremont," 

1848.  "  Appendix  to  Emory's  Reconnaissance,"  giving  an  account 
of  the  plants,  many  of  which  were  new,  collected  in  this  expedition. 

1852.  "  Catalogue  of  Plants  collected  by  Captain  Howard  Siansbtiry 
in  his  Expedition  to  the  Valley  of  the  Great  Salt  Lake  of  UtaL'' 

1863.  **Plant8B  Fremontiante ;  or,  Descriptions  of  Plants  coUecud 
by  Colonel  J.  C,  Fremont  in  California," — {SmiOisonian  ContributloHi^ 
ToL  vl) 

1853.  "  On  the  Darlingtonia  Californioa,  a  New  Pitcher-plant  from 
Northern  California." — {Smitfuofiian  Contributiofia^  loc.  ciL) 

1853.  "  Observations  on  the  Batts  Maritima  of  Linmeus," — {SmUk 
9onian  Contributions^  loc,  cit,) 

1853.  "  Description  of  Plants  collected  in  Captain  Marcy's  Explo- 
ration of  the  Rod  River  of  Louisiana." 

1854.  "  Botany  of  Captain  Sitgreaves's  Expedition  to  the  Zuniwwl 
Colorado  Rivers." 

1855-00.  These  years  saw  the  publication  of  the  Reports  aftb^ 

Pacific  Railroad  Survey.     As  the  reports  were  not  published  b  dH 

order  in  which  they  were  written,  we  enumerate  them  in  the  sucoi^| 

sion  in  which  they  occur  in  the  volumes ;  B 

Vol   IL  "Botany  of  Captain  Pope's  Expedition."     ^* Botany  oH 

Lieutenant  Beckwith^s  Expedition."     ^'^  Botany  of  Captain  GunnisofflH 

Survey."     In  these  three  memoirs  Prof.  Asa  Gray  was  joint  author,  H 

Vol  lY,  "  Botany  of  Whipple's  Expedition."  H 

Vol.  V.  "  Botany  of  Lieutenant  Williamson^s  Report"  ^| 

Vol  VIIL  "Botany  of  Lieutenant  Parke's  Expedition/  ■ 

1869.  "  Botany  of  the  Mexican  Boundary  Survey,"     Thii  Uj  b^  ^fl 

the  mOst  voluminous  of  all  the  Government  Reports.  ^ 

IdGl.  "  Botany  of  Lieutenaut  Ives's  Colorado  Exploring  EIp^ 
dition." 

We  do  not  include  here  the  contributions  of  Dr.  Torrey  to  the 
mtjmoirs  of  Prof  Gray  and  others,  for  which  he  frequently  elahorileJ 
generu  und  families;  nor  do  we  enumerate  his  minor  coutribnttooslU 
the  Bcienoes.  ^^ 

Nearly  all  of  these  memoirs  are  illustrated  by  engravings,  andl^^l 
of  ihtnn  profusely  so.  Dr.  Torrey  rarely  attempted  to  give  the  pfl^^H 
of  a  plautf  leaving  that  to  the  professioual  draughtsman;  but  in  illi^| 
ftkeiolies  showing  minute  structure — that  which  gar©  the  iUiislr»tk^^| 
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their  greatest  value  to  tbe  botaniBt — ^his  ready  pencil  found  frequent 
employment.  He  drew  witli  great  neatness  and  rapidity,  and  it  was 
his  custom  to  record  bis  observations  by  means  of  sketcJies  of  remark- 
able distinctness  and  accuracy. 

For  several  years  subsequent  to  1801  be  was  engaged  in  herbarium 
work.  His  removal  to  Columbia  College,  and  the  disposal  of  his  most 
valuable  collection  to  that  institution,  rendered  it  necessary  that  the 
acciira  Illation  a  of  years,  including  numerous  typical  specimens,  should 
be  put  into  complete  order.  He  entered  into  tbe  dmdgery  of  assort- 
ing, determining,  labelling,  and  putting  into  the  herbarium  the  mass  of 
unarranged  material,  with  the  same  industry  and  zeal  that  he  brought 
to  more  congenial  work.  No  other  hands  than  his  could  have  com- 
pleted this  important  task,  and  botanists  have  reason  to  be  grateful 
that  he  was  spared  long  enodgh  to  put  this,  in  some  respects,  the  most 
important  herbarium  in  the  country,  in  proper  condition  for  study  and 
reference* 

This  work  being  completed,  we  6nd  him,  though  advanced  in  life, 
again  contributing  to  his  favorite  science,  and,  in  1870,  "The  Revision 
of  the  EriogonesB,"  the  joint  production  of  himself  and  Prof.  Asa  Gray, 
was  published  in  the  Proceedings  of  the  American  Academy  of  Arts 
ftnd  Sciences.  Upon  the  return  of  Wilkes's  exploring  expedition,  the 
botanical  collections  were  divided  between  Drs.  Torrey  and  Gray,  ex- 
cept the  Cryptogamia,  which  were  given  to  several  specialists.  In  this 
division  Dr.  Gray  took  the  extra-American  share,  while  those  collected 
upon  our  Pacific  coast  were  elaborated  by  Dr.  Torrey.  Before  his  me- 
moir coakl  be  published,  the  civil  war  came  on,  and  stopped  all  appro- 
priations for  such  work.  Last  winter,  the  proposition  to  publish  was 
revived,  and  the  last  botanical  work  of  I>r.  Torrey  was  to  take  up, 
^^mng  a  rally  from  his  fatal  illness,  this  long-delayed  raanu script  of 
^pe  botany  of  Wilkes's  expedition,  and  prepare  it  for  the  press.  Al- 
ttiongh  his  mind  was  as  clear  anrl  liifi  perceptions  as  acute  as  ever,  his 
strength  was  unequal  to  the  task.  It  will  be  published  as  a  posthu- 
mous work,  under  the  supervision  of  his  intimate  friend  and  associate 
of  many  years,  Bn  Gray. 

This  enumeration  of  his  scientific  labors  would  be  incomplete  with- 
out reference  to  his  great  work  in  educating  others  in  science.  In  the 
various  professorships  he  held  he  was  always  to  the  students  a  loved 
instructor,  and  many  now  eminent  in  science  can  trace  the  commence- 
ment  of  their  careers  to  the  teachings  of  Dr.  Torrey.  Not  only  in  the 
cl&s^room,  but  out  of  it,  was  his  influence  constantly  exerted,  and  he 
was  always  surrounded  by  a  circle  of  young  men  who  never  came  to 
him  in  vain  for  sympathy  and  encouragement.  He  gave  to  such  what 
was  better  than  pecuniary  aid,  comfort,  hope,  and  help  in  its  best  sense. 
•Thera  is  many  a  chemist,  now  standing  high  in  his  profession,  who  owes 
bis  position  to  his  kindly  aid,  and  scarcely  a  botanist  in  the  country 
who  h^B  not  been  a  recipient  of  favors  from  his  ever-open  hand. 
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As  trustee  of  Oolumbia  College  and  of  FrmcetoD^  he  was  largely 
influential  in  giving  scientific  studies  their  proper  prominence  in  these 
institutiaiis.  It  was  through  his  inlluence,  more  than  to  that  of  any 
other  one  person,  that  the  '*  School  of  Mines  "  wa«  established.  He 
always  took  the  liveliest  interest  in  its  progress^  and  its  ultimate  luc- 
oess  was  to  htm  a  source  of  great  gratification. 

A  few  years  ago  the  botanists  of  New  York  and  vicinity  formed  aa 
association,  to  which  they  gave  the  name  of  the  Torrey  Botanical 
Club.  The  club,  from  small  beginnings,  became  so  large  that  it  was 
thought  best  that  it  should  become  a  chartered  body,  and  an  act  of 
incorporation  was  granted,  and  Dr.  Torrey  was  elected  the  first  presi- 
dent under  the  charter.  This  election  took  place  when  he  was  too  ill 
to  attend  the  meeting  of  the  club,  and  he  never  assumed  the  office. 

When  we  come  to  speak  of  Dr.  Torrey  as  a  man,  aside  from  hia 
scientific  work,  we  feel  embarrassed.    Were  we  to  say  all  that  we  feel, 
those  who  did  not  know  him  might  regard  it  as  extravagant  j  and,  if 
we  are  guarded  in  our  expressions,  those  who  knew  him  well  miglit 
think  we  had  not  done  him  justice.     Soon  after  his  death,  one  who  hid 
known  him  long  said  to  us,  "  He  is  the  only  man  I  ever  knew  of  whom 
it  could  be  said  he  was  truly  lovable."     **  Truly  lovable "  expresses 
his  character  more  completely  than  any  other  words.    However  highly 
we  who  knew  him  well  may  estimate  him  as  a  man  of  science,  there  is 
something  beyond  and  beneath  thi^  that  we  admire  ;  and,  when  we  re- 
call Dr.  Torrey,  it  is  not  as  the  patient  chemist  or  the  acute  bot 
but  as  the  friend.     It  rarely  happens  to  one  to  possess  th 
personal  attractiveness  that  was  his.     There  was  something  about  fsiS 
that  invited  confidence,  and  that   in   advance   promised  sympathy. 
Wlien  we  come  to  analyze  this  influence,  we  are  forced  to  conclude 
that  it  was  his  perfect  unselfishness.     It  was  this  that  drew  to  him  the 
affections  of  persons  in  all  walks  of  life,  for  there  are  few  who  have  so 
many  friends  as  he  had^  and  we  doubt  that,  in  tiying,  he  left  an  enemy 
behind  him.    A  devoted  Christian,  he  never  obtruded  his  ChristiafUty, 
but  let  it  appear  in  his  every  rotation  in  life.    Belonging  to  a  denomi* 
nation  that  is  by  some  considered  exceedingly  strict,  he  was  most 
charitable  for  the  opinions  of  those  who  believed  diflerently ;  and^ 
while  he  followed  the  injunction  to  "do  good  to  those  of  the  house* 
hold  of  failh,'*  he  allowed  no  sectarian  lines  to  shut  others  out  from 
his   sympathy  and   aid.      His   faith   in  Christianity  was   too  deeply 
grounded  to  be  troubled  by  any  fear  that  science  might  lead  astray* 
He  followed  science  with  a  devotion  second  only  to  that  to  his  religion^ 
Knowing  that  all  troths  are  compatible,  and  that  the  researches  of  tbfl 
chemist,  the  geologist,  the  physicist,  or  the  botanist,  can  never  reTe^H 
any  thing  that  will  displace  God  as  the  author  and  controller  of  all,1lH 
kept  up  with  the  most  advanced  scientific  thought  of  the  day,  and  i^  • 
mained  ontil  the  last  a  devout  Christian  scientist.  ,^m 
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AIMS  OF  SCIEITTIFIO  EBUCATIOy, _ 


IN  a  leading  article  on  **  The  Proper 
Stady  of  Maukind/*  the  Natum 
recently  entered  a  protest  agdnst  8ci- 
eatifio  edncation  ;  and,  oa  we  tbiDk  it 
gaTe  its  inflnence  to  strengthen  a  cur- 
rent misconception  on  the  subject^  it 
will  he  in  oor  way  to  offer  a  few  words 
of  reply. 

It  is  a  common  opinion,  and  one 
which  the  advocatea  of  the  old  system 
of  atndy  do  all  they  can  to  maintain, 
that  Science  means  merely  the  physical 
acienceaf  which  treat  of  heat»  light, 
electrioity,  chemical  sabstances,  and 
rook  formations ;  that  the  value  of 
soientitic  knowledge  consists  in  its  ap- 
plication to  arts  and  indnstries^  hy 
■feieh  wealth  can  be  accamnlated ;  and 
WmSk  sdentiiSo  education  simply  means 
the  extension  of  mining,  engineering, 
medical  and  agricnltaral  schools,  while 
its  advocates  would  be  glad  to  have 
these  orerriin  the  conntry,  and  root 
out  all  other  edaeational  institutions. 
In  other  words,  the  friends  of  scientific 
sdncfltion  are  constantly  charged  with 
being  animated  by  a  narrow  and  sordid 
QtUitarianism.  We  protest  against  this 
new  aa  a  gross  misrepresentation.  Sci- 
eaoe  ia  not  a  mere  acquaintance  with 
physical  things — it  is  a  method  of  know* 
iag,  and  ia  aa  comprehensive  aa  the  phe- 
nomena of  the  world  we  live  in.  It  is 
oot  merely  knowledge,  it  is  the  moat 
p«rfect  form  of  knowledge,  npon  all  snh- 
fecli  which  it  is  possible  to  know.  Bei- 
mm  \m  &e  investigator  of  Tmth— troths 
of  all  orders,  and  by  all  the  mental  oper- 
ttiofiailiroagh  which  tmth  cnn  be  estaV 
Hlhed«  The  first  fact  about  knowledge 
ii,  that  it  grows;  it  begins  i a  the  com- 

§  observations  and  reflections  of  nn- 
ht  minds,  and  j^aduolly  develops 
cleanieae^  certainty,  and  preciaion ; 
ia  it  grovtUliig  ntilitananism  to  demand 


that  the  highest  and  most  perfect  forms 
of  knowledge  RtialJ  be  employed  in  the 
work  of  mental  cultivation  ?  But  few 
can  now  be  found  who  will  deny  that 
the  study  of  the  sciences  has  great  valne 
for  mental  discipline,  and  we  hazard 
little  in  saying  that,  if  pnrsued  sya^ 
teiTiatically,  they  are  capable  of  giv- 
ing the  mind  a  training  that  is  more 
varied  and  complete  than  tliataffoided 
by  any  other  class  of  studies,  Tliat  the 
inltueDtial  and  representative  advocates 
of  scientific  education  rest  its  claims 
upon  any  grounds  of  mere  selfish  utility 
is  not  true.  No  class  of  men  protest 
more  vehemently  than  they  aii:ain»t  such 
low  and  unworthy  motives.  They  cer- 
tainly believe  in  the  value  of  knowl- 
edge, and  in  the  eminent  value  of  sci- 
entific knowledge ;  but  they  hold  to  a 
broader  and  more  liberal  culture  than 
their  adversaries ;  for,  while  not  reject- 
ing the  study  of  the  past,  they  would  en- 
lighten and  vivify  it  by  a  deeper  knowl- 
edge of  the  present.  Nor  is  it  true  that 
they  are  the  enemies  of  literary  studies, 
although  the  writer  in  tlie  Nation  makes 
them  say  of  the  student,  **  Literature 
he  had  better  let  alone*^*  But  they 
protest  against  what  Dr.  TVhewell  calls 
the  '*  narrow  and  enfeebling  education  " 
of  an  exclusive  literary  culture;  and 
they  demand  such  a  restriction  of  it  as 
will  allow  room  and  time  for  more  solid 
acquisitions  and  a  proper  discipline  of 
the  faculties  that  literature  neglects. 
The  strongest  advocates  of  scientific 
education  urge  increasing  attention  to 
the  sttidy  of  English  literature;  and, 
more  tiann  that^  many  of  them  prove, 
by  tbeir  fine  coramaud  of  the  language, 
that  they  have  by  no  means  themselves 
neglected  it 

And  the  writer  in  the  Kation  not 
only  reafl^rms  the  current  error  thai 
scientific   education    cun    only   afibrd 
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a  narrow,  ntilitarian  onltare,  bat  his 
raaiE  point  is  that  it  breaks  down  in 
presence  of  the  higher  buman  interests 
in  which  we  are  all  mainly  concerned. 
He  de^^lares  of  its  expositora : 

**Itb  KBiumed,  In  nearly  all  that  many 
of  them  Bay  about  «duoation,  that  it  i»  with 
Nature  only  that  man  ha»  to  fltruggle  in  tho 
parauit  of  happlneaa  ;  and  that,  if  he  can  only 
discover  what  to  oat|  drink,  and  avoid,  bow 
minos  may  beat  be  worked,  and  oropi  raiied, 
and  diatanoe  traveraed,  and  atormft  fore«cen, 
and  the  state  of  the  market  tranamittod,  he 
will  have  solved  the  problem  of  living.  .  .  * 
It  now  begins  to  be  dkoovered,  however, 
that|  no  matter  how  suocessful  we  mny  bo  in 
wresting  her  secrets  from  Nfttnr«,  or  how 
familiar  we  make  ourselves  with  her  pro- 
cesses, or  however  Qonacieutioualy  we  mjiy 
adapt  onr  Uvea  to  her  require  to  cnts»  the  beat 
actentifio  education,  after  all,  only  half  fits 
ns  for  th«  battle  of  life,  and  for  the  simple 
f^sason  that  the  battle  has  to  be  fought  not 
only  with  hard,  inexorable  physical  sur- 
roundings, but  with  very  troublesome  and 
mysterious  racial  surroundings.  In  other 
words,  in  making  a  career,  we  have  to  deal 
with  our  brother  man  as  well  ns  with  earth 
and  air  and  water.  Let  ns  mine  never  so 
sucoessftilly,  we  have  to  settle  with  the 
orowd  at  the  mouth  of  tho  shaft  before  we 
can  oarry  home  our  earnings.  Let  us  manu- 
facture never  so  deftly,  we  have  to  establish 
a  rule  of  distribution  before  our  solvnoe  or 
onr  dexterity  does  na  any  good.  Let  us 
build  railroads  as  we  may,  we  have  to  oome 
to  an  ag'reement  aa  to  who  sball  work  them, 
and  what  ho  shall  receive,  before  they  profit 
UA.  Heat,  and  light,  and  electricity,  and 
steam,  are  great  monarohs,  but  they  cannot 
raise  na  out  of  grovelling  barbarism^  unless 
we  can  oome  to  some  onderstanding  with 
our  neighbors  as  to  the  ends  and  modes  of 
living.  The  study  of  man,  therefore,  is 
really  the  moat  important  of  all  studies,  and 
mnst  always  oontinne  to  be  so.  Nothing 
oan  take  its  place  in  any  cvrriculum.  People 
mast  learn  how  to  live  in  society  before  they 
oan  got  any  Inciting  beneflt  from  science,  and 
hefbre  they  oan  have  and  retain  any  thing 
worth  the  aamc  of  art ;  and  this  they  cannot 
do  without  obaervlng  human  nature  as  it  is, 
and  without  making  themftclvea  acquainted 
with  the  past  experience  of  the  race.  Now, 
the  past  expe Hence  of  the  race  is  found  in 
!  literature)  and  languages,  and  laws,  and 
monumsnta,  or,  in  other  words,  in  things  of 
which  our  pbyaioists  are  apt  to  make  light," 


We  entirely  agree  nith  the  imt«f 
as  to  the  enpreme  importaoce  of  the 
study  of  man  and  hi^  relations.  Hi 
we  totally  dissent  from  his  nactho«l  of 
Bta dying  them.  What  we  wsat  to 
know  oonceming  man  and  {^ocieij  is 
the  laws  of  their  oonstitution  and  lo- 
tion, and  thia  it  ia  the  proper  budiim 
of  science  to  aacertaiii.  It  ia  not  th« 
office  of  literature  to  elucidate  natiual 
laws.  We  have  bad  the  literary  metlM^d 
in  ita  fall  power  for  thonaanda  of  yettii 
without  dispelling  tbe  iilndons  tad 
obscnrities  which  hare  sbronded  the 
nMare  of  man  and  Unman  aodftj. 
Literature  was  both  incouipetaiit  is 
method  and  destitute  of  all  tbe  n^cM- 
sary  data.  Before  man  and  toeMf 
could  be  anderatood,  it  waa  neoemiy 
first  to  have  correct  notiona  of  tb« 
workings  and  order  of  Nature,  light 
could  only  be  thrown  npon  tbe  higber 
phenomena,  as  the  lower  were  first  ex- 
piftined.  To  the  preliminary  work,  fit- 
erature  and  the  literary  method  con- 
tribnted  absolutely  nothing.  W©  owe 
entirely  to  modem  E^cience  that  wboi« 
aeriefl  of  preliminary  rerelatioai  ooft- 
earning  the  method  and  operaliODf  of 
Nature,  by  which  it  becomes  po»bli 
to  interpret  the  iDdiridoal  and  foesit 
phenomena  of  man.  And  to  scitDM 
we  owe  not  only  the  aolotloa  «f  tbi 
preliminary  problems,  npon  whieh  tbt 
higher  depend,  bat  we  are  alfO  In- 
debted to  it  for  that  long  and  i 
discipline,  in  the  qnest  of  tmt 
apprenticeship  of  centuries  in  tha  mi^ 
tery  of  mental  methods  —  which  vn 
necessary  to  engage  with  tht  sboH 
difficult  of  all  in?e«ti  -*:  —  -  *' — '^ 
ravelling  of  the  com 
man  nature  and  the  social  ^tatc.  ti 
all  this  preparation  to  go  for  notbiai' 
Are  we  to  be  told  that  adence  u  iotir 
pable  of  carrying  on  its  own  work^  ill 
that  the  agency  which  was  inoumjutal 
to  begin  it  is  still  able  to  compleia  fit 
Undoubtedly  **  the  past  experii>B<«  rf 
the  race  is  found  in  literatnra,  tfi 
langnagea,  and  laws,  and  moniUD«di»'' 
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\  they  have  their  value,  Trhich  men 
of  science  by  no  means  deny ;  Lut  we 
hare  man  before  ns,  and  society  aroand 
ua,  aa  living  and  present  facts  open  to 
immediate  inquiry.  Wby  go  back  to 
the  ages  when  snoh  a  thing  aa  the 
order  of  Nature  was  not  even  suspect- 
ed, to  get  opinions  concerning  tbe  con- 
stitntton  of  things  which  are  displayed 
before  oar  very  eyes.  It  is  true  that 
the  study  of  the  past  can  aid  in  the  un- 
flcrataiiding  of  the  present ;  but  it  m 
a  deeper  tmth  that  the  study  of  that 
which  comes  within  the  range  of  actual 
experience  is  the  only  key  to  the  un- 
derstanding of  the  past — Science  must 
ba  the  interpreter  of  History.  The  na* 
lore  of  man ;  the  laws  of  his  physical^ 
mental^  and  moral  constitution;  their 
interdependence  and  reactions ;  and 
how  he  has  come  to  be  what  he  is: 
ihe  nature  of  social  aggregations ;  the 
oatnni]  laws  by  which  they  are  regu- 
lated, and  how  they  have  come  to  be 
that  wo  tee  them — are  strict  and  le- 
gitimate scientific  question s,  and  are  no 
more  to  Ins  determined  by  the  literary 
method  than  the  constitution  of  the 
8(m  or  the  origin  of  species*  Biology, 
psychology,  ethnology,  and  anthro- 
pology^ are  the  names  of  branches  of 
knowledge*  imperfect  indeed,  but  firm- 
ly established,  which  have  been  created 
\lf  modern  science,  and  which  have  al- 
thrown  a  flo<jd  of  light  upon  the 
re  of  man.  The  scientific  knowl- 
thns  obtained  is  also  the  only  in- 
able  basis  for  underatauding  tbe 
dtution  and  course  of  human  so- 
nd,  if  the  reader  cares  to  un- 
l  A4W  essential  one  of  those  sci- 
i  to  the  proper  understanding  of 
i  phenomena,  we  recommend  him 
be  article  in  the  present  n urn- 
he  MoKTHXT  on  the  bearings 
'  upon  sooiological  studies. 
»0een  that  the  assumption 
tie  writer  in  the  Nation^  that  sci- 
I  confined  to  the  lower  sphere  of 
cnl  phenomena,  is  altogether  gra- 
and  that  man  and  society,  if 
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they  oi'G  ever  to  be  understood,  must 
in  future  be  mainly  studied  by  the 
method  of  science  which  seeks  for  the 
establishment  of  natural  laws.  On 
what  grouud,  then^  can  it  be  pretended 
that  the  study  of  man  and  human  inter- 
ests does  not  fall  within  the  compass  of 
scientific  education?  The  writer  seems 
to  take  it  as  a  foregone  conclusion  that 
science  has  nothing  to  do  with  ^^  the 
proper  study  of  mankind ;  "  yet  scien- 
tific education  has  been  long  urged  by 
its  ablest  advocates  upon  tlie  very 
ground  that  it  has  every  thing  to  do 
with  it  Mr.  J.  S.  Mill,  although  no 
partisan  upon  this  question,  eicplicitly 
denies  the  position  taken  by  the  2ia* 
Hon.  In  his  celebrated  address  at  the 
University  of  St.  Andrew^s,  in  18€T, 
he  said:  '^Scientific  education,  apart 
from  professional  objects,  is  but  a  prep- 
aration for  judging  rightly  of  man  and 
of  his  requirements  and  interests :  *' 
and  he  advocated  compendious  meth- 
ods of  classical  study  to  allow  more 
science  in  the  universities,  with  a  view 
to  this  very  ohject. 

In  an  article  published  in  an  Eng- 
lish review  in  1859,  discussing  the 
worth  and  claims  of  different  kinds 
of  knowledge,  and  which  is  one  of  the 
moet  powerful  pleas  for  scientific  edu- 
cation that  have  yet  appeared  — an 
article  which  was  translated  into  half 
a  dozen  European  languages,  and 
which  has  been  republished  in  all 
ahapt;s  and  a  score  of  times  in  this 
country — the  claims  of  scientific  educa- 
tion were  placed  upon  the  distinctive 
ground  of  its  bearlug  upon  the  highest 
human  interests.  We  extract  a  closing 
passage: 

"  Thti»,  to  tbo  queflticn  with  which  w<j 
Bet  out — What  knowledge  is  of  most  worth  I 
— thti  uDifortn  reply  ift-^ndGUce !  Thin  ia 
ibo  verdict  00  all  tlie  oouDta*  For  direct 
self-presen'^fttion,  or  the  iBaintenanoe  of  lite 
and  beftllb,  iho  idl- important  kooi^f ledge  is 
— ficionee.  For  thot  indiroct  eel f- preserva- 
tion wliich  we  call  g&iniiig  m  livsllhood,  th« 
knuwledijfe  of  greatest  vilue  %b — solenoe. 
For  the  duo  disduo-ge  of  psren  tAl  functions, 
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Ih«  (vroper  fuidimoe  ia  to  be  lioand  oolf  ia-^ 
fief«noe.  For  tbat  mterpreUtion  of  aaUoti«l 
life,  piiftt  and  proaent,  without  whioh  th« 
dlizQti  cannot  rej^late  bi«  oooduct,  the  iii- 
dispeDftable  key  is — science.  Aliko  for  the 
mont  perfcot  production  juid  highest  ctgoj'- 
mAnt  of  art  in  all  ita  formt,  the  aeedf^ 
preparation  ia  atill — aoianoe.  The  qae^tioa 
wbioh  At  first  aoemed  to  porploxed  ha«  bo- 
ODinct,  in  tho  ooorae  of  our  iaqoiiyf  oompor^ 
atlrely  «itnple<  We  hairo  not  to  eatimate 
th«  de^peea  of  importanoe  oi  different  orders 
of  huni&n  aetivitj  and  different  itudics  as 
sQvendly  fiuini^  as  for  tbem ;  elnoo  we  find 
thAt  the  Rtudj  of  toteneOi  in  ita  most  oom- 
prehonaive  meaningi  is  the  bisAt  proparution 
tor  all  theae  orders  of  activity.  We  Lavs 
not  to  deoide  between  the  claims  of  knowl- 
edge of  great  though  oonvendonal  value,  and 
knowledge  of  leas  though  intrinnic  value ; 
seeing  that  the  knowled^  which  wo  find  to 
be  •of  moat  value  in  all  other  reepects  Is  In- 
trinsioally  most  valuable;  its  worth  ia  not 
dependent  upon  opinion^  but  is  as  fixed  as 
is  the  relation  of  man  to  the  surrounding 
world.  NeoesBwy  and  eternal  oa  are  its 
truths,  all  aoienoe  oonoems  all  mankind  for 
all  time.  Equallj  at  pTesent,  and  tn  the  re- 
motest future,  must  it  be  of  inoolouluble  im- 
portanoe for  the  regulation  of  their  conduct, 
that  men  should  understand  the  science  of 
lire,  physical,  mental,  and  sociiU :  and  that 
they  should  understand  all  other  scienoe  as 
a  key  to  the  soienoo  of  life." 


CLASSICS  AS  A   PREPABATIOif   FOB 

sKousa. 

Thb  readers  of  the  Monthly  may 
recollect  that,  in  his  ftrticle  in  the  April 
number,  Mr.  Spencer  criticised  the  po- 
sition taken  by  Matthew  Arnold  in  re- 
gard to  th©  needs  of  English  culture. 
Mr,  Arnold  is  a  great  admirer  of  the 
French  Aoaderay^  whichj  he  says,  was 
©stabllsbod  *'  to  work,  with  all  the  care 
and  nil  tho  diligence  possible,  at  giving 
sure  rnlo!^  to  our  (the  French)  lan^iage, 
and  rentU'ring  it  pure,  eloqneot,  and  ca- 
pable of  treating  the  arts  and  soiencee," 
and  be  thinks  something  of  the  kind 
would  be  of  great  service  in  England, 
Mr.  Sponeer  pinted  out  the  inefficiency 
and  absurdity  of  such  an  attempt  at 
flupervisiofi,  and  prepared  a  note  to  tlio 
artiole,  which  was  not  printe<i  with  it. 


We  inflert  it  here,  as  it  haa  both  a  fie- 
sonal  interest  and  a  aignificairca  in  f^ 
lation  to  dassdcal  atadiesi  aa  «  pnpin' 
tion  for  English : 

'^Before  leaving  the  qnestioa  «f 
Aoademies  and  their  indnencest  let  mi 
call  attention  to  a  fact  which  makas  ok 
donht  whether  aa  a  jadge  of  siyie^  ooa- 
aidered  aimplj  aa  correct  or  incorred, 
an  Aoademj  is  to  be  trnated.  Mr.  Ar- 
nold, insisting  on  propriety  of  exprsi- 
sion,  and  giving  inatancea  of  had  taita 
among  our  writera,  dae^  aa  be  thiab^ 
to  ahsence  of  Academic  ooatrol,  laad/ 
aaaerta  than  an  Academy,  if  we  had 
one,  would  condemn  the  paaaa^  fa« 
qnotes  as  deserving  condemnation,  and, 
by  implication,  would  approve  ths  pn* 
sages  he  quotes  aa  worthy  of  appfonL 
Let  us  see  to  what  Mr*  Arnold  aimdi 
hia  praise.    He  aaya : 

^To  Illustrate  what  I  mean  by  la  ct* 
ample.  Addison,  writing  aa  a  mcomliil  0a 
llxetluess  in  religious  faith,  sj^s : 

'^  Those  who  delight  in  reading  hoo^  of 
oontroveriy  do  very  seldom  arriva  ai  a  Isad 
and  settled  habit  of  f»ith.  The  doal*t  whii^ 
WAS  laid  revives  again,  and  shown  tlseif  18 
new  dllfioultiea;  and  that  generally  forllUi 
reason— ^ocanae  the  mind,  which  U  peif4** 
nally  tosaed  in  oontroveraiea  and  dl«t«lii, 
is  apt  to  forf^t  the  reasons  whioh  had  aoe« 
set  it  at  rest,  and  to  he  disquieted  wiUk  iQf 
fonnor  perplexity  when  it  appear  in  a  He* 
shape,  or  is  started  by  a  diifereot  h*n»i" 

^  It  may  be  enid,  that  la  dasaieal  Ba|fiil« 
perfect  in  luoidity,  measmre,  and  propi^* 
I  make  no  objection ;  hut  in  my  tuni,  I  nj 
that  the  idea  expressed  Is  peiftotly  trite  «tii 
barren/  ete,,  eto. 

*'  In  Mr,  Arnold's  estimate  of  Ai- 
dison^B  thought  I  coineide  entirely; 
hut  I  cannot  join  him  in  applaodiaf 
the  *  classical  English '  conveying  d» 
thought.  Indeed,  I  am  not  a  little  ss^ 
tonished  that  one  whose  taste  in  rt?l* 
is  proved  by  his  own  writing  to  be  « 
good,  and  who  to  his  poema  espedtHf 
^vea  a  sculpturesque  finish,  shuttM 
have  quoted,  not  siraply  without  ww^ 
demnatiou  but  with  tacit  eulogy,  *pi^ 
sage  fall  of  faults.  Let  na  axamias  ft 
oritically,  part  by  part. 
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•*How  sbflB  we  interpret  into 
Doght  the  wor<38  *  arrive  st  a  .  ,  . 
habit  t '  A  hftbit  is  produced.  But  '  ar- 
rival ^  implies^  DOt  fitodnttion  of  a  tfiing, 
but  coming  up  to  a  thing  that  preeiistSj 
as  at  the  end  of  a  joorne  j.  W  hat,  again, 
AdkW  we  say  of  the  phras«,  ^  a  fixed  and 
settled  habit  f*  Habit  ib  a  coarse  of 
action  characterized  hj  constancj^  as 
dlstingaiflhed  from  courses  of  action 
th&t  are  inconstant.  If  the  word  *•  eet- 
tled^were  unobjectionable^  we  might 
define  habit  a,^  a  getthd  course  fif  action  ; 
and,  on  iubstitoting  for  the  word  thia 
equivalent^  the  phrase  would  read  *  a 
jed  and  aettlcd  settled  course  of  ac- 
Obviouslj  the  word  habit  itaelf 
ivejs  the  whole  notion ;  and^  if  there 
da  a  word  to  indicate  degree,  it 
loold  be  a  word  suggesting  forte^  not 
suggefiting  re^L  The  reader  is  to  be  itn> 
presaed  with  the  strength  ffa  tendtuty 
in  Bomething  active,  not  with  thc/>m- 
n€»*  of  something  passive,  as  bj  the 
Jprde  '  fixed  and  settled.^  And  then 
H|jr  *  fixed  and  settled  ?  ^  Making  no  ob* 
Tlfetioii  to  the  wordji  as  having  inappli- 
cable meanings,  there  is  the  objection 
that  one  of  thetn  would  be  sufEeientr 
•arelj  that  which  is  fixed  ranst  be  set- 
tled. Nor  are  these  all  the  imperfec- 
J^iis  in  this  short  sentence.  The  habit 
Bbrred  to  is  the  habit  of  helieting; 
Vtd  to  cali  it  the  habit  of  faith  is  to 
implj  that  the  words  faith  and  Miev- 
ing  are  synonymous, 

"Passing  to  the  next  sentence,  we 
ate  arretted  by  a  conspicuoaa  fanlt  in 
its  first  clause^*  The  doubt  which  was 
laid  rtffitfes  again  J*  To  revive  is  to 
Hire  again ;  so  that  the  literal  meaning 
cf  the  clause  is  *  the  dotibt  which  was 
laid  lives  again  again.^  In  the  follow- 
ing line  there  is  nothing  objectionable ; 
but  at  the  end  of  it  we  corae  to  an  of  her 

Eaasm.  The  words  run  :  '  and  tliat 
rally  for  this  reason,  because  the 
I.  .  ,  /  The  idea  is  fully  con- 
vey ed  by  the  words,  *and  that  gener- 
ally because  the  mind/  The  worda 
^{qt  this  reason*  are  equivalent  to  an 


additional  ^  because/  So  that  we 
have  here  another  nonsensical  dnplica- 
tion.  Going  a  little  further  there  rises 
the  question  —  Why  *  controversiea 
aiid  disputes  ? '  *  Dispute  *  is  given  in 
dictionaries  as  one  of  the  synonynjes 
of  *  controversy ; '  and  though  it  luny 
be  rightly  held  to  have  not  quite  the 
same  meaning,  any  additional  meaning 
it  has  does  not  aid,  but  rather  inter- 
ruj>t^,  the  thooght  of  the  reader. 
Though,  where  special  attention  is  to 
be  drawn  to  a  certnin  element  of  the 
thought,  two  almost  synonymous  words 
may  fitly  be  used  to  make  the  reader 
dwell  longer  on  that  element^  yet, 
where  his  attention  is  to  be  drawn  to 
another  element  of  the  thought  (as  here 
to  the  effect  of  controversy  on  the 
mind)^  there  is  no  gain,  but  a  loss^  in 
stopping  him  to  interpret  a  second 
word  if  the  first  suffices.  One  more 
fault  remains.  The  mind  is  said  *to 
be  disquieted  with  any  former  perplex- 
ity when  it  appears  in  a  new  sliape,  or 
is  started  by  a  different  hand/  This 
portion  of  the  sentence  ia  doubly  defec- 
tive. The  two  metaphors  are  incun- 
gruons.  Appearing  in  a  shape,  as  a 
ghost  might  he  supposed  to  do,  conveys 
one  kind  of  idea;  and  started  by  a 
hand,  as  a  horse  or  a  hound  might  bo, 
conveys  a  conflicting  kind  of  idea. 
This  defect,  however,  is  less  serions 
than  the  other;  namely,  the  unfitness 
of  the  second  met^iphor  for  giving  a 
concrete  form  to  the  abstract  idea. 
How  is  it  possible  to  'start*  a  per- 
plexity? *  Perplexity/  by  derivation 
and  as  commonly  used,  involves  the 
thought  of  entanglement  and  arrest  of 
motion  ;  while  to  start  a  thing  la  to  set 
it  in  motion.  So  that,  whereas  the 
mind  is  to  be  represented  as  enmeshed, 
and  thus  impeded  in  its  movements, 
the  metaphor  used  to  describe  its  state 
is  one  suggesting  the  freedom  and  rap- 
id motion  of  that  which  enmeshes  it. 

"Even  were  these  hypercriticisma, 
it  might  he  said  that  they  are  rightly 
to  be  made  on  a  passage  which  is  con- 


644 


Bideretl  a  model  of  style.  But  thejr  ore 
not  hyperoriticiams*  To  show  that  the 
(Ittfocttt  indicated  are  grave,  it  oaly 
ueods  to  read  without  its  tautologies 
ou©  of  the  senteocos  thus:  *  The  doubt 
which  was  laid  revives^  and  shows  it- 
self in  new  difficulties ;  and  that  gen* 
erally  because  the  mind  which  is  per- 
petually tossed  in  oootroversies  is  apt 
to  forget  the  reasons  which  had  onee 
set  it  at  rest^^  etc.,  etc.  Omitting  the 
six  su perdu ous  words  unqaestionably 
malces  the  sentence  clearer — adds  to 
its  force  without  takin;:  from  its  mean- 
iiig.  Nor  would  retnovoi  of  the  other 
exoreacencea,  and  substitution  of  ap- 
propriate words  for  those  which  are 
unfit,  fall  similarly  to  improve  the  rest 
of  the  passage. 

'^  And  now  is  it  not  strange  that 
two  sentences  which  Mr.  Arnold  ad- 
mits to  be  *  classical  English,  perfect 
in  luci^ty,  meaaare,  and  propriety,* 
should  contain  so  many  defects:  some 
of  them,  indeed,  deserving  a  stronger 
word  of  disapproval  T  It  is  true  that 
analysis  discloses  occasional  errors  in 
the  sentences  of  nearly  all  writers — 
some  due  to  inadvertence,  some  to  con- 
fbsion  of  thought  Botibtlesa,  from  my 
own  books  examples  could  be  taken ; 
and  I  should  think  it  unfair  to  blame 
any  one  for  now  and  then  tripping. 
Bat,  in  a  passage  of  which  the  diction 
seems  *  perfect  ^  to  one  who  would  like 
to  have  style  refined  by  anthontative 
oritioism,  we  may  expect  entire  con- 
formity to  the  laws  of  correct  expres- 
sion ;  and  may  not  unnaturally  be  sur- 
prised to  find  so  many  deviations  from 
those  laws. 

^*  Possibly,  indeed,  it  wiU  be  alleged 
that  the  faults  are  not  In  Addison^s 
English,  but  that  I  lack  the  needful 
wsthetio  perception.  Raving,  when 
young,  effectuaOy  resisted  that  classi- 
cal culture  which  Mr,  Arnold  thinks 
indispensable,  I  may  be  blind  to  the 
beauties  he  perceives;  and  my  undis- 
ciplined taste  may  lead  me  to  condemn 
as  defects  what  are,  in  fact,  perfections.  | 
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Knowing    absolutely   nothing  of  th« 
masterpieces  of  ancient   literatoie  in 
the  original,  and  very  little  in  transla- 
tion, I  suppose   I   must    infer  th^t  a 
familiarity  with  them  equal  to  Mr.  Ar- 
nold^s  familiarity   would     have  giren 
me  a  capacity  for  admiring  these  imu 
of  style  which  he  admirea,     Ferhapf 
redundanoe   of  epitheta   waotd  hsre 
afforded  me  pleasure ;  perbape  I  should 
have  been  delighted  by  duplicatioiis  of 
meaning;    perhaps  from    inconsistent 
metaphors  I  might  have  received  sois^ 
now  unimaginable  gratification.     6^ 
ing,  however,    without  any  guidafic« 
save  that  yielded  by  mental  aeienoe— 
having  been  led  by  analysis  of  thought 
to  conclude  that,   In   writing,   words 
mn^t  be  so  chosen  and  arranged  m  to 
convey  ideas  with  the  greatest  M««i 
precision,  and  vividneaa;    and  bafin^ 
drawn  the  corollaries  that  sap«Hlooi» 
words  should  be  struck  ont^  that  wordi 
which  have  associations  at  varisAOt 
with  the  propositions  to  be  set  (atth 
should  be  avoided,   and    that    thef« 
should  be  used  no  misleading  ^iiret 
of  speech ;  I  have  acquired  a  dislike  to 
modes  of  expression  like  these  Mr. 
Arnold  regards  as  perfect  in  Uieir  pro- 
I  priety.     Almost  converted  though  I 
have  been  by  his  eloquent  advocacy  of 
culture^  as  he  understands  it,  1  mmt 
confess  that,  now  I  see  what  ho  i^ 
plauds,  my  growing   faith    received  s 
rude  check.      While   recognizing  raf 
onregenerate  state,  and  while  admit* 
ting  that  I  have  only  psychology  »^ 
logic  to  help  me,  I  am  perverse  enoojel* 
to  rejoice  that  we  have  not  had  u 
Academy ;  since,  judging  from  the  <Jfi- 
dence  Mr,  Arnold   aflTords,  it  vonH 
among    other   mischievous  acts,  bAT« 
further  raised  the  estimate  of  a  styltf 
which  is  even  now  unduly  praised." 


•TOO  MATXSlALlSTTOr 
The  Buffah  Commercial  A^t^lim 
commends     Thk     Populab    ScaSftM 
MoNTHLT,  but  thinks  that  ^*ii  tenili 
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aewh&t  to  a  too  materiolistio  nature 
i  certain  of  its  articles.'*  The  Adter- 
iUeria  not  alone  io  its  objection;  other 
newspapers,  both  religious  and  secular, 
freqaentlj  remind  us  thiit  our  pages 
are  *^  too  materialistic.'^  As  there  seems 
to  be  so  general  an  agreement  opon 
this  point,  it  is  to  be  presumed  that  the 
subject  is  perfectly  understood,  and  we 
have  only  to  regret  that  our  critics  are 
not  more  explicit,  and  do  not  tell  us 
exactlj  what  tlioy  mean  by  maUrialUm^ 

f,d  point  out  just  how  far  we  should  go 
that  direction.  If  we  are  **  too  mate- 
xialiatio,^*  how  raateridistic  is  It  proper 
we  should  be? 

By  materialism  can  hardly  he  meant 
Jn  this  case  that  apeculative  doctrine 
HKdch  denies  spirit,  and  affirms  that 
^^ery  thing  is  matter,  because  we  have 
not  gone  into  that  qneatfon  at  all,  and 
it  is  hardly  to  be  expected  that  onr 
monitors  would  tolerate  that  in  any 
degree.    It  must,  therefore,  he  tteant 
that  we  giTe  undue  prominence  to  ma- 
terial subjects  and  maierial  explana- 
tioits  of  things;   but   the  importance 
they  aasnme  is  certainly  not  our  fault, 
lor  we  are  respoDsible  neither  for  the 
eziatence  of  matter  nor  for  the  part  it 
pl«ys  in  the  economy  of  the  uni verse. 
M&tter — "  mere  gross,  brute  matter  "^ 
m^y  be  very  nndignitieil  and  ohjectiona* 
^fe  stn^  and,  if  some  people  had  been 
^ksalted  at  the  creation^  perhaps  It 
^n>n1d  have  been  left  out  altogether. 
Bat  it  certainly  was  not  left  out;  it  is 
Hre,  whatever  it  may  be,  the  found  a- 
^pn  of  existence,  and  not  to  be  got  rid 
^£    We  are  aU  made  of  it ;  and  each  of 
OS  hiis  to  add  several  ponnda  daily  to  his 
personal  stock,  upon  penalty  of  death 
Ibr  non-compliance.   The  mass  of  man- 
Mnd^  moreover,  are  doomed  to  work 
ia  lt|  shaping  and  transforming  it  in  a 
Ibouaad  ways  all  their  lives  long.    The 
firy  inatniments  and  conditions  of  all 
r  ISMlings,  eiyoymenta^  and  thoughts, 
material,  while  the  Divine  Power 
ployi  matter  as  the  great  medinm  of 
rking  out  the  laws  of  being  and  the 
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harmonies  of  existence.  It  was  said  by 
Plato  that  God  ever  geometrizes ;  but 
it  is  still  a  profonnder  truth  that  God 
ever  mater ialUes*  We,  therefore,  dodge 
the  criticism  about  being  "too  ma- 
terialistic,** and  leave  oar  newspaper 
friends  to  settle  their  diflerencea  with 
the  higher  powers.  Science  is  a  knowl- 
edge of  the  laws  of  Nature,  and  nothing 
remains  for  us  hut  to  take  Nature  as  we 
find  it;  and,  as  matter  is  mixed  up 
with  every  thing,  we  cannot  ignore  it. 
There  have  been  systems  of  thought  in 
which  the  consideration  of  matter  was 
allowed  no  place,  but  they  have  been 
fotile  and  fruitless ;  science,  on  the 
other  hand,  U  a  system  of  thought 
which  respects  the  order  of  things^  and 
includes  matter  as  the  first  and  con- 
stant object  of  inquiry  ;  and  it  has 
opened  a  new  realm  of  truth,  and 
changed  the  course  of  human  aOkirs. 
After  the  world  had  been  long  domi- 
nated by  philosophies  that  were  fall  of 
contempt  for  matter — philosophies  that 
were  espoused  by  theology  and  uccred- 
ited  in  the  great  seats  of  learning — 
it  was  not  surprising  that  science, 
which  declared  matter  to  be  an  ex* 
cellent  things  and  quite  fit  to  he  studied, 
should  have  been  denounced  and  re- 
sisted; but  it  iff  surprising  that  after 
science  has  made  an  intellectual  epoch, 
and  created  a  new  and  nobler  future 
for  humanity  by  the  study  of  the  di- 
vine laws  as  embodied  in  matter,  there 
should  still  he  those  w!io  mumble  the 
exploded  prejudices  of  tlie  post,  and 
make  themselves  miserable  ahout  the 
**too  matcrialistio  "  tendencies  of  mod- 
ern thought.  Read  Papillon^s  article 
in  the  present  number  of  the  Month- 
LT,  and  see  what  **  matter"  means  in 
the  light  of  recent  science. 

And,  speaking  of  materialism,  here 
comes  the  London  Spect4it^r^  with  more 
talk  upon  the  subject.  This  journal 
affects  philosophy,  and,  for  ye^rs,  has 
been  in  the  habit  of  branding  with  op- 
probrious epithets  doctrines  it  did  not 


646 


THE  POPULAR  SCIEJ^CE  MOXTHLT. 


bappeo  to  like.  It  recentlj  tried  to 
fjtaten  the  imputatioD  of  matenaHsm 
upon  Mr.  Douglas  Spalding,  on  acconnt 
of  his  psychological  views;  but  that 
gentleraan  repelled  the  charge,  and, 
apparently  in  mucli  confuBton  over  the 
aubject,  the  SpecUitar  dow  formally 
asks,  "  What  is  modern  materialiflto  t " 
— a  question  which  it  might  better  have 
eettled,  for  its  own  gmdance,  some  time 
ago.  And  the  answer  whicli  the  Spte- 
tator  gives  to  its  own  question  is  cer- 
tainly extraordinary.  In  the  fi  ret  place, 
it  in  forms  us  what  materialism  is  not ; 
and^  strange  to  stay,  it  de^^lares  that  a 
belief  in  the  materiality  of  the  aoul^ — 
that  its  qualities  are  physical,  vislblei 
or  tangible^  instead  of  spiritual — is  not 
materialism.  The  editor  says:  ^^It  is 
not  properly,  we  think,  raaterialism  to 
believe,  as  some  very  eminent  thinkers, 
and  some  very  eminent  and  (in  their 
day)  orthodox  ecclesiastics  have  be- 
lieved^ that  the  soul  of  man  is  a  physi- 
cal entity,  existing  only  at  some  par- 
ticular point  of  spHce/^  On  the  other 
han4  the  Speictuhyr  affirms  that  the 
pure  idealist,  who  goes  so  far  as  to  deny 
the  existence  of  matter^  and  to  resolve 
all  things  into  immaterial  or  spiritnal 
agencies,  may  yet  be  a  materialist. 
Henoe^  according  to  this  orade,  he  who 
believes  in  nothing  but  matter  need 
not  be  a  materialist ;  and  he  who  be- 
liev^a  in  nothing  but  spirit  mar  still 
be  liable  to  the  reproach  of  materialism. 
Bui«  if  materialism  has  nothing  to  do 
witli  the  question  of  matter  and  spirit, 
in  what  doea  it  oonsist  t  Why,  accord- 
ing to  the  JS^f^eimtar^  it  consists  in  be- 
lieving that  the  universe  onfolda  from 
*  lower  Into  a  higher  stale,  and  '*that 
tli#  hig:her  order  of  pheoomena  are 
tttrietly  dep^idenl  on  the  iower.^^   Nor 

•  dots  it  make  any  difl^renee  if  the  nni- 
e  is  hdd  to  have  heed  oanaed  and 
to  be  irovemed  Ky  a  Onaaliv«  Spirit;  if 
that  rovernment  prooeeda  by  the  meth- 
od of  a  gradual  milbUiQf  fhwa  the 

^i»war  to  Oie  hlflier,  he  wlio  MSivts  il 
A  Bal«ri«lii|.    Aad  aos  iaOie  iMt 


exigency  of  polemics,  an    obnox  

tenn  is  wrenched  from  its  strict  tsA 
long  ^sanctioned  signiScaoce  to  be  tued 
simper  as  a  vehicle  of  opprobriom. 
The  Sp^tatQT  would  have  been  equal- 
ly honest  and  leas  absurd  if  it  had  com* 
pressed  its  article  into  two  lines  a»  fol* 
lows:  ^'^What  is  modem  matenalisnil 
A  dirty  label  to  be  plastored  upon  lb« 
evolutionists,-^ 

LITERARY  NOTICES. 

PaETiiaroaic  Races  of  tux  United  ^Mxm 
OP  AkCERiGi.  By  J,  W.  FosTta^  LLB, 
Chicago:  a  C.  Griggs  &  Co.,  167$,  p|i^ 
415,  price  |5.00. 

Ih  briefly  referring  last  toooih  to  cbt 
sudden  and  lamented  death  of  Dr  Fosier, 
we  mentioned  that  he  had  jnai  comiiletfd  i 
new  irork  on  the  prebiatorie  Ametiout  mcci 
il  careAil  examination  of  the  book  faai  ssV 
ifified  us  that  it  b  one  of  the  mort  iatms^ 
ing  and  important  contrihutlona  (e  Aa«i 
can  archieolQgj  that   have  jet  app^iid, 
and  will  take  rank  with  the  leading tneatiM 
upon  the  general  subject  by  BaropfSK  i^ 
chieologists.     We  had  thought  of  sii^ 
some  extracts  from  the  volnroe,  bai  II  ii  11 
lull  of  interest,  from  beginnh^g  t»  «d,  «i 
to  make  selection  perptexis^  and  wt  ft 
not  for  the  restraints  of  oopyri|ibt  w«  liotM 
be  templed  to  nm  the  whole  work  ihiu^ 
The  PoriTLaa  ScamcB  Moarra&r,  at  H  Mi^ 
tains  jost  that  kind  of  iafiDraMHioB,  la  ^m, 
eompreMedi  and  intelHgible  lbffiii«  vtldb  i 
adapted  to  the  maea  cf  readers.    Attbosik 
drawing  upon  various  autb«itjic  ■oanc»  ftr 
his  facta»  Dr.  Foater  iraa  very  «kr  tnm  ^ 
ing  a  mere  compiler.     Us  had  ta  fotktf^ 
astie  hiterest  in  the  questUm,  and  ptfS*^ 
it  by  direct  obaerration  and  exttfsslfe  orJj^ 
nal  ittqutriea.    The  anibor  explaha  Wt  b 
was  attracted  to  the  iPTaat^gatioB,  to  ^ 
opening  paaasge  of  hta  pralhca.    S«  v^- 
'' In  early  OMnhood,  wlin,  ftpf  te  M  ^M 
I  gaaed  npoo  the  worfca  of  ifaat  vT^Mrio* 
people  known  as  the 
mind  recelTfd  a  ehu 
tnbeeqnent  yeara   hav*    fisM   U 
These  works  are  In  the  vieiBlly  of  y**^ 
Ohio ;  and,  sltboo^  not 
dooa,  are  the  most  elaborate  la  Ibt 
scries.     It  was  a  bdghl  wnnniaf*» 
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iimllgbti  streuning  through  the 
of  the  den£€  canopy  of  foliage 
,  fell  upon  the  ground  in  flickering 
cheB.  A  slumberous  ailenc^  fiUtxl  the 
And  I  confess  thai,  aa  I  traced  oitt  the 
bTHnthiiie  system  of  earth woika  here  dis- 
lljcd,  with  itfi  great  circles  and  Bqttaree, 
\  ocUigoiiA,  gate-wnja,  paralkl  roada,  imd 
tunmll,  the  whole  spread  over  an  area  of 
f€TeirmJ  square  mites,  and  as  I  6 peculated 
upon  the  purpoees  of  their  coustructioti^ 
and  on  the  origin  and  eitinctioti  of  the  peo^ 
pie  hy  whom  they  were  reared,  1  wna  pro- 
foundly impressed*" 

The  first  chapter  of  the  work  gives  an 
exeeUent  summary  of  the  general  argtiment 
on  the  anti<iutty  of  man,  as  illustrated  by 
Bieep^tn  eyideooes.  The  second  chapter 
jBaeaaseB  the  same  queetioTi,  on  the  basis  of 
^Hdeoce  furnished  in  the  United  States. 
VhAptcr  UL  opens  the  que^on  of  the 
mound-builderSf  and  the  geographical  dis- 
tribution of  their  works;  and  the  fourth 
chapter  treats  of  shclUhanks  and  shell- 
heaps,  and  the  character  of  the  er&uia  found 
tfcodated  with  them.  Chapters  V.^  VI,, 
and  VIL,  amplify  the  discussion  of  the 
mound 'build era,  their  encloaures^  their  ana 
and  nianoikctures,  and  the  character  of 
tlieir  ancient  mining.  The  cranial  and  atia- 
tooiical  characters  of  the  mound-builders 
At«  dealt  with  in  Chapter  VIIl,,  while  Chap. 
ter  DL  considerB  tbetr  manners  and  cus- 
totna,  on  the  basis  of  ethnic  relations^  The 
problem  of  the  old  American  civilizations  is 
here  entered  upon,  preparatory  to  the  ques- 
tion, **  Who  were  the  mound- builders  ?  *'  con- 
•idered  in  Chapter  X,  Chapter  XL  simi- 
nuuiies  the  discussion  of  the  unity  of  the 
liitiDan  race;  and  Chapter  XII.  closes  the 
work,  by  treatinir  of  chrouonietnc  measure- 
tneulfl,  as  applied  to  the  antiquity  of  mui, 
Jha  whole  expoiiition  is  condensed  into  400 
ptfef,  and  the  publieherB  have  done  their 
part,  In  the  fine  execution  of  the  engravlDgs, 
iBii  the  beautify  typography  of  the  book. 

FooM.  By  EpwAEn  Fmitb,  M.  D.,  LL.  B., 
F.  R.  a  New  York  :  Applctons,  1873, 
pp,  i#iB,  priee  $1*75, 

Wbvn  the  editor  of  this  periodical  was 
HXurope^  in  1871,  arranging  with  authors 
Bwfite  for  the  Lvtkrh4tionai.  Scikktific 
^bus,  be  was  aasured,  by  good  authority, 


I  that  the  ablest  man  in  England  to  treat  the 
subject  of  foods  was  Dr.  Edward  Smith* 
This  gentleman  bad  made  bn  port  ant  re- 
eearehes  into  the  character  and  phy.siologi- 
cal  effects  of  alimeota,  and  his  results  were 
accepted  among  men  of  science  as  of  great 
value.  He  was  a  Government  Tni- pecU.tr  of 
Dietaries,  and  had  published  several  works 
upon  Food  and  Diet,  His  eervtcea  were 
secured  for  the  undertaking,  and  the  IHtle 
treatise  he  has  produced  shows  tlmt  the 
choice  of  a  writer  on  thii?  important  subject 
was  most  fortunate,  as  the  book  is  unquei$- 
tionably  the  clearest  and  best-digested  com- 
pend  of  the  Scteuce  of  Foods  that  has  ap> 
pcarcd  in  our  language. 

The  excellenl  work  of  Pereira  was  pub- 
lished thirty  years  ago,  and  nothing  better 
has  been  issued  during  the  past  gcnemilon  ; 
but  the  advances  in  our  knowledge  of  the 
subject  have  been  so  great  that  it  m  now 
out  of  date,  and  is  but  rarely  referred  to. 
Dr.  SmJth*s  book  is  not  only  scientific  but 
practical :  besides  explaining  the  nature 
and  properties  of  food^,  as  determined  by 
the  chemi.4t,  he  ehowa  how  they  are  altered 
in  taste  and  digestibility  by  the  operatiani 
of  the  kitehen ;  and  presents  the  informa- 
tion (u  so  Bimple  and  intelligible  a  form, 
that  it  may  be  apprehended  by  eviitybody. 
Dr.  Siiiiib's  **  Foods  "  is  emphatically  a  book 
for  ibe  people;  not  a  mere  recti pt-book, 
akliough  it  contains  many  excellent  diree- 
tious  for  the  preparation  and  u>ie  of  alimenta, 
hut  a  summary  of  facts  and  principle* 
for  those  who  desire  to  understand  the  sub- 
ject. His  claseification  is  simple  and  com- 
prehensive. The  term/oot'k^  as  he  uses  it, 
embraces  all  forms  of  matter  that  are  intro- 
duced into  the  living  »Tstem  to  cany  on  the 
vital  processes,  and  bis  leading  divisions 
are  into  solid  foods,  liquid  foods,  and  gas- 
eous foods.  Part  i,^  treating  of  soUd  foods, 
takes  up  first  animal  food^,  which  are 
grouped  ap  nitrogenous  and  non  nitrogenous, 
and  the  vegetable  foods  are  then  considered 
under  tb©  same  groups.  Part  II.  treats  of 
liquids — water^  milk,  tea,  coffee,  and  the 
various  l>eveniges»  Including  alcobola.  Pifl 
III,  treats  of  atmospheric  air»  from  ihc  ali- 
mentary point  of  Hew.  As  it  costs  nothing, 
requires  no  cooking,  and  is  not  paHsed  into 
the  stomach  for  digestion,  air  is  not  gen- 
erally mcluded  among  foods ;  bttt,  as  it  ia 
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more  neeessiiry  to  the  vitai  processes  tbftn 
as  J  other  substaDCe,  and  b  honored  with  a 
specud  cbanncil  for  tntroduottoa  iato  the 
ajstem,  imd  b  iiibte  lo  diich  TArmtion  of 

,  quoIUy  a^  profoundly  to  alfect  the  health, 
its  treatment  wu  neceBaary  to  give  com- 
pletene^s  to  the  plan  of  the  work^  und  no 
portion  of  \t  wtU  be  found  more  intere»ttiig 
or  important  than  this.  Dr.  Smith  baa  en- 
Hob  ed  hi^  rolutne  by  a  aeriea  of  graphical 
diagrams,  whiob  present  to  the  eye  the  elTeot 
of  rartouB  aHmentary  snbBtances  upon  the 
puUe    aud    respiration.     This    method  of 

I  pbyaiological  illustration  is  of  great  value, 
and  has  been  loug  in  tiae  among  scientific 
men^  as  it  brings  Into  pictorial  view,  so  as 
to  be  quickly  compr^endcd  and  easily  re- 
membert9d,  tbe  resiilta  of  long  trains  of  in- 
▼estigation.  This  is  tbe  first  time  that  the 
graphic  method  of  illustration  has  been  ap- 
plied to  thifl  Bubjoet,  for  purposes  of  pop- 
ular iDstructioi].  A  little  careful  attention 
will  be  required  at  first,  to  get  familiar  with 
tbtt  meda  of  illustration,  but  for  this  the 
result  will  be  found  amply  compenaating. 

A]iRA!V0E»E7m»  bftve  been  made  for  tbe 
translation  of  tbe  International  Scientific 
Series  into  the  Russian  language,  and  the 
works  are  all  to  be  published  in  St  Peters- 
burg. Negotiation!!  are  aLio  pending  for 
the  reproduction  of  tbe  series  in  the  Italian 
languagei.  When  tliia  Ia  done,  each  author 
WtU  be  read  in  six  count rieSi  and  have  pay- 
ment for  hia  book  from  aijc  publiahers.  The 
works  of  Prof,  Bain  on  **  Mind  and  Body ;  " 
of  Dr.  Pettigrew,  on  **  Animal  LocomO' 
tion;"  of  Balfour  Stewart,  on  ''The  Con- 
serration  of  Energy ; "  of  Prof.  Marey,  on 
*'The  Animal  Machine ;  "  of  Herbert  Spen- 
cer, on  "  The  Study  of  Sociology ;  "  of  Prof. 
Amos,  on  "  Tbe  Science  of  Law ;  "  and  of 
Dr.  Carpenter,  on  "Mental  Physiology," 
are  now  all  in  press,  and  will  be  soon  issued, 
and  are  to  be  rapidly  followed  by  other 
English,  German,  French,  and  Araeriean 
worka,  now  in  course  of  preparation. 

Siooifo  Book  of  Botant;  a  Practical 
Guide  to  the  Obserration  and  Study  of 
Plants.  By  Elika  A.  Youvass.  Pp. 
8H>,  422  cuts.  Price  $1.50,  New  York: 
B.  Appletoo  &  Co. 

This  volume  ia  a  continuation  of  the 
method  adopted  by  Miss  Yonmans  in  the 


"First  Book  of  Botany,*'  pabtisbed  thm 

years  ago ;  and  its  peculiarity  Is  that  &  ea^ 
forces  the  direct  and  systematic  study  of 
plauta  themselTes.  Her  object  ia  to  make 
the  &tudy  of  Nature  a  means  of  mental  eal- 
tivation^ — an  end  which  can  only  be  gained 
by  familiarity  with  the  objects  of  Nat^r*, 
and  for  this  our  schools,  as  at  present  tam- 
■1^,  make  no  suitable  preparation.  In  bar 
Introduction  Hiss  Youmon^  eaj^:  "Oar 
plan  of  general  education  indudea  not  % 
single  sul^ect  that  can  secure  the  inental 
advantages  arising  from  the  direct  and  sy^ 
tern  a  tic  etudy  of  Nature.  W©  do  a  grtrt 
deal  in  the  way  of  *■  mental  discipline,^  bat 
the  order  and  truth  of  things  around  as  sit 
not  allowed  to  contribute  lo  iL  We  train 
tbe  faculty  of  calculation  and  drUl  tbe  ma^ 
ory  in  lesson-learning ;  but  the  r««litici  of 
Nature  6nd  no  place  in  our  schools,  as  ncaos 
of  mental  onfolding,  for  training  in  obiefv 
ration,  and  for  working  the  higher  facaltlei 
of  reason  and  judgment,  upon  natural  thiopi. 
In  short,  for  ealling  out  the  more  imporiiat 
powers  of  the  mind  by  actual  exercfoe  npoo 
tbe  objects  of  surrounding  exporienoe^  our 
edtioational  system  makes  no  proTi^ian 
whatever.  Neither  reading,  writing,  aritb* 
mctic,  grammar,  nor  geographyt  brings  i^ 
mind  into  contaot  with  Nature  at  all;  md 
wen  the  icknMS  of  physics,  chemistiy, 
pbyaiology,  and  botany,  are  usually  aoqairtd 
from  books^  and  with  so  little  regard  to  tlie 
real  objecta  of  wldeh  they  treat,  thst^ai 
means  of  mental  improrement,  they  art  d 
very  slight  service." 

Bdieving  that  botany  haa  tpedal  md 
preeminent  claims  to  be  introduood  bto  all 
schools,  AS  a  means  of  training  ih»  flMollitt 
of  observation  and  reason  upon  actual  p]is> 
nomena,  Mlas  Toumans  has  shaped  bet 
method  entirely  to  the  attainment  of  lliii 
end.  She  holds  that  "  like  arithmotle,  boc^ 
any  ia  only  to  be  acquired  by  first  mastsr- 
Ing  ita  rudiments.  And  as  in  aHlhapetie 
the  stndeot  ia  oompelled  to  exer«lsc  hla 
mind  directly  upon  numbers,  and  work  oat 
problems  for  himself,  so  in  botany,  if  worth 
pursuing  at  all,  it  should  be  studio  In  iti 
actual  objeets.  The  characters  of  pkoff 
must  become  familiarly  known  bv  the  de- 
tailed and  repeated  examination  and  acooiatt 
description  of  large  numbers  of  spcoiBMea 
The  pupil  must  proceed  step  by  step  fin  ikb 
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nm&rf  work,  digeatmg  hi  a   obaerra- 

tioofl,  and  making  the  facts  hb  own,  unlll 

^ft  beeoraea   intelligent  in   regard   to  the 

^Kunon  varietled  of  pUut-foruis  &nd  stmet- 

^Hes,     It  10  beeause  the  text-book 8  of  bot« 

^^7  hitherto  in  use  fail  to  provide  for  and 

to  enforce  thiB  thoroughness  of  iDtrodtac* 

tory  etud y  of  the  characters  of  pknta — fail 

m  the  Tcry  groundwork  of  the  aybject — 

that  the  present  plan  of  study  baa  been 

prepared.'^ 

Kisa  Tomnana's  books,  therefore,  bear 
the  fame  relation  to  the  vegetable  kingdom 
that  an  art'g:allerj  '^  (^uide  ^'  bears  to  a  ool- 
lection  of  pictures:  in  connection  with  them 
^b  i«  Tataable  and  important;  apart  from 
^Bfeim,  of  little  nse.     To  thoee  who  wish  to 
rmd  botany,  or  to  accjuiro  it  by  the  usual 
method  of  lessou-leaming,  ber  books  wUl 
he  of  small  Bcnrloe;  hut,  to  such  vs  desire 
y^  know  the  acienco  itself  in  its  facts  and 
at  fii^t  hand,  and  to  bf^eome  so 
nt  in  regard  to  vegetable  forms  that 
t!hey  can  read  them  aa   they  walk  in  the 
fidds,  like  prints  pag^^  tbe  method  of 
fltodj  that  she  has  arranged  will  be  in  valu- 
able.   The  object  that  she  wishes  to  tec^re 
beuig  mainly  educational — the  cultivation 
^i  independent  ohserration  and  reason,  as 
^blied  to  objects  of  experience — she  insists 
^Kt  the  study  muat  be  commenced  early, 
^Bile  the  chililiHli  mind  bs  la  its  pero^ptire 
■B^and  peculiarly  alive  to  external  things. 
The   PSr»t  Book   is   therefore  adapted   to 
young  children  and   begioDers,  and  deals 
only  with  those  rcadilyobacrved  characters 
of  plants  which  can  be  examined  with  the 
naked  eye.   The  Second  Book  begins  where 
the  First  left  off,  and  goes  more  thoroughly 
into  the  work ;  the  iij»e  of  magnifying-glasaes 
«Bd  microtcopea  is  now  commenced,  and 
Qtaerration  becomes  careful  and  complele. 
Tke  •chedule  system  is  carried  out  in   its 
nfi^UcAtioii  to  the  flower,  and  **  the  pupO  is 
iQtD<iuccd    to  the  leading    principles  by 
vfaich  plantfl  are  arranged,  and  set  to  mak- 
^  group«  of  those  that  most  nearly  rc- 
ttoible  each  other  m  important  characters, 
B|  i«  here  call^  u|>od  to  do  his  own  think- 
iB|»  «Bd  to  form  opinions  as  to  the  amoimt 
ti  resemblance  between  diSTercnt   plrtots. 
fis  kai  lo  decide  whether  a  certain  group 
of  chariiQleri  presented  by  this  specimen  is 
Eke  one  or  mother  group  presented 


by  other  plants^  and  this  leads  on  to  the 
comparison  and  estimate  of  tlie  relations  of 
different  groups  with  each  otlier.  It  is  thus 
that  the  disclpUne  of  the  judgment  and 
reason  begins  to  bo  secured  at  an  early 
stage  of  the  Btndy,  and  is  continued  with 
more  and  more  complcteneps  as  it  goes  on."  ] 

A  great  deal  is  said  by  thoughtful  edu- 
cators about  the  need  of  the  more  direct 
and  thorough  study  of  Nature,  but  the  dif- 
ficulty has  hitherto  been^  how  to  make  it 
generally  possible  and  practicable.  These 
little  Books  of  Botany  show  how  it  may  be 
done,  and  provide  for  the  doing  of  it.  **  They 
are  guides  to  self-education,  and  are  adapted 
for  use  in  school  or  out»  by  teachers  and 
mothers,  whether  they  know  any  thing  of 
the  subject  or  not,  and  by  pupils  without 
my  assistance  at  all,"  They  set  the  pupil 
to  work,  gnide  him  in  his  course,  and  bring 
him  face  to  face  continualiy  with  difllculties 
which  it  will  req,uire  the  exercise  of  inde- 1 
pendent  judgment  to  deal  with.  Mistake 
will  of  course  bo  made,  and  «?ffort  wiU  be 
necessary  to  correct  them,  but  this  is  the 
solo  condition  on  wbicb  the  judgment  of 
things  is  to  be  educated.  The  ^^ue  of  the  i 
Btud^  of  Qatural  history  classifications  as  i 
means  of  higher  mental  discipline — not  in 
hooka,  but  in  the  objects  themselves  which 
illustrate  them — has  been  long  recognized, 
and  botany  unquestionably  nflbrds  the  beat 
fadlities  for  obtaining  it.  Upon  this  point 
Wim  Youmans  remarks:  *'Iis  discipline  is 
corrective  of  the  moat  common  defects  of 
education,  and  is  eminently  applicable  in 
forming  judgments  upon  the  ordinary  affairs 
of  life.  Carelessness  in  obBen'ation,  loose- 
ness in  the  application  of  wordg,  hasty  in- 
ferences from  partial  data,  atid  lack  of 
method  In  the  contents  of  the  mind,  are 
common  faults  even  among  the  cultivated^ 
and  It  IB  precisely  these  faults  that  the  atudy 
of  botanical  science,  by  the  method  her© 
proposed,  ia  ealculated  to  remedy.  That 
the  habit  of  systematic  arrangement,  in 
which  the  study  of  botanical  clasfificatioo 
affords  so  admirable  a  trniniTig,  is  equally 
valuable  in  methodizing  all  tlic  results  of 
thought,  is  tcatjfled  to  by  one  of  the  most 
intellectual  and  influential  men  of  our  time, 
Mr*  John  Stuart  Mill  He  was  a  regular 
icld  botanist,  and  cultivated  the  subject 
with  a  view  to  Its  important  mental  advaQ* 
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li  ia»d  bit  grcttl  «or1c  00  kngk  took  ft 

I  vWeh  doolil  «oi  Iiatc  bM«  gfrm  it  if 

k  tfUlHM-  bad  tK»t  bMD  A  vorkiDg  naitinl- 

I  as  veil  SA  •  lodctuL     In  the  teoood  ▼al> 

ft  of  bU  **  ftTsiero  of  Logic  *"  llr.  3Sitt  «j» ; 

"•Altboofb   tbe  M^entific  tmngemcttte 

Of^l^BJe  N «lwe  afford  u  yet  ibe  mify 

»le  of  Uw  true  pniieipl«t  of 

I  dMMAeatioa,  wbetber  Afl  to  the  for- 

of  groups  or  of  fiories,  these  prin- 

rfl^plcs  sre  appficable  to  all  raset  ia  wbkb 

TniffW~*  are  caOed  itpoo  to  bring  the  van^ 

tmm  parte  of  any  est^oeiTe  sabieci  aito 

I  codidioatiin.    Thej  are  as  modi  to 

I  wbeD  nbjeeia  are  to  be  daaifd 

I  of  ait  or  boaincaai  aa  for  tbooe 

'  of  adenoe.    The  proper  arrmi^^eaeat,  for 

esaiqpie,  of  a  code  of  kws,  depeoda  on  tba 

I  aefentiilc  oooditknia  aa  the  elaasifica^ 

I  m  nalnnl  Idatory ;  oor  eoold  there  be 

Lli  better  prepuatorj  diadpline  for  that  im- 

l^ortaiii  Aanetioii  than  the  atody  of  the  pria- 

I  of  a  natural  arraBfamiat,  not  onlj  in 

'  the  abstract,  bot  in  their  aelaal  appioation 

to  tb«  clasj  of  pbeoonieoa  for  which  they 

were  first  eUborated^  and  which  are  slill 

the  beat  achool  for  learning  their  oae.** 

Tm  SAVIXAUA9.  A  XontUr  Journal,  edited 
by  A.  N.  BKL^  M.D.  New  York:  A.  a 
Baznea  k  Oo.    #S.OO  per  umum. 

Tbx  samtarr  qtiestiOD  ia  now  tippermoot 
in  the  pubtic  mind,  and  it  ia  gratiQring  to 

r  oee  that  the  diicuaalon  of  it  b  not  goii^  to 
be  kept  aa  a  ^mystery**  in  the  medical 
Erery  human  bong  ia  ooa- 
ia  thia  matter;  and,  if  aanilaiy 
baa  any  anggealiooa  to  nmkm,  they 
UttBt  be  made  directly  to  the  people  them- 
eelrea.  ThiA  ia  what  the  periodical  before 
tu  aims  to  do,  and  thia  it  ia  doing  welL 
The  pap^"  in  the  AnguAt  nttmber  on  the 
rentiUtioo  of  the  public  achoola  of  tlua  dty 
ought  to  be  printed  eepAraidy  and  plaood 
In  the  handa  of  all  the  oofnmiaaioiici% 
tntitoea,  inapectofa,  aapenntendeotat  and 
other  oflleera  connected  with  the  aohooli 
notoioeptingtheianliorL  The  aame  mna- 
ber  eotttaina  alao  the  foOowing  artidea: 
Cholefm  aiamped  ont;  Animal  Bdbae  of 
targe  Cities;  Defe<rdve  Drminage;  Aotioo 
of  Tea  on  the  Human  Syetem;  Cholera; 
Morbid    EfTects    of   Alcohol;    the    PnbEo 

I  Health;  Bditor'«  Table;  Book  Kotloea. 


MISCELUNY, 

RiMmltm  li  Sew  ZeaUad.-Lait  J 
nary  a  large  quantity  of  nahDOO-eg^  N» 
English  waiera  waa  abqiped  to  Hew  Zaa^ 
land.  They  woold  reach  tbeir  desdatClK 
m  119  daySf  but  it  vaa  a  qaeatian  wbrthir 
they  would  be*r  ao  protracted  a  )0«ne;, 
though  carafdly  packed  atid  surroaodei  bf 
io&  Todeleiminetfaja<ineaekHi,foiir1 
of  ora,  packed  after  the 
those  B^t  to  New  SCealand,  were  i 
at  the  oflice  of  a  Londoa  loe 
After  the  kpae  of  113  dnya.  tbeae 
were  opened,  and  the  leapenlarw  wae  tf 
found  to  be  %r  Fkbr.  ^ta  ont  «f 
boxes,"  wrHei  Mr,  Bocklnid,  "tiia  t| 
oeaHy  all  contained  liriag  fidi;  biJ 
they  were  'bKnd,'  IhnI  ia  to  aay.  no  cnhiyi 
could  be  seen  In  tboBi.  Ia  all  the  f 
there  was  a  certain  pcroart^ge  of  « 
had  turned  quite  while,.  Sona  «f 
white  eggs  preMSledni 
—namely,  a  spot  exactly  Ibe  calsf  rf  • 
strawberry,  which  oorered  a  third  af  #• 
aorfaoe  of  the  egg-"* 

The  experiment  wia  on  tbe  wMt  aii^ 
factory*  and  pravea  that  aaluauw<|gi  WQ 
be  kept  In  a  healthy  oowdHion  for  lit  4tm 
or  longer.  It  la  atill  a  qneatioa,  boretf^ 
whether  the  firers  of  New  Zealad  m 
suited  for  tiie  cultrrwtkNt  of  aalmok.  Seat 
years  ago  1,800  troot^ofm  www  •N'H  •• 
Yktork,  and  recently  Mr.  BuekM  i^ 
odred  from  that  colony  a  trout  wtigHaf  1) 
Iba.  If  sahnon  thrlfw  eqwaOy  wfA  In  ^i^ 
tralasian  ^m^%,  tbla  eany  *m  "fiatdrf 
natural  history"  will  be  prodncttre d  I 
mense  benefits  to  the  BfitUh  cfiiwm  ^  !^ 
South  Pacific  at  no  diatant  dny« 

Hew  Tbttry  tf  WMet  fiipl* 

late  number  of  the  Amwimm  ^n 
paper  by  Dr.  L.  Bradley,  on  **Tba  I 
tkm  of  Water  by  H««t  aa  a  Oaow  of  I 
Explodona,"  in  which  the  author  w«7  ^ 
shows  that  «u^  aeddmla  aiwhuaaa^v^ 
produoed,  not  by  lonaloii  of  aMmt  ^H 
the  explosion  of  oiyhydrogca  p^  ^ 
Bradley  in  Ae  fint  place  i«Ufli  vary  <><>;^ 
the  histoty  of  the  law  of  I 
aeparatlon  «f  a  cooipowod  body  I 
tnsBta  by  the  forae  of  bosL  Vim 
pboHo  pceiMw  tbt  tw^  dvunts  di 
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npOT,  Tt8.,  OJTgi?ii  and  liydrogeii,  are  diaao- 
^ted  at  1,298**  Fabr,  ''If,  ihererore,"  says 
Lbe  author,  *^  we  heat  a  bar  of  Iron  to  fullj 
^198^,  and  place  it  over  a  globule  of  water 
&{Mm  an  aavili  a  blow  with  &  baromer  will 
dicit  the  detooatioQ  of  a  riOe ;  I  have  re- 
nted this  espcrimcQt  often.  The  elementfi 
it  the  water  dis60oiate  bv  the  heat,  and  tn- 
ptoPtaneously  rooombme  in  cooling,  causing 
|i#  detonalioD,** 

HjThe  degree  of  dififlociation,  ai  of  eTapo- 
Sbod,  dM^iendj  on  the  presaure:  under  four 
ItnuMphcres  (00  lb«.),  the  heat  rec|uirtMl  for 
Ihsooiation  is  1,870".  But  the  qucFiion 
Iriiea,  If  the  vapor  diasociates  at  ihe^e 
Mnperatures,  why  do  not  tho  gases  infftas* 
taneoiulj  combine  and  detonate  ?  The  rea- 
loil  is   plain:    in  the  boUi^r   the  atoms  at 

P«  become  mixed  with  a  Toluioe  of  steam 
Ici^Q^  to  render  them  IneiploaiFe. 
The  condition  req^alte  for  the  genera- 
laoo  of  exploslfe  gaa  hi  a  boiler  is  that 
rmpor  be  in  contact  with  a  surface  heated 
to  1,2^8'',  or  higher,  according  to  the  press- 
pfci,  aa  ve  hare  aeen.  Now,  this  condition 
MJ  occur  in  a  boiler  filled  with  water, 
to  the  property  which  that  liquid 
of  assuming  the  spheroidal 
^bftp€  when  in  contact  with  a  hij^htj -heated 
^nrlaee.  *'Tt  is^  therefore,  oot  dllHeult  to 
^chide,'^  savs  the  anthor,  "  that,  In  ca^e 
^  Tcry  heavy  firin/?,  a  thin  film  of  vapor 
^j  form  between  the  water  and  the  boiler, 
^ad,  when  this  is  once  formed,  the  beating 
if  the  boiler  would  be  so  rapid  tliat  notb- 
ng  bat  the  cooling  process  of  dissociation, 
rtkiidi  would  then  commence,  could  save  it 
lap  completely  burning  through." 
^Kxpiosion  would  then  occur  wheneTer — 
ptbe  Qsyhydrogen  gaa,  as  compared  with 
b^itevn,  riMet  to  the  explosive  proportion ; 
f^  S.  When  the  steamy  by  condensation, 
Mt  to  the  explosive  proportion.  To  make 
||ipMloii  pOMible^  the  proportion  of  ozy- 
^Bd^oi  ^m  to  vapor  must  be  ai  least  as 


Edtrstlon  1i   ExtR'Isnd.— Sir 

Mmaon,  a  manufacturer  of  Blrming- 

about  to  found  a  scientific  college 

towD  on  a  most  liberal  scale.     It  m 

10    afford    thorough    systematic 

fn-tniction,  specially  adapted  to 

ic4tl,  mechanical,  and  artistic  re- 


quirements of  thai  great  centre  of  mauu- 
facturing  industry.  Systematic  instiiiciion 
is  to  be  given  in  mutbematics ;  abBtract 
and  applied  physics ;  chemistry^  theoretical^ 
practical,  and  applied  ;  the  natural  sciences, 
especially  geology  and  mineralogy,  with 
their  applicotion  to  mines  and  metallurgy ; 
botany  and  zoology,  with  special  appiica- 
tion  to  manufactures  ;  and  physiology,  with 
special  reference  to  the  laws  of  health.  The 
Euglitih,  French,  and  German  langimge;*  will 
be  taught}  but  mere  literary  instruction  ia 
deluded.  No  principal,  professor,  teacher, 
or  other  officer  of  the  college,  is  ever  to  be 
called  upon  to  make  any  "declaration  aa 
to,  or  submit  to  any  teat  whatever  of,  hifl 
religious  opinions,'^  and  the  institution  is  to 
admit  all  persons  ''  without  distinction  of 
age,  class,  creed,  race,  or  sex,"  to  the  popu- 
lar lectures ;  while  the  regidar  course  will 
be  open  to  (|Utilified  persons  of  all  classics, 
''especially  the  more  intelligent  youth  of 
the  middle  class."  This  Kahn-t:  culls  "  o&e 
of  the  most  princely  gifls  yet  made  to  poi- 
terity  in  England  by  one  of  her  wealthy 
sons.*^ 

Tbe  Hotflillfi§  Ref  olT«r-CaDD9ib^-5ome 

trials  were^recentiy  made,  says  the  iZsviM 
(PAriiUerie^  attlie  Satory  Polygon,  with  a  n^« 
volving  cannon,  invented  by  Mr.  HotchkiBs, 
and  intended  for  the  Italian  Government. 
The  special  object  of  these  experiments  was 
to  ascertain  the  mechanical  value  of  thia 
engine.  This  new  arm  (whose  cslibie  is 
1|  inch)  differs  easentially  from  ull  other 
mitraillensea  hitherto  broiiglit  before  the 
public,  particularly  in  this,  that  it  dl^ 
charges  a  small  cast-iron  shell  with  percus- 
sion lijse,  the  effects  of  which  may  be  for- 
midable at  distances  relatively  <.'oii?iideniljle. 
We  will,  at  another  time,  present  a  com- 
plete description  of  this  gun,  but  for  ihe 
present  mnst  content  ourselves  wiib  giving 
aome  details  of  the  annnunition  employed. 
This  consists  of  a  cartridge  with  shell  at- 
tached. The  cartridge  proper  consists  of  a 
soldered  tube  of  tin,  with  one  end  dosed  to 
form  a  cup.  Thia  closed  end  is  reonfoi-ced, 
within  and  without,  by  two  Iron  cups,  and 
fastened  with  three  rivets  to  a  broader  iron 
plate,  which  forms  tlie  true  base  of  the 
cartridge,  bears  the  prei^sure  of  the  gase^ 
and  afford*  a  grip  to  the  extractor.    Tho 
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i  cap  U  fixed  in  (he  centre  of  thit 
plftte  Tlie  cmrtridge  will  hold  3| 
\  of  powder,  with  tpace  for  &  thick 
fdt  wa4  between  the  laUer  *nd  the  prcgectile. 
The  olurge  of  powder  employed  at  Sktorjr 
HIS  onlj  t\  ounces^  the  uooccapted  tpftce 
bcfn^  titled  with  two  diskj  of  brown  paper, 
Uid  over  the  powder  and  corered  with  w«d- 
diiig.  The  shell,  which  ht»  a  total  length 
of  2^  calibres,  has  a  Jacket  of  latten  corer- 
ing  a  portion  of  ita  length,  with  groorea 
uiffweriag  to  the  rifiingi  of  the  gnn.  Its 
weight  U  17^  ounces,  and  it  contains  a 
charge  of  1|  ounce  of  powder.  The  whole 
evtiidge,  charged  and  primed,  we&gfas  t%\ 


The  shell  doca  not  appear  to  be  held 
tightly  enough  in  the  CBrtridge-case ;  it  can 
be  deuched  hj  the  hand  with  but  little 
trouble^  and  there  ia  reason  to  fear  lest^ 
when  ehirged  ctrtridgea  are  transported  in 
boiea,  the  shells  may  be  s^Nirated  from 
thi^r  sockets. 

To  obriate  all  accidents,  the  re^oWer- 
eannon  was  set  en  baUerU  at  about  100  me- 
««a,  or  828  feet»  from  the  bntte,  the  ahells  be- 
ing charged  and  prorided  with  thin  perciis- 
•ion  fusea.  At  first  the  exploded  eartrf dgee^ 
when  withdrawn  from  the  eaii]ion;»  were  not 
ml  ooce  dropped  by  the  extractor ;  bot  this 
•light  delbct  waa  in  a  few  minutee  reinedted, 
■nd,  dunng  the  renainder  of  the  expeH- 
aenta,  there  was  no  further  difficult j  In 
working  the  piece.  The  car^tdgei  were 
greased  before  being  used 

They  suffered  no  iqjury  from  th#  dfa- 
charge,  and  could  be  recharged  and  used 
over  and  over  ag&in.  One  had  opened 
alon<;  the  soldering,  but  had  not  been  rent, 
nor  had  anj  gaa  escaped.  It  oonld  be  used 
again,  on  bcuig  solderad  anew.  Only  one 
cartridge  missed  fits,  and  even  thia  went  oif 
aft  the  third  tifal.  Only  one  of  the  shells 
■Iso  &Oed  to  explode.  Kearly  a!)  of  them 
went  through  the  target,  and  only  exploded 
in  the  butte.  One,  howerer,  buret  on  strik. 
big  the  target,  and  one  exploded  within  the 
gun-barrd;  but  this  latter  miBhap  ia  not 
necesaari)^  to  be  attributed  to  any  irregular 
notion  of  Its  fuse,  for  the  shells  appear  to 
hare  been  bully  C4ut,  and  one  of  the  walla, 
oAeotiuies^  by  reason  of  the  eccetttricity  of 
Che  oentral  roid,  is  ez^meiy  thm. 

Six  fhota  were  fired  in  anccetf  Ion  In  IS 


seconds,  the  oaitHdgM  beng  sd  In  piMi 
one  by  one;  then  U  outridget  in  ift  feD- 
onds,  with  the  oae  of  boxea  prerioulj  sup^ 
piled  with  1  oertnfai  number  of  Qsrtil4g«. 
The  fire  might  he  kept  np  §qt  aome  thnf  tf 
the  rate  of  fiO  shots  per  minute — e^ual  to 
t$  pounds  of  cast-iron  abot  off  in  (hsi 
apace  of  time.  The  firing  Is  Terj  n$i^, 
and  the  sighthig  does  not  appear  to  nndei|A 
any  notable  rariation. 

Each  shell  brenlcaiip  Into  13  or  U  Ihf- 
menls,  krge  enoagih  to  produce  mortsl 
wounds  at  a  certain  dtitanee  from  the  p«te 
where  they  ezplodeu  Moat  commonly  ib 
bottom-piece  (^oi)  separalen  from  the  mi 
without  breaking,  thoogb  tinee  of  cksTa^f 
mar  haTe  been  made  in  it  befordtand. 

A  notable  drawback  la  the  rapid  foufing 
of  the  gun  by  the  shells,  which  is  masi&ft 
after  the  first  few  shots,  and  quiclclj  grtm 
worse.  Doubtless  thia  ia  attrLbotable  10 
the  bad  quality  of  the  latten  forming  Ihf 
jacket  of  the  projectile. 

We  should  say  that  the  mechasica^f 
Hotchktas't  rerolTing  cannon  woria  «ilk 
certamty  and  regularity,  and  thai  its  amoa- 
nitlon  would  do  good  »etTice,  were  the  iM 
better  fastened  m  the  cartridge.  This  shdf 
is  an  article  of  difficult  and  detleate  wta» 
facture,  and  of  a  rather  high  price.  Tk 
cannon  would  doubtlesa  produce  focaidsUt 
effects  at  rangen  approacMng  tbaaesf  fldi^ 
artillery,  and  thi&  exploaiTe  properties  of  2b 
projectiles  gire  it  a  pwt  adnnl^  enr 
aQ  other  mitraiBenaea,  auiee  the  sim  csb  bi 
regulated  by  obaerring  the  point!  whsM  ibi 
aheUafaH 


IMOttttlOll  of  PlOWfttr— ICr. 

laat    year  exhibited^   at    the 
Academy  of  Katurmi  Sdeooes,  a  pmr  kit^ 
fibroua  Instead  of  gnnular  flesh,  swl  t 
tough  rind  like  that  of  the  apple    * '     ~ 
counted  for  theee  phenoraeaa  1^  V 
that  appte-pollen  had  imprc|,niiail  a  ^t- 
pistil    AtthemeeUn^oftb«Ani4eoi7Ml 
Jaouarj  21ft  he  exhibllad  an  ear  of  Isdisa^ 
com  which  aerrea  to  eonflnn  hb  hyppthin* 
As  ^on  aa  the  ''ailk,^  that  ia,  thf  ^K 
appeared,  the  pollen  in  the  ^  taa*^''  *'  tf  * 
quite  difibreot  mariety  of  com  wa- 
bottle  near  It,  tbo  plnnt's  own  ti^. 
been  cut  away  ecnne  time  prevtomif ,  i^ 
this  taaacl  wag  taken  awmy,  and  tffheti  ^ 
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another  of  a  dUfercriit  species.  The  result 
WMA  tbut  each  ffrmn  bore  a  rescmbliixice  to 
the  griuD  of  the  tvrci  impregimting  pluita, 
the  base  ha?mg  the  color  of  the  one,  atjd 
the  upper  half  the  color  of  tUe  other.  Tbu^ 
11  u  teen  thai  one  ovuk  may  receive  an 
impress  from  the  poIleD-grains  of  at  teaat 
two  separate  plaots,  eren  though  a  congid- 
etmble  time  intenreoe  betweea  the  Br^t  and 
ieco&d  impregDation. 


Hjidctn  AS  A  HsAllh-Bcsort.— That  in- 

iralidf,  who  yidit  dit^taiit  climes  in  pursuit 
of  ocmdilioiis  more  favorable  to  health  than 
tli^  can  find  at  home^  aro  but  too  often 
ltd  bj  false  hop«,  is  an  evorj-daj  obser- 
vmtloQ*  A  writer  In  the  London  Jtrms^  who 
went  out  to  Kadeu-a  last  year  for  the 
benefit  of  his  health,  has  proved  the  truth 
oCtlila  obserration  by  his  own  expenence, 
and  labors  to  convince  other  invalida  that 
they  oca  find,  nearer  home,  advantages 
erery  way  superior  to  those  enjoyed  at 
Madeira*  The  temperature  of  that  island 
it  DO  doubt  remarkably  equable,  the  ther- 
mooieter  very  rarely  kdicating  under  60^ 
orer  78* ;  but  yet  from  the  latter  end  of 
»nuif7  up  to  the  dote  of  the  writer's  let- 
'^  the  beginning  of  May,  the  weather  was 
as  aspleaaant  aa  could  prevail  even  in  Eog- 
lud.  Xhiring  March  there  were  keen, 
pisrcmg  winds,  and  oecasional  hot  sun,  and 
Apnl  was  a  succesaion  of  chilly ^  damp,  and 
rainy  dajs.  Thus  the  patient  is  almost 
■are  to  lose,  in  the  disooinforts  of  spring,  all 
the  streDgth  he  may  have  gaiot^d  during  the 
fltunmer  and  winter* 

A  Portuguese  never  ooDdeecendi  to  let 
ttpartxDcsta,  and  the  Invalid  must  put  up 
vitb  the  Tery  Imptafeot  acrommodatlon  of 
tbe  botelf,  where  comfort  and  sanitation  are 
totiMly  disregarded.  The  writer  regards 
Hm  Madeira  climate  as  especially  tinfavor- 
KjH^  eo  youthful  invalids*  Fmally,  It  would 
^^■bpear  thmt  every  obstacle  Is  placed  in  the 
^^Kjr  of  those  who  wish  to  return  borne  frony 
^^Be  Itluid.  The  writer's  conclusion  is,  that 
^^Bto  dbiuioes  of  recovery  for  a  consumptive 
^Bi»  §kf  better  at  home,  surrouoded  by  the 
QQBrcttiences  and  comforts  of  life,  than  in 
^t4rfT*j  vhere  the  only  favorable  condition 
b  the  elimate,  and  where  even  thai  adran- 
ta^  U  more  than  balanced  by  the  storms 
or  the  spring  season. 


Ltcofltrlae  DwflHiijKS  In  G«Fiuaiij«— The 

remains  of  ancient  habitations  raised  on 
piles  lire  of  rare  occun-ence  in  Germany,  and 
hencu  the  discovery  lost  year  of  the  dkbrtM 
of  such  structurea  in  the  bed  of  the  river 
Elster^  near  Leipsic,  awakened  a  Uvcly  in* 
terest.  The  discovery  was  made  by  fierr 
Jentzsofa^  of  the  Geological  Institute  of  Aus- 
tria. The  order  of  the  visible  strata  at  this 
point  b  as  follows :  At  the  basi^  is  found 
a  layer  of  sandstone;  on  this  a  lacustrine 
clay.  Botb  of  these  belong  to  the  upper 
portions  of  the  quaternary  rock.  In  the 
clay  are  two  beds  containing  the  remama  of 
plants,  and  among  these  are  found  leaves 
of  the  willow  and  oak,  fruit  of  the  Acer^  and 
sundry  other  vegetal  fragments.  Above 
these  occurs  a  layer  of  roots  some  inches  in 
depth,  which  shows  that  the  surface  of  the 
soil  remained  at  this  level  for  a  considera- 
ble period.  Tlie  uppermost  layer,  two  to 
three  metres  thick,  was  produced  by  an  in- 
undation. The  piles  discovered  by  Jentzsch 
in  the  bed  of  the  Elster  are  set  in  the  clay 
and  covered  over  with  this  silt.  They  are 
arranged  in  circles,  with  their  lower  ends 
pointed,  and  their  upper  extremities  connect- 
ed by  horizontal  ties  of  oak. 

Among  the  animal  remains  found  here 
are,  the  lower  jaw  of  an  ox^  with  its  teeth, 
stags*  heads^  the  long  bones  of  some  mam> 
mol  yet  undetermmcd,  and  shells  of  the 
nnio  and  mioikm.  No  traces  of  human 
remains  have  been  found,  though  fragments 
of  pottery  and  charcoal  are  met  with;  also 
two  stone  hatchets. 

lodnstrlil  Occnpatloiis  of  WeDieD«— The 

following  notes  of  avocations  followed  by 
women  in  the  United  Statvs,  taken  from  the 
last  census  retnm,%  give  a  curious  exhibit 
of  the  extent  to  which  woman  is  now  in* 
vading  provinces  of  industry  which  once 
were  supposed  to  belong  exdusirely  to  the 
other  sex :  Agricultural  laborers,  %*ltfiZ% ; 
stock-herders  and  etock-raiaers,  75 ;  archi- 
tect, 1;  auctioneers,  12;  barbers  and  hair- 
dressers, 1,1^9;  clergy,  67;  dentists,  2i ; 
hostlers,  2 ;  hunters  and  trappers,  2 ;  law- 
yers, 6;  livery-stoble  keepers,  1 1  \  mid  wives, 
1,186  ;  physicians  and  surgeons,  A25  ;  scav- 
engers, 2  ;  sculp torsj  4  ;  teachers,  84,047 ; 
w  bite  washers,  391;  bankers  and  brokers^ 
15 ;  barkeepers,  70 ;  boat-banda,  SO ;  canal- 
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bcftt  hADdfl^  10;  drmy-driren,  t^ftnuters, 
etc.,  196 ;  newspaper-carriers,  7 ;  pilot,  1 ; 
imderttkera,  20;  beUfoundery  operatiyes, 
4;  bna^toondera,  1Q2;  brewers,  8;  brick* 
makera,  74-;  eaiTiag&-triin]iiera,  82;  char- 
coal  and  lime  burners,  5 ;  cigar-tnakeis, 
1^844  ;  cIock-mAker^,  75  ;  curriers  and  tan- 
ners, dO ;  dlfltiUeris^  6  ;  eugraverSf  29 ;  fiab- 
erftf  85 ;  gos-worka  emploj^ea,  4 ;  gun  and 
lock^mitba,  33;  printera,  1^495;  ahlngle 
and  Latb  makers,  84;  tinuera,  17;  wood- 
tumenind  carfen,  44. 

GlIiDftg  of  Freeztnj;  en  Wtne  and  Spirits* 

— Some  experiments  oo  tbe  freezing  of 
wines  and  spirits  are  recorded  at  foUowa 
by  &[,  Uelseiis  in  the  CminpU^  Rmdu»  of 
the  French  Academj  of  Sciences,  Brandy 
cooled  io  as  low  as  mmu9  35''  G.  was  pro- 
nounced eiqalsiteif  and  some  connoieseurs 
pronounced  it  all  the  mellower  in  propor- 
tion m  the  temjieratore  was  reduced. 
Aboat  —  30*  C,  alcoholic  Uquora,  eontatn- 
m%  50  per  cent,  of  absolute  aloohol,  become 
Ti^cid^  STnipT,  and  sometimes  opaline.  The 
author  solidified  spirits  (cognac,  rum)  at  -^ 
40**  and  —  50*  C,  and  says  that  if  they  be 
then  taken  as  icea,  or  sherbet,  with  a  spoon, 
it  is  surprising  what  little  Bense  of  cold 
there  ia,  A  spoonful  of  thia  ice  when 
placed  on  the  tongue  appears  to  be  1^8  cold 
than  ordinary  ices,  and  many  persons  who 
have  tasted  such  frozen  cognnc  or  rum 
could  scarcely  brin^  themsdres  to  beUeve 
that  they  had  on  their  tongues  icea  wluch 
might  be  served  on  dishes  of  frozen  mer- 
cury.  In  fact  these  ioes  muat  be  reduced 
to*^  60"  C.  befiire  the  one  who  tastes  tliem 
prououncies  them  "  cold ;  ^^  and  acaroely 
ever  will  any  one  pronounce  them  "  very 
cold."  The  lowest  temperature  at  which 
M.  Mt'lacus  experimented  with  these  frozen 
alcoholic  liqaona  was  —  71*  C,  If  a  con- 
aiderable  quantity  at  that  temperatnre  be 
taken  into  the  mouth,  the  eflTect  is  like  that 
of  a  spoonful  of  soup  a  little  too  hot  In 
this  ca^e  a  wooden  spoon  must  be  employed, 
one  of  metal  producing  a  blister.  Placed 
upon  the  dry  forearm  this  solid  enu  de  vie 
producer  a  sViy^hi  cauttprizution,  without 
burning,  as  would  a  fragment  of  solid  ether 
or  carbonic  acid. 

The  author's  experiments  on  wmes  were 
ondiirttikeu   with  a  view   to  discover  the 


means  of  preserring  them,  Onplach^H 
in  a  vessel  surrounded  with  a  freedng  i 
ture,  they  were  reduced  to  the  oondiciea  «f 
a  mass  of  ice-crystals  permeated  vith  t 
ooloied  fluid.  This  be  transferred  U)  a  *itt 
sieve,  and,  by  agitating  it  there,  eipcM  lh« 
liquid.  The  ice  on  being  melted  wit  iomA 
to  be  tasteless,  with  the  merest  traces  qf 
alcohol.  Thus  the  percentage  of  alcohol 
in  the  wine  when  deprived  of  its  watef  ii 
increased,  and  its  keeping  quality  grettij 
improved.  The  author  suggests  0ecsi&g  m 
a  method  of  improving  the  body  of  tight 
wines,  which  otherwiae  will  not  bear  trans- 
portation,  and  says  that  if  in  France  wine- 
growers  wiU  adopt  the  plan  of  heating  tlieir 
wines  in  order  to  check  tbe  **  distaso  **  t» 
which  ihey  are  fubjeet^  and  of  freetiiic 
them,  so  that  they  may  keep,  the  trade  is 
wme  win  be  rendered  far  Ices  fluctuii!Ei( 
than  it  now  Is.  It  win  be  pomible  to  kee|i 
on  hand  a  large  quantity  of  wine,  so  a*  to 
offset  the  effects  of  bad  bArrests, 


What  IHinrfiln  aeau.— From  our  t^ 
teemed  contemporary,  tbe  Lemg^  of  Cbicsgi^ 
we  take  the  following  correction  c(  convfll 
misapprehensions  as  to  the  true  meaning  tf 
Darwinism ;  "  Prof.  Edward  &  Mof»c"  *»/» 
the  Ztfiit,  "delivered,  early  in  Ibrr*'  " ' 
lectures  in  Chicago,  the  one  with  < 
*Froffl  Monad  to  Man,^  the  otlier  vn  l><> 
iution.'  In  the  lecture  on  ^fivohitteo '  VtoL 
Morse  makes  two  statenaili  veitJbj  «f 
special  note.  In  the  one  he  alleges  tbii  t^ 
prejudice  against  Darwin,  and  tb<  rtdlcaV 
BO  freely  expended  upon  bim,  are  ImttA  a> 
an  endre  miaapprehension.  Dorvia  Im 
never  taught  that  man  is  a  developmtft 
from  a  monkey,  w  from  any  lower  spe^ 
Nor  is  there  any  thing  in  his  pbiloaopkj  fhsi 
even  admits  of  inference  to  this  efTeet  Bt 
simply  teaches,  or  suggests  the  probsbQ^fi 
that  man  or  nsonkey  la  simply  *etdvnl' 
from  a  lower  baala  of  life.  Tbe  lefinl 
Btreama,  all  atarting  from  one  aoarci,  ii 
they  branch — the  one  goca  to  tha  oosk^t 
and  there  stops ;  and  the  other  to  lasik  oA 
there  stops.  It  ii  nol  Danrfaibm  tkit  Mi 
himself,  or  the  monkey  Iteeli;  ahaU  U^^ 
till  there  ia  deTdopfMBl  imo 
higher  and  dlffhrent  Thee 
was  to  the  efllect  that  ioieDoe  imk  ^ 
phenomeoa,  not  with  tbe  inletKcMt  t 
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\  notcfl  and  definee  law ;  has  notbing  to  do 
itli  th«  creator  of  the  Uwa.  Science^ 
bereibref  cannot  take  the  place  of  roligioi]. 
kod  whea  tbe  man  of  science  passes  from 
law  to  the  author  of  kw»  be  drops  the 
'  cliaracter  of  scientist  and  assumes  to  teach 
reli^on.  The  scientiist  id  not,  tliereforUj 
o«i]J3 arable  for  restricting  himself  e s elusive- 
I7  to  the  phenomena^  making  no  reference 
to  the  power  Ijing  behind  phenoinena.^^ 

A  Hiirdlllg  Bird. — A  writer  in  Mavfl 
wicte  has  dLi  cove  red  in  the  Quthatchj  or  tint- 
p^ker,  the  habit  of  Ujiug  up  in  its  bar- 
▼«st-«eason  a  store  of  nuts  for  a  winter  pro- 
vision, a  characteristic  K'bich  bas  been 
hitherto  ob^eiredf  as  the  writer  remarks,  in 
no  other  birds  save  tome  individuals  of  the 
Carotly  Corvida,  One  day  last  Scpteiuber 
ft  nuthatch  was  seen  to  light  upon  a  pota- 
to^biUf  and  there  to  drop  something^  which 
it  drore  Into  the  earth  with  repeated  taps 
of  itA  beak.  On  investigation  a  nut  was 
discovered  there,  and  soon  after  six  other 
nnts  were  found  buried  in  close  proximiij 
to  it.  A^in,  so  late  as  November  Hi^  tbe 
Banae  bird  was  seen  to  bury  a  nut  In  a  flow. 
er-be<l^  and^  in  the  depth  of  winter,  if 
watched,  be  wili  be  found  to  visit  frequently 
his  hoards,  taking  with  him,  from  time  to 
timi\  so  much  as  he  needs  for  his  pretent 
wants. 

Aidfidal  BegptrittoD  In  Sijike-Pobon. 
Ingi.^ — The  publication  of  Dr,  Fayrer's  work 
on  ihe  TfuincUopKidia  of  India  has  led  to 
ft  rery  active  investigation  of  the  suljject 
of  snake^poisoning.  The  author  himself 
has  made  several  experiments  on  the  effi- 
cuey  of  artificial  respiration  as  a  means  of 
ooimterftcting  the  venom.  In  one  of  these 
lie  kept  the  heart  beating  for  nine  hours 
after  the  development  of  fatal  symptOEnt. 
The  heart  then  failed  only  from  imperfect 
respiration  carried  on  in  the  cold.  If  there 
i«  an  analogy,  as  I>r.  Fayrer  supposes,  be- 
tween snake-venom  and  curare,  there  is 
enrarj  reason  to  expect  that  the  remedy 
(respiration)  which  is  effectual  In  aiitngo- 
ni2ing  the  latter  will  be  ei|ually  effectual 
o^ainst  the  former. 

Dr,  Bichards,  of  Bala»ore,  thus  dt' tails 
an  eapei-imcnt,  made  by  himself,  where  the 
h«art*i  action  was  kept  up  for  21  hours  and 
*  This  is,  perltapSj  the  most 


remarkable  case  of  its  kind  on  record.  The 
dog  was^  to  all  appearanee.^^^  dead  when  the 
artiiicial  respiration  was  commenced  Two 
hours  and  a  half  later  convubive  movements 
were  excited  by  ihe  application  of  the  gnl- 
vanic  current,  but  at  seven  o*clock  ihere  waa 
no  response,  and  tbe  body  of  the  dog  was 
cold*  At  this  time  the  eyes  presented  a 
glazed  appearance,  being  perfectly  dry.  The 
pupils  were  dilated,  and  the  heart  was  beat- 
ing feebly.  Had  artificial  respiration  been 
now  stopped  tbe  heart  would  have  ceased 
to  beat  almost  at  oncc.*^ 

At  noon  the  next  day  the  dog  appeared 
as  if  it  would  recover.  '*  The  eyes  had  lost 
the  glazed  appearance,,  lachrvmation  was 
restored^  and  there  were  winking  of  the  lids 
on  dropping  water  into  the  eye,  attempts  at 
dcglotitioQ  when  water  was  put  into  the 
mouth,  and  ihe  heart  was  beatuig  vigor* 
ously.*^ 

As  artificial  respiration  must  be  kept  up 
for  hours,  or  even  for  days,  Dr.  Fuyrer  reo- 
oromendB  the  use  of  a  speeiut  apparatus 
for  this  purpose,  to  be  worked  by  steam. 


NOTES. 

OsE  of  the  chief  attractions  cff  this  year's 
IntematioTial  Etbibition  in  London  i^  Mr. 
Buckmaater^B  School  of  Cookery,  where  lect- 
ures are  given  twice  a  day  on  cuHnary  pro- 
cesacs,  fully  illustrated  by  practical  experi- 
ments. It  is  futind  impossiblt:,  with  the 
pre^seiit  arrangements,  to  aceoniTnodiite  all 
who  apply  for  admissiou  to  the  lectures. 
Special  attention  \i  given  to  the  bcft  modes 
of  preparing  canned  meat,  a  valuable  food- 
stufl*,  against  which  Britonp  have  VLTy  ationg 
pTejudices.  There  i.s  certainly  room  for  im- 
provement in  the  popular  culinary  pro- 
cesses in  vogue  the  world  over,  but  no- 
where perhaps  is  this  improvement  more 
needed  than  in  Englir*h  speakiuj;;  counlries. 
We  waste  an  enormous  nmour.t  of  good  pro- 
visions. 

Tine  sound  of  the  salutes  fired  by  the 
British  iron-clad  fleet  at  S^pitlicnd  on  Mon* 
dtty,  June  2^d,  in  honor  of  the  Shah's 
visit,  was  heard  at  Tedfttoiit!,  Worcester- 
shire, distant  from  Spithead  100  liiiles,  A 
correspondent  of  tbe  Times ^  writing  from 
Tedfltonc  on  the  23d,  eaya  :  **  We  have  all 
beard  a  long  continuous  series  of  sounds, 
shaking  the  windows  on  the  8onth  side  of 
the  house,  and  resembling  exactly  the  efleot 
of  a  distant  salute.  My  gardener  statee 
that  he  heard  similar  soundi^  betweaa  11 
and  12.     My  house  is  on  a  hi  1\  from  400  to 
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600  feol  Above  fteo-lerel  Oa  referring  to 
the  TtmM  of  SAturdny,  with  to-day 'a  pro- 
gfuiime,  I  find  thftt  the  time  (2,15)  may 
comclde  vritli  oqo  of  the  goner&t  salutGn  at 
Spilhe&d,  though  at  tbLi  distance  it  seemt 
almost  impaBflible  that  the  ribration  »botild 
be  fell  We  are  familiar  with  the  gouod 
of  aalutes,  from  frequent  summer  visits  to 
Stoke's  Bay.  I  send  the  facta  for  what  tbej 
tnaj  turn  out  to  be  worth.'* 

Ik  ooimectioii  with  the  shorteat  railway 
route  to  India^  via  the  FerBian  Gulf,  an  En^- 
Uflhman,  resident  in  Dmmaacua,  suggesta  as 
worthy  of  consideration  Iho  ancient  Roman 
caoaeway,  which,  it  ia  said,  exiata,  in  an  al- 
most perfect  9tate,  from  Bozmb  id  the  Oau- 
ran,  to  Bas^orah  on  the  Persian  Gulf,  The 
roadatead  of  Acre  might  easily  be  formed 
Into  •  good  portf  to  serve  as  the  Mediterra- 

I  tfinninus  of  the  road. 


PftOF.  FERaiiR  has  obtained  a  gTAQt 
fnm.  the  Royal  Society  of  London,  which 
wUl  enable  him  to  pursue  his  studies  on 
monkeys.  He  has  already  made  some  prog- 
teas  in  thcae  rciiearches,  as  may  be  seen 
from  the  following  passage  taken  from  a 
letter  written  by  Dr.  Lauder-Brunton  to  the 
editor  of  the  Pkiladtlpkia  Medkal  Tim&i. 
''Already  his  experiments  on  hijj  Simian 
cousins  have  commenced,**  writes  Dr.  Brun- 
ton,  '*and  the  results  are  most  satisfactory. 
He  can  make  an  animal  follow  his  command 
by  simply  touching  different  parts  of  the 
brain,  by  the  electrode,  and  *  eyes  right,' 
*  eyes  left,'  *  cyea  open,'  *  eyes  shut,'  *  mouth 
open,'  *  mouth  shut,'  *  tongue  out,*  *  tongue 
in,*  etc.,  follow  as  certainly  as  the  machinery 
of  a  London  pt-uny  steamer  follows  the 
commanda,  '  t^ase  her,'  *  stop  her,'  '  back 
her.'  *'  Whereupon  the  Medical  TirnfJt  ob- 
aerrea  that  **  it  certainly  looks  squally  for 
Prot  Brown-S^quftrd'a  theory  of  the  origin 
of  brain-symptoms," 

According  to  the  ScwUific  AmerK^tt^  a 
Catiadinn  inventor  has  originated  a  method 
of  producing  from  the  milk-weed,  or  other 
plants  of  the  fienus  Atclepim^  as  also  from 
flax  and  other  seed?,  a  gum  designed  to 
serve  as  a  substitute  for  India-rubber.  The 
substances  are  macerated  and  fermented, 
and  the  liquid  is  then  reduced,  by  evapora- 
tion, to  a  thiok,  gummy  mas?,  possessed  of 
many  of  the  valuable  qualities  of  rubber. 

An  "Acclimatization  Society,'*  for  the 
introduction  of  singiog-birdfl,  as  also  of 
birds  fierviceable  to  the  gardener  and  farmer, 
has  been  founded  In  Clocini^ati.  During 
the  past  spring  theejcpenditureof  the  society 
amounted  to  $5,000,  and  fifteen  European 
species  of  birds  were  introduced.  The  sky* 
lark  is  already  acclimated  at  Cincinnati, 
and  in  the  coimtry  arotind  the  summer  air 
is  vocal  with  hi^  cheerful  song. 


Tmou  a  mieroecopical  ex«tnii»atioD  of  th« 
blood  of  148  lunatics,  bj  Dr.  H-  SutherUud, 
of  London,  it  appears  that  the  blood  in  the 
insane  genermlly  contains  an  excesi  of  the 
white  corpuscles,  and  that  its  red  eorposdei 
frequently  show  do  tendency^  to  anaiigs 
themselves  in  rouleaujE.  The  coexistenos 
of  these  two  abnormal  characters  m  the 
blood  indicates,  according  to  Dr.  Sutberlaod, 
a  very  low  degree  of  vitality.  In  ten  men, 
enfBsring  fpom  general  paralysia,  whost 
blood  was  found  to  exhibit  one  or  othar  or 
both  of  thCAe  conditions,  fire  died  within 
three  montha  after  their  blood  was  exani- 
ined, 

NoTwiTHSTAJiDmo  that  during  the  past 
few  years  great  efforts  have  been  made  both 
here  and  in  England  to  put  a  stop  to  cooi- 
merctal  franda  and  adulterationa,  the  enJ 
stilt  contmucfl  almoei  undiminiihed.  For 
instance,  it  is  eatimatod  that  Uie  milk 
vended  in  English  towna  it  imporerished 
to  the  extent  of  at  least  25  pef  cguU  on  ih§ 
average;  in  some  cases  the  impoTefiik- 
ment  amounts  to  as  much  as  90  per  eeni 
But  the  roost  gkring  fraud  of  this  kind  oa 
record  was  recently  perpetrated  io  Ireland. 
Two  mi'lk-dealeri  were  arrested  in  Dablin 
and  convicted  of  selling  milk  cootalniQ^  in 
the  one  case,  60^  and  in  the  other  1i  pe( 
cent,  of  water, 

HcsR  KiiCEft  has  rcceotly  found  on  apr^ 
cipitous  rock  near  the  island  of  Capri  tae^ 
Bpeeiea  of  lizard.  It  U  bine  all  oTer,  «idi 
dark  spots  on  the  back,  while  all  the  litardi 
in  Cnpri  are  of  a  bright  green,  with  odya 
little  blue  at  the  extrcmitica.  The  rt>ck  if 
destitute  of  vegetation,  and  of  a  blue  color. 
When  at  rest  the  lliard  is  hardly  vifitbk;, 
its  color  being  so  like  that  of  the  rocL  The 
rock,  which  h  frequented  by  birds  of  pity, 
was  at  one  time  connected  with  Capri,  sM 
the  bine  lizards  are  supposed  by  Hcrr  Einer 
to  be  descended  from  the  green,  but  tfaU' 
formed  by  natural  selection  to  blue 

'*  A  Const A.VT  Rxajunt"  wtabea  to  kBOV 
how  to  pronounce  the  name  of  Ihtt  aiflJMr 
of ''  Physics  and  PoliUcs,"  ICr.  Walter  Bi|Be- 
hot  We  gave  the  pronunciation  of  tiw 
name  in  a  notice  of  the  book  in  the  Mn' 
ary  number.  It  is  not  Bag-hot,  or  Bsg-«l^o^ 
but  Bi^'-ote,  the  a  being  sounded  sa  is 

M.  Meboiet,  of  the  Paris  Academy  oT 
Sciences,  has  solved  the  problem  of  pw- 
ducmg  indelible  photographic  proofi-  fi« 
employs  for  this  purpose  salta  of  pliiiBun* 
palladium,  and  iridium,  reducing  them  vtth 
vapors  of  mercury,  iodine,  and  hydrojgdi 
The  proof  so  obtained  ia  absohitely  u^r* 
able,  no  matter  how  long  it  may  be  kept*  ■> 
it  oontains  do  substance  which  can  h«  i>^ 
footed  by  light. 
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SILK-WOEMS  AND   SERICULTURE/ 
Bt  a.  de  quateefages. 

TSAltflLATZD    BT    TLlZk    A.    TOUMAIVB. 

EN^TLEMEN' ;  When   your  hoiH>niljle   director    invited  me   to 

speak  before  you,  I  felt  much   embarrassed.     I  desired  both  to 

tere^t  and  instruct  you,  but  the  subjects  with  which  I  am  occupied 

re  of  too  abstract  a  nature  to  ofier  you  much  interest.     In  entering 

upon  them  I  run  the  risk  of  tiring  you,  and,  as  people  who  are  tired 

e  little  instructed,  my  aim  would  be  doubly  missed. 

However,  among  the  animals  I  have  8tu<lied,  there  h  one  which,  I 
ink,  will  awaken  your  attention.    I  mean  the  silk-worm.    Its  history 
full  of  serioua  inetruetion.     It  teaches  us  not  to  despif^e  a  being  be- 
aae,   at  first,    it  seema  useless ;   it    proves   that   creatures,   in   ap- 
arance  the  most  humble,  may  play  a  part  of  great  importance  to  the 
J  it  shows  us  that  the  most  useful  things  are  often  slow  to  attract 
ic  attention,  but  that  sooner  or  later  their  day  of  justice  arrives. 
It  teaches  us,  consequently,  not   to  despair  when  valuable  ideas  or 
ractical  inventions  are  not  at  first  welcomed  as  they  should  be,  for, 
ougU  their  triumph  is  delayed,  it  is  not  less  sure. 

Perhaps,  also,  in  choosing  this  subject,  I  have  yielded  a  little  to 

tional  egotism.     1  was  horn  in  that  province  which  was  the  iirst  in 

'ranee  to  understand  tlie  importance  of  the  silk-worm  ;  which  owes  to 

is  industry,  fertilized  by  study  and  management,  a  prosperity  rarely 

ualled,  and  which,  of  late  cruelly  smitten,  hears  its  misfortunes  with 

a  firmness  worthy  of  imitation. 

We  ate  to  speak,  then,  of  industry,  of  studious  care,  of  j>erseverance, 
of  courage;  1  am  certain  that  you  will  he  interested. 

Pemtt  me,  at  first,  to  make  a  suppfjsition — what  we  call  an  hypoth- 
what  would  you  say  if  a  tniveller,  coming  from  some  distant 
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conn  try,  or  a  pliilosopher,  who  had  found  in  some  old  book  forgotten 
facts,  should  toll  you,  **  There  exists,  in  a  country  three  or  four  thuii' 
sand  leagues  from  hero,  in  the  south  of  Ajsia,  a  tree  and  a  caterpillar. 
The  tree  produces  nothing  but  leaves  which  nourish  the  caterpilhir.** 
To  a  certainty,  most  of  you  would  say  at  lirst,  **  What  of  it?" 

If  the  traveller  or  the  man  of  learning  should  go  on  to  say  :  *'  But 
this  caterpillar  is  good  for  something  ;  it  proiluGea  a  species  of  eoeoorj, 
which  the  inhabilauts  know  how  to  spin,  and  which  they  weave  into 
beautiful  and  durable  fabrics.  Would  you  not  like  to  enter  upon  the 
iiianufacture?**  You  would  infallibly  reply;  **  Have  we  not  wool 
from  w^iich  to  weave  onr  winter  vestments,  and  hemp,  flax,  and  coHod, 
for  our  summer  clothing?  Why  should  we  cultivate  tbi^  caterpilhir 
and  its  cocoons  ?  " 

But  suppose  that  the  traveller  or  philosopher,  insisting^  should  addt 
*^  We  should  have  to  acclimate  this  tree  and  this  caterpillar.  The 
tree,  it  is  true,  bears  no  fruit,  and  we  must  plant  thousands  of  them, 
for  their  leaves  are  to  nourish  the  caterpillar,  and  it  is  necessary'  to 
raise  these  caterpillars  by  the  millions.  To  this  end  we  must  build 
houses  expressly  for  them,  enlist  and  pay  men  to  take  care  of  them— 
to  feed  them,  watch  them,  and  gather  by  hand  the  leaves  on  which 
they  live.  The  rooms  where  theBc  insects  are  kept  must  be  warmed 
and  ventilated  with  the  greatest  care.  Well-paid  laborers  will  pre 
pare  and  serve  their  repasts,  at  regular  hours.  When  the  rooraent 
arrives  for  the  animal  to  spin  his  cocoon,  he  must  l)^ve  a  sort  of  bowtr 
of  heather  (Fig.  1),  or  branches  of  some  other  kind,  properly  prepred 
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And  then,  at  the  last  day  of  its  life,  w^e  must,  with  the  minutest  care 

and  the  greaiest  pains,  assure  its  reprofluction."  Would  you  not 
shrug  your  shoulders  and  say,  **  Who,  then,  is  such  a  madman  as  to 
spend  so  much  trare  and  money  to  raise — what  ? — some  cat-erpillars T 

Finally,  if  your  interlocutor  should  add^ — "  We  will  gatli       ' 
coons  (*pmi  by  these  caterpillars,  and  then  the  manufacture  v. 
them  will  arise,  which  will  call  out  all  the  resources  of  mechaiitcs- 
Still  another  new   industry  would  employ  this  thread  in  fehricaiing 
stuffs.     Tlie  vahie  of  this  tliread,  of  these  tissues,  would  be  countid  lif 
hundreds  of  millions  for  France  alone;  niillions  that  would  btfoefo 
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agriculture,  iadiiatry,  commerce ;  the  producer  and  the  artisan,  the 
laborer  in  the  fields,  and  the  laborer  in  towns.  Our  caterpillar  and 
its  products  will  4ind  a  place  in  the  elaborate  treatises  of  states- 
men; and  a  time  will  come  when  France  will  think  hersL4f  happy 
that  the  sovereign  of  a  ditstant  empire,  some  four  thousaud  leagues 
away,  had  been  pleased  to  permit  her  to  buy  in  his  siaiee,  and  pay 
very  dear  for,  the  eggs  of  this  caterpillar " — you  woyld  abruptly 
tum  your  back  and  say,  **Thi8  man  is  a  foot"  And  yon  would 
not  be  alone:  agriculturists,  manufacturers,  bankers,  and  oflicialfi, 
ootild  not  find  sarcasms  enough  for  this  poor  dreamer. 

And  yet  it  is  the  dreamer  who  is  in  tbe  right.  He  has  not 
traced  a  picture  of  fancy.  The  caterpillar  exists,  and  I  do  not  ex- 
aggerate the  importance  of  tlds  humble  insect,  which  plays  a  part 
ao  superior  to  what  seemed  to  have  fallen  to  it.  It  is  this  of  which 
I  wish  to  give  you  the  history. 

Let  us  first  rapidly  observe  this  animal,  within  and  without.  We 
call  it  a  eilk-worm,  but  I  have  told  you  it  was  a  caterpillar.  (Fig.  7.) 
I  add  that  it  has  nothing  marked  in  its  appearance*  It  is  larger 
than  the  caterpillars  that  habitually  prey  upon  our  fruit-trees,  but 
smaller  than  the  magnificent  pearl-blue  caterpillar  so  easy  to  find  in 
the  potato-field.  Like  all  caterpillars^  it  is  is  transformtrd  into  a  but- 
terfly. To  know  the  histoiy  of  this  species  is  tu  know  the  history  of 
all  others. 

Here  in  these  bottles  are  some  adult  silk-worms,  but  here  also 
are  some  large  pictures,  ivhere  you  will  more  easily  follow  the  de- 
tails that  I  shall  point  out,  beginning  with  the  exterior. 

At  one  of  the  extremities  of  its  long,  almost  cylindrical  body 
(Fig.  7),  we  find  the  small  head,  provided  with  two  jaws.  These  jaws 
do  not  move  up  and  down,  as  in  man  and  most  animals  that  Burround 
us,  but  laterally.     All  insects  present  the  same  arrangements 

The  body  is  divided  into  rings,  and  you  see  some  little  black  points 
placed  on  the  side  of  each  of  these  rings ;  these  are  tbe  orifices  of  res- 
piration. The  air  enters  by  these  openings,  and  penetrates  the  c-anals 
that  we  shall  presently  find. 

Tbe  silk-w*orm  has  ten  pairs  of  feet.  The  three  fii'st  pairs  are 
called  the  truefeet^  or  scaly  fett  ;  the  ^\%  last,  placed  behind,  are  the 
false  feet ^  or  the  membranous  feet  These  are  destined  to  disappear 
at  length. 

Let  us  pass  to  the  interior  of  the  body.  Here  we  find,  at  first,  tbe 
digestive  tiibe^  which  extends  from  one  extremity  to  the  other.  It 
coTomences  at  the  (pnophagus^  that  which  you  call  the  throat.  Below 
you  remark  an  enormous  cylindrical  sac ;  it  is  the  stomachy  which  is 
followed  by  the  very  short  intestine.  These  canals,  slender  and  tor- 
tuous, placed  on  the  side,  represent,  at  the  same  time,  the  liver  and 
kidneys  This  great  yellow  cord  is  the  very  important  organ  in  which 
i#  #ecf eted  the  silky  material  (Fig,  2).     In  proportion  as  the  animal 
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grows,  this  organ  is  filled  with  a  liquid  which,  in  passing  throngii 
the  spinners,  the  orifice  of  which  you  see,  dries  in  the  air,  and  foniu 
a  thread.     This  thread  constitutes  the  silk* 

The  nervous  st/stetn  of  tho  animal,  placed  below  the  digestive  tttb«, 
is  with  insects,  as  with  all  animals,  of  the  highest  importance.  It  is 
the  nervous  syBtem  which  seems  to  animate  all  the  other  orgaus,  and 
particularly  the  muscles.  The  latter  are  what  we  call  flesh  or  meit* 
They  are  in  reality  the  organs  of  movement,  with  our  caterpillar  is 
with  man  himself.  Each  of  them  is  formed  of  elementary  fibres  tbat 
have  the  property  of  contracting  and  relaxing;  that  is  to  say,  of 
shorteoing  and  lengthening  under  the  influence  of  the  will  and  of  th^ 
nervous  system.  Upon  this  property  depend  all  the  movements  eie- 
ciited  by  any  animal  whatever, 

Fio.  i. 


SoJC-aiCRKTtKo  ApFAiuTU*  OF  OiTE  fliD*  OF  A  SiLK-woBJf ,    A,  B,  C,  th«  |Mir1  n<Mi«#t  the  UtI  t4 

the  wonx].w|ierc  the  ft1lk-nuitt€r  ts  formed.  D,  E,  enlnrired  portion — re»ervcilr  of  flUty iiutt*t 
Et  F.  rapilUnr  tobee  prw^ecfUnij  fh)m  the  two  fflaDcliH,  ami  utiUing  Id  one  ^IntrU'  short  ouialF. 
which  opeoi  In  the  mouth  of  the  worm,  ot  Itt*  luider  lip.  Two  tfUk  thread*  »n*  thertfon 
united  CogeUier,  fcod  oome  out  thraug:h  ihe  otiflce  with  the  appearance  of  ii  tingle  ihtttd. 

I  %vish  you  to  remark,  ^  propos  of  the  cater[)illar — of  this  iirs^'t 
that  when  crushed  seems  to  be  only  a  formless  pulp— that  its  muscular 
system  is  admirably  organized.  It  is  superior  to  that  of  man  hims^iii 
at  least,  in  relation  to  the  multiplicity  of  organs»  We  count  in  man 
529  muscles;  the  caterpillar  has  1,647,  without  counting  those  of  tb« 
feet  and  head,  which  give  1,118  more. 

In  us,  as  in  most  animals,  there  exists  a  nourishing  liquid  p<ir^ 
ceUenee  that  we  know  under  the  name  of  ^hod.  This  liquid,  set  in  om^ 
tion  by  a  hearf^  is  carried  into  all  parts  of  the  body  by  orUriu^ 
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back  t^  the  heart  by  veins.    In  making  this  circuit  it  finds  on 
ouie  the  lungs  filled  with  air  by  means  of  respiration* 

our  caterpillar  we  also  find  blood  and  a  species  of  heart,  but  it 

peither  arteries  nor  veins.     The  blood  is  ditfused  thronghont  the 

f  and  bathes  the  organs  in  all  directions.     However,  it  ought  to 

ire.     Here  step  in  the  openings  of  which  I  have  spoken.     They 

to  a  system  of  ramified   canals,  of  which  the  last  divisions  pene- 

I  everywhere,  and  carry  everywhere  the  air — that  finid  essential 

istenee  of  all  living  beings.     In  our  bodies  the  air  and  blood 

ight  together.     In  insects  the  air  seeks  the  blood  in  all  parts 

ifti-e  sketched  for  you  a  caterpillar  when  it  is  full  grown.     But 
well  know  that   living  beings  are  not  born  in  this  state.     The 
ITdil  law  is,  small   at   birth,  growth,  and  death.     The  caterpillar 
through  all  these  phases. 


Fia.  3. 


Fm.  4. 


\  FiiiiT  AoE,  (BiUnR  fife  days.    (An 
1 1«  the  liiterv&l  betweeu  Lwo  muultlaj^^.) 


8iooTrD  Agc.  laeting  pIx  dayi« 


\  pass  around  among  you  some  samples  of  what  we  call  seed^s  of 
Hik^worm,  These  so-called  seeds  are  in  reality  eggs.  The  cater- 
er comes  out  of  the  egg  very  small;  its  length  at  birth  is  about 
twentieth  of  an  inch.    Look  at  these  samples,  and  you  will  see  how 


Fio.  d. 


Fqubtb  Aox,  iatilng  elx  dA^s. 


1 4&0B,  liitJnit  Qioe  diji.    Tbe  matur?  worm  rrar  th^  ood  of  lU  career,  ftnd  At  the  tf  m6  of 
Ite  i^rcaLoHt  Tomdtjr« 


IS  the  difference  of  size  between  the  worm  at  birth  and  th^  fnll- 

fpecimens  I  have  shown  you.     This  diflference  is  much  greater 

man.    A  man  weighs  about  forty  times  as  much  as  the  new* 
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born  infant;  the  caterpillar,  when  perfectly  developed,  is  72,Oon  time? 
hearier  than  when  it  ^rst  eamc  from  the  eg%. 

In  every  thing  that  relateg  to  the  body,  there  is  between  men  and 
animals  more  resemblance  than  is  ordinarily  l>eHeved,  We  also  come 
from  an  egg  which  essentially  resembles  all  others.  That  this  egg 
may  bec^jme  a  man,  it  must  undergo  very  great  changes,  many  meti- 
niorphoses.  But  all  these  changes^  all  these  metamorphoses  occur  m 
the  bosom  oflhe  mother,  as  they  are  accomplished  within  the  shell  for 
the  chicken.  For  insects  in  general,  and  consequently  for  the  silk-wonn, 
a  part  of  these  metamorphoses  occur  in  the  open  day.  Hence  they 
have  drawn  the  attention,  excited  the  curiosity,  and  provoked  for  a 
long  time  the  study  of  naturalists.    Let  us  say  a  few  words  about  them. 

Scarcely  is  the  caterpillar  born  than  it  begins  to  eat*  It  has  no 
time  to  lose  in  gaining  a  volume  72,000  times  greater  than  it  had  at 
first;  so  it  acquits  itself  conscientiously  of  its  task,  and  does  nothing 
but  eat^  digest,  and  sleep*  At  the  end  of  some  days  this  devoariug 
appetite  ceases ;  the  little  worm  becomes  almost  motionless,  htnp 
itself  by  the  hind-feet^  raising  and  holding  a  little  inclined  tlie  ante- 
rior of  its  body. 

This  repose  lasts  24,  36,  and  even  48  hours,  according  to  the  tem* 
perature ;  then  the  dried-up  skin  splits  open  behind  the  head,  and 
Boon  along  the  length  of  the  body.  The  caterpillar  comes  oat  with  i 
new  skin,  which  is  formed  during  this  sjwcies  of  sleep. 

This  singular  crisis,  during  wliieh  the  animal  Changes  his  skints 
we  change  our  shirt,  b  called  montting^  when  it  is  a  question  of  cate^ 
pilhirs  in  general  For  the  silk-worm,  we  designate  it  under  tlie  »am<? 
of  ftckness.  It  is,  in  fact,  for  the  silk-worm,  a  grave  period,  during 
which  it  often  succnmbs,  if  its  health  is  not  perft'<t. 


Tio.  8. 


Fio,  9, 


•wollcD,  aqd  ekla  wrinkled. 


Ftoitnoir  or  ^ri-K  wi^Rm  wkih  ll<wtn»*-a 
muttin*  at  rent  for  Ttnm  it  to  »i  l>Oif»,«J 
In;,  l>iU  b*«^nft  to  <«l  an  hant  ftJUr  Hit  ciimi 
U  whicb  li  etcs|ici  from  Uie  old  aidii* 


The  silk-worms  change  their  skin  four  times.  After  the  fourtli 
moulting  comes  a  redt>ubled  appetite,  which  permits  them  to  altera 
their  ftill  !*ize  in  a  few  day^.  Then  other  phenomena  appear.  The 
caterpillar  ceases  to  eat,  and  empties  itself  entirely;  it  seems  um'Sn, 
wanders  here  and  tliere,  and  sleeks  to  climb,     Warned  by  *  ^f^ 

toma,  the  breeder  constructs  for  it  with  branches  a  cradle  or  ^ 
which  it  mounts.    It  chooses  a  convenient  place,  hangs  itself  by  lh*Hin4 
feet,  and  eoon^  through  the  spinner  of  which  I  have  spoken  (Fig.  Sji 
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we  gee  come  out  a  thread  of  sUk,  Tbis  is  at  first  cast  out  in  any  dt- 
rectiott,  and  forms  a  collection  uf  cords  dcstiiit'd  to  fix  the  cocoon  that 
U  to  bo  spun.  Soon  the  work  becomes  reguJar,  and  the  form  of  the 
eoooon  is  outlined.  For  some  hours  we  can  see  the  worker  performing 
his  task  across  tlie  transparent  gauze  with  which  be  surrounds  him- 
self. By  littte  and  little,  this  gauze  tMckens,  and  grow«  opaque  and 
tii*m;  finally  it  becomes  a  cocoon  like  these  I  place  before  you.  At 
the  end  of  aboat  72  hours  the  w  ork  is  done. 

Once  it  has  given  out  its  first  bit  of  silk^  u  worm  in  good  health 
ftever  stops,  and  the  thread  continues  witbont  interruption  from  one 
end  to  the  other.  You  see  that  the  cocaou  is  in  reality  a  ball  wound 
from  the  outside  inward.  The  thread  which  forms  this  ball  is  II  miles 
in  length ;  its  thickness  is  only  ^^i^-j  of  an  inch.  It  is  so  light  that  28 
miles  of  it  weigh  only  15 J  grains.  So  that  2^  lbs.  of  silk  is  more 
than  2,700  miles  long. 

Let  me  insist  a  moment  on  the  prodigious  activity  of  the  silk-worm 

hile  weaving  Ids  cocoon.     To  dispose  of  itSisilk  when  spinning,  it 

moves  its  head  in  all  directions,  and  each  movement  is  about  one-sixth 

of  an  inch.     As  we  know  the  length  of  the  thread,  we  can  calculate 

fow  many  movements  arc  made  in  disposing  of  the  silk  in  72  hours. 
Pe  find  in  this  way  that  a  silk-worra  makes  nearly  300,000  motions 
I  24  hourfi,  or  4,1013  an  hour,  or  69  per  minute.  You  see  that  our  in- 
?ct  yields  nut  in  activity  to  any  weaver ;  but  we  must  add  that  it  is 
eaten  by  the  marvellous  machines  that  the  industry  of  our  day  has 
reduced. 
Fio.  10.  Fio.  11, 


f 

i 

I 

I     thi 


firflKfUCAL  CooooN  or  Boxbtx  Morl. 


Cocoon  dhawn  ts  toward  mx  liiDOUC. 


All  cocoons  are  not  alike.  There  exist,  in  fact,  different  races  of 
ilk-worms,  us  we  have  different  races  of  dogs.     These  diiTerences  are 

\  obvious  in  the  aniraab  themselves  ;  they  are  best  seen  in  the  co- 
s,  whicji  may  be  either  w^hite,  yellow,  green,  or  gray ;  some  are 
(>iuid,  others  oval  or  depressed  in  the  middle  (Figs.  10  and  11). 
lie  silk  of  one  is  very  fine  and  very  strong,  that  of  others  is  coarse 
cid  easily  broken.     Hence  their  very  different  values. 

All  I  have  naid  applies  to  the  silk- worm  jiroperly  so  called — to  the 
ilk- worm  w^hich  feeds  on  the  knives  of  the  mulberry -tree,  the  Bonibijx 

ri  of  naturalists.  But,  some  years  since,  there  w^ere  introduced 
^io    Frances  new  species  of   caterpillars  that  produce  cocoons,  and 
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that  live  upon  other  leaves  than  the  mulberry*  Among  these  new  im- 
portations, the  two  pritjcipal  ones  are  the  yama-tnal  wonn,  whidi 
comeB  from  Japan,  and  feeds  upon  the  leaves  of  the  oak,  and  the 
ailanthus  worm.  The  tirst  gives  a  very  beautiful  and  very  toe  fiilk^ 
while  that  of  the  second  is  dull  and  coarse.  But  the  ailanthus  growi 
very  well  in  unprqduetive  soils,  and  hence  the  caterpillar  which  il 
Dourlshea  renders  an  important  service. 

But  let  us  return  to  our  mulberry  caterpillar,  or  the  si  Ik- worm 
properly  so  called.  We  left  it  at  the  moment  when  it  disappeared 
irom  our  eyes  enveloped  in  its  cocoon.  Tbere,  in  its  mysterious  i^ 
treats,  it  becomes  torpid  once  more.  It  now  shortens  itself,  ehangeft 
form,  and  submits  to  a  fifth  moulting.  But  the  animal  w^hieh  emerge! 
from  the  old  skin  is  no  longer  a  caterpillar.  It  is  in  some  sort  a  new 
being  J  it  is  wliat  we  call  a  chrysalU,  This  chrysalis  scarcidy  retniiiclft 
na  of  the  silk-worm.  The  body  is  entirely  swaddled  ;  we  no  longer 
see  either  head  or  feet  (Fig.  14)v  The  color  is  changed,  and  hm  be- 
come a  golden  yellow.  Only  by  certain  obscure  mo vcmeu is  of  tbe 
posterior  part  do  we  know  that  it  is  not  a  dead  body. 

This  apparent  torpor  in  reality  conceals  a  strange  activity  in  all 
the  organs  and  all  the  tissues,  which  ends  in  the  transformation  of  the 
entire  being. 

In  fifteen  or  seventeen  days,  according  to  the  temperatufe,  ihb 
work  is  accomplished,  and  the  last  crisis  arrives.     The  skin  split*  on 
the  back;  the  animal  moults  for  the  last  time,  but  the  en 
now  apjvears  is  no  longer  a  caterpillar  or  a  chrysalis  :  it  is 
(Fig.  12). 

Fio.  11 


anJC'WoRM  Moth  (M&le). 

Is  it  needful  to  explain  the  details  of  this  wonderfitl  metamorpbi^ 
sis?  The  body,  before  almost  all  alike,  presents  now  three  ilislifld 
regions :  the  heady  the  chest  {thorax)^  the  belly  [abdomen),  Wifip, 
of  which  there  was  not  the  least  vestige,  are  now  developed.  In  coii^ 
pen  sat  ion  J  the  hind  feet  have  disappeared.  The  forf*-feet  pemst,  btil 
you  would  not  know  them,  they  have  become  so  slender,  and  a  fin<! 
down  covers  all  the  parts. 

In  the  interior,  the  transformation  is  also  complete,     Tbi  <i 
gus  (throat)  is  no  longer  a  simple  reversed  funnel;  it  is  li  n 
lengthened  tube,  with  an  a^.rial  vessel  attached,  of  which  the  C4it(r|ii:' 
lar  offers  no  trace.     The  stomach  is  strangely  ahortened«     Th«  i'    ^ 
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tine  in  elotigated,  and  its  diflferent  parte,  that  we  found  so  difEeult  to 
dlstinguiish,  are  very  much  changed.  If  we  examine  in  detail  all  the 
organs  juat  now  indicated,  eveu  lo  the  nervous  eystem,  we  shall  find 
mod  ill  cat  ions  not  less  striking. 

But  these  are  not  the  strangest  changes  that  have  occurred.  There 
fire  others  which  still  more  arrest  our  attention  ;  they  are  those  which 
relate  to  the  production  of  a  new  generation. 

All  caterpillars  are  neuters — that  is  to  say,  there  are  no  males  orfo 
males  among  them.  They  have  no  apparatus  of  rc*production.  These 
organs  are  developed  during  the  period  that  follows  the  formation  of 
the  chrysalis  while  the  animal  is  motionless,  and  seemingly  dead. 
Marriages  occur  at  the  coming  out  from  the  cocoon,  and,  immediately 
after,  the  female  lays  her  Q^g^^  averaging  about  500  (Fig.  13).    This 

Flo.  13. 


BtLiK-woaM  HoTH  {¥&m&\vy 


done,  she  dies,  the  male  ordinarily  dying  first*  It  is  a  general  law  for 
isects;  the  butterfly  of  the  silk-worm  does  not  escape  it.  It  is  even 
lore  rigorotis  for  him  than  for  his  brethren  that  we  see  flying  from 
ower  to  flower.  From  the  moment  of  eniering  the  coeomi,  the  s^ilk- 
rorm  takes  no  nourishment.  When  it  becomes  a  butterfly,  and  has 
sured  the  perpetuity  of  the  species,  its  task  is  accomplished;  there 
C^thing  more  but  to  die. 

Such,  briefly,  is  the  natural  history  of  the  silk-worm.     It  remains 
[V)  trace  rapidly  its  industrial  history. 

Whence  came  this  insect?  Whnt  is  its  country  and  that  of  the 
\  mtilherry — for  the  tree  and  the  animal  seem  to  have  always  travelled 
I  Bide  by  side  ?  Every  thing  seems  to  indicate  that  China — Northern 
^l*lrina— is  its  point  of  departure.  Chinese  annals  establish  the  exist- 
ftcc  of  industries  connected  with  it  from  those  remote  and  semi- 
lous  limes  when  the  emperors  of  the  Celestial  Empire  hud,  it  is 
,  the  head  of  a  tiger,  the  body  of  a  dragon,  and  the  horns  of 
They  attribute  to  the  Emperor  Fo-lli,  3,400  years  before  our 
rfmploying  silk  in  a  musical  instrument  of  hi 
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invention.  This  date  carries  us  back  6,265  years.  They  are  said  to 
have  employed  t)ie  silk  of  wild  caterpillars,  and  to  have  spun  a  sort 
of  floss.  At  that  time  they  knew  nothing  of  raising  the  worm  or  of 
winding  tlie  cocoon  into  skeins. 

This  double  industry  appears  to  have  arisen  2,650  years  before  oar 
era,  or  4,515  years  ago,  through  the  efforts  of  an  empress  named  Si- 
ling-Chi.  To  her  is  attributed  the  invention  of  silk  stuffs.  You  will 
not  be  surprised  to  see  that  the  fabrication  of  silks  should  have  a 
woman  as  its  inventor. 

Si-ling-Ghi,  in  creating  this  industry,  which  was  to  be  so  immense- 
ly developed,  enriched  her  country.  Her  countrymen  seem  to  have 
understood  the  extent  of  the  benefit,  and  to  have  been  not  ungrateful 
They  placed  her  among  their  deities,  under  the  name  of  Sein-Thsan, 
two  words  that,  according  to  M.  Stanislas  Julien,  signify  the  tirst  wLo 
raised  the  silk-worm.  And  still,  in  our  time,  the  empresses  of  China, 
witii  their  maids-of-honor,  on  an  appointed  day,  offer  solemn  sacrifices 
to  Sicn-Thsan.  They  lay  aside  their  brilliant  dress,  renounce  tbeir 
sewing,  their  embroidery,  and  their  habitual  work,  and  devote  them- 
selves to  raising  the  silk-worm.  In  their  sphere  they  imitate  the  Em- 
peror of  China,  who,  on  his  part,  descends  once  a  year  from  his  throne 
to  trace  a  furrow  with  the  plough. 

Tiiu  Chinese  are  an  eminently  practical  race.  No  sooner  did  they 
understand  that  silk  would  be  to  them  a  source  of  wealth,  than  thvv 
strove  to  obtain  a  monopoly  of  it.  •  They  established  guards  along 
their  frontier — true  custom-house  officers — with  orders  to  prevent  the 
going  out  of  seeds  of  the  mulberry  or  of  the  silk-worm.  Death  was 
pronounced  against  him  who  attempted  to  transport  from  the  country 
these  precious  elements  which  enriched  the  empire.  So,  during  more 
than  twenty  centuries,  we  were  completely  ignorant  of  the  source  «>t 
these  niiirvellous  goods — the  brilliant  tissues  manufactured  from  >ilk 
For  a  long  time  we  believed  them  to  be  a  sort  of  cotton ;  some  su;^ 
posed  even  that  they  were  gathered  in  the  fields,  and  were  the  wobs 
of  certain  giijantic  spiders.  The  price  of  silk  continued  so  high  that 
the  Kni]»eror  Aurelian,  after  his  victories  in  the  Orient,  refused  bis 
wife  a  silken  nd)e,  as  being  an  object  of  immoderate  luxury,  even  for 
a  Roman  enij>ress. 

A  monopoly  founded  on  a  secret  ought  necessarily  to  come  to  aa 
end,  particularly  when  the  secret  is  known  by  several  millions  of  men. 
l>ut,  to  e\'])ort  the  iiniustry  of  Si-ling-Chi,  it  was  needful  to  risk  life  in 
deceiving  the  custom-house  officer.  It  was  a  woman  who  underti.H'k 
this  iine  contraband  stroke.  Toward  the  year  140  before  our  era,» 
princess  of  the  dynasty  of  Han,  affianced  to  a  King  of  Khokau. 
learne«l  that  the  country  in  which  she  was  destined  to  live  had  neiilh?r 
the  mulberry  nor  the  silk-worm.  To  renounce  the  worship  of  Sein- 
Thsan,  an<l  doubtless  also  to  do  without  the  beautiful  stuffs,  so  dear  to 
the  coquette,  appeared  to  her  impossible.    So  she  did  not  hesitate  to  tee 
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Se  privilegea  of  her  rank  to  riolate  the  lawa  of  the  empire.  On  ai> 
proac'hing  the  frontier,  the  pmcefts  concealed  in  her  hair  some  raul- 
berry-seed  and  eggs  of  the  butterfly.     The  guards  dared  not  put  their 

^^nds  on  the  head  of  a  "  Princess  of  Heaven  ;  '*  eggs  and  seeds  passed 

^■he  officer  without  disturbance,  and  prospered  well  in  Khokan,  situated 

^■ear  the  middle  of  Asia. 

^  And  80  commenced  that  journey  wliich  was  not  to  he  arrested  till 
the  entire  world  possessed  the  mulberry  and  the  silk-worm;  but  it 
was  accompHshed  slowly  and  with  long  halts.  That  whieh  had  oc- 
<mrred  in  China  occurred  everyivhere,  each  new  state  that  obtained 

^■le  precionB  seeds  attempting  prohibition. 

The  silk-worm  and  mulhen-y  got  to  Europe  in  55i%  under  Justinian. 
At  this  time  two  monks  of  the  order  of  St.  Basil  delivered  to  thin  em- 

troT  the  seeds,  said  to  have  come  from  the  heart  of  Asia,  To  sraug- 
e  them,  they  had  taken  still  greater  precautions  thitn  the  Chinese 
inccss,  for  they  hollowed  out  their  walking-sticks,  and  tilled  tlje  in- 
terior with  the  precious  material  The  Emperor  Justinian  did  not 
imitate  the  .Vyiatic  potentates,  but  sought  to  propagate  and  eJttend 
the  silk-manufacture,  Morea,  Sicily,  and  Italy,  were  the  first  Euro- 
pean countries  that  accepted  and  cultivated  the  new  products. 

It  was  not  till  the  twelfth  or  thirteenth  century  that  the  silk- worm 
penetrated  iJito  France.  Louis  XL  planted  mulberry -trees  around  his 
Chdteau  of  Plessisdcs-Tours,  Besides,  he  called  a  Calabrian  named 
Francis  to  initiate  the  neighboring  population  in  raising  this  precioua 
insect,  and  devehiping  the  several  industries  that  are  connected  with  it. 
jUnder  Henry  IV,,  sericulture  received  a  great  impulse,  thanks  chiefly, 
erhaps,  to  a  simple  gardener  of  Nimes  named  Francois  Traucat.  It 
I  always  said  that  this  nurseryman  distributed  throughout  the  neigh- 
oring  country  more  than  four  million  mulberry-f'prouts.  In  enrich* 
Hg  the  country,  Traucat  acqtiired  a  considerabie  fortune  ;  but  he  lost 
^  foolishly.  He  had  heard  of  treasures  buried  neaf  a  great  castle 
rhich  commanded  the  town  of  Nimes,  and  which  is  called  the  Castle 
Magne.  He  wished  to  increase  the  money  he  had  nobly  and  use- 
ully  gained,  by  this  imaginary  gold  ;  he  bought  the  great  cast  le  and 
Neighboring  ground,  and  dug  the  earth,  which  brought  him  nothing, 
"till  he  ruined  himself. 

The  minister  of  Louis  XIV.,  Colbert,  sought  also  to  propagate  the 
littlberry.  Sully  with  rcloctance  had  done  the  same,  and  sent  trees 
various  parts  of  the  kingdom,  some  of  which  were  still  living  when 
[was  a  child.  They  were  called  by  life  name  of  tltis  minister,  and  I 
pmeralrer  to  have  seen  two  of  them  in  my  father's  grounds^  which  no 
Einger  bore  leaves,  but  were  piously  preserved  as  aoiwenirs  of  their 


To  lead  in  the  development  of  sericulture,  a  man  was  needed  who 
Id  not  hesitate  to  set  an  example,  and  to  make  considerable  sacri- 
This  man,  I  am  proud  to  say,  was  a  modest  officer,  Captain 


668 


THE  POPULAR   SC/SaYCS  MONTHLY, 


Francois  cle  Carles,  my  grandfather.  Reittrning  from  a  campaign  in 
Italy,  where  be  had  seen  how  timcb  the  culture  of  the  roulbeny  en. 
riched  the  population,  he  resol  v^ed  to  traneplant  lh5s  industry  into  the 
heart  of  Ccverines,  where  were  his  estate*?.  He  proceeded  in  thii^iray: 
He  made  plantations,  and,  in  order  to  extend  them,  be  did  not  hesitate 
to  uproot  the  chestnuts,  those  old  nourishers  of  the  ancient  C^Yeoflok 

Fia.  14 


Labta,  Pcta,  Cocoon,  ajtd  Morn, 


To  water  the  fnulberrioH,  he  constructed  ditches  and  aqueducts;  then 
he  forced,  so  to  say,  the  peasants  to  take  thei^e  improved  InmU  fti 
their  own  price  and  on  their  own  conditions.  In  this  way  he  alienitttl 
almost  all  his  land^  and  singularly  diminished  his  fortune ;  hut  he  efr 
riclied  the  country.  The  reBults  s|>eak  too  distinctly  to  be  mi^antl^^ 
stood.     You  shall  judge  by  the  figures. 
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The  little  valley  where  Captain  Carles  made  hia  experiments,  and 
'where  I  was  born,  belongs  to  the  Commune  of  Valleraugue.     At  the 
time  of  which  I  speak,  they  harvested  scarcely  4,400  lbs,  of  very  poor 
cocoons,  that  sohi  for  very  little.    Recently  there  were  producedj  before 
fcie  malady  of  w^hich  I  sliaU  presently  speak,  440^000  lbs.  of  excellent 
inality,  valued  on  an  average  at  2  J  or  2  J  franca  per  pound.     At  thia 
price,  a  million  of  silver  money  found  its  way  each  year  into  this  little 
commune  of  not  more  than  4,000  inhabitants. 

Let  me  remark  that  this  money  went  not  alone  to  the  rich.  The 
small  proprietors,  the  day-laborers,  those  even  wbo  owned  not  the 
least  laud,  had  the  greatest  part.  In  fact,  most  of  the  easy  proprie- 
tors did  not  raise  tbeir  own  silk-worms ;  they  contracted  for  them  in 
thia  way:  The  laborer  received  a  certain  quantity  of  eggs  of  the  silk- 
worm on  the  condition  of  giving  a  lifth  of  the  cocoons  for  an  ounce 
of  eggs  \  they  received,  besides,  enough  mulberry-leaves  to  nourish 
all  the  worms  from  those  eggfi^phm  a  certain  quantity  to  boot.  All 
the  cocoons  above  this  constituted  the  wages  or  gain  of  the  raiser* 

You  see,  w^e  had  resolved  in  our  mount ains  this  problem,  so  often 
encountered  and  slill  unsettled,  of  the  association  of  capital  and  labor ; 
and  resolved  it  in  the  beat  possible  way  for  both.  The  interest  of  the 
proprietor  was,  in  this  case,  identical  with  that  of  the  rearer,  and  re- 
ciprocally ;  for  the  success  of  a  good  workman  would  equally  benefit 
both  parties,  and  the  poor  workman  could  profit  only  according  to  hia 
work* 

Now,  this  labor  waa  in  reality  of  little  account.  tXntil  after  the 
fourth  moulting,  when  the  sllk^worm  is  preparing  to  make  his  cocoon, 
the  rearing  of  the  worms  can  be  performed  by  the  women  and  chil- 
dren while  the  father  pursues  his  ordinary  occupation.  Only  after  the 
fourth  moult  is  he  obliged  to  interrupt  bis  w^ork,  and  occupy  himself, 
in  his  turn,  in  the  gathering  of  leaves.  The  rearing  ended,  an  indus- 
trious family — and  such  are  not  rare  with  us — will  have,  on  an  average, 
from  250  to  500  francs  of  profit  Thia  bright  silver,  added  to  the  re- 
sources of  the  year,  this  profit  obtained  w^ithout  the  investment  of 
capital,  seconded  by  the  wise  conduct  of  our  mountaineer  Cevennols, 
leads  rapidly  to  competency.  At  the  end  of  a  few  years,  the  laborer, 
who  had  nothing,  possesses  a  little  capital  to  buy  some  corner  of  rock, 
which,  by  his  intelligent  industry,  he  quickly  transforms  into  fertile 
^joil,  and  in  his  turn  becomes  a  proprietor, 

^B  What  I  am  telling  you  is  not  fancy.  I  speak  of  facts  that  have 
H^eurred  under  my  own  eyes,  and  that  I  well  know*.  In  the  country, 
^Plind  particularly  on  the  soil  of  our  old  mountains,  people  are  not 
strangers  to  each  other,  as  in  our  great  cities.  Between  the  gentle- 
man and  the  peasant  there  are  not  the  same  barriers  as  between  the 
citizen  and  the  laborer  in  towns.  When  a  child,  I  played  with  all  my 
little  neighbors ;  I  knew  the  most  secret  nooks  of  the  eight  or  ten 
.^ousee  oompoaing  the  modest  hamlet  which  bordered  the  place  where 
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I  was  born ;  I  saluted  by  their  names  the  members  of  all  the  {amilies 
of  the  valley.  And  now,  when  I  go  to  the  countrx',  it  is  always  a 
great  pleasure  to  visit  these  houses,  one  by  one,  and  take  by  the  hand 
those  from  whom  I  have  been  so  long  separated.  But  this  happiness 
is  always  mingled  with  sorrow ;  the  number  of  those  I  knew  dimin- 
ishes with  each  visit,  and  those  who  have  come  since  cannot  replace 
them  for  me. 

Permit  me  to  give  you  the  history  of  one  of  these  families.  It 
occurs  to  mo  first,  as  it  contrasted  with  all  the  others  by  its  miserable 
dwelling.  This  was  a  little  thatch-built  cottage,  standing  by  itself  at 
the  foot  of  an  irregular  slope  of  perfectly  bare  rocks.  It  consisted  uf 
a  single  story,  with  only  one  room,  scarcely  larger  than  one  of  our 
bedrooms ;  the  wall,  built  without  moitar,  was  any  thing  but  regular; 
the  roof  consisted  of  flags  of  stone,  retaining,  as  well  as  they  were 
able,  a  mass  of  straw  and  branches.  Between  the  rocks  that  sup- 
])orted  this  house  and  the  wall,  there  was  a  little  place  where  was 
kept  a  pig,  the  ordinary  resource  of  all  Cevennol  house-keeping. 

This  cottage  was  occupied,  when  I  was  eleven  or  twelve  years  «»M, 
by  a  man  with  his  wife  and  four  children.  The  father  and  mother 
worked  in  the  field ;  the  eldest  child,  scarcely  of  my  age,  had  begun  to 
be  useful,  j)articularly  in  the  time  of  gathering  the  mulberry-leaves; 
the  smaller  ones  drove  the  pig  along  the  road,  where  it  grew  anil  lat- 
tened,  the  best  it  could,  without  any  expense. 

After  an  absence  of  ten  years,  I  returned  to  my  mountains,  and  the 
first  thing  was  to  call  upon  my  old  neighbors,  those  of  whom  I  have 
spoken  among  the  rest.  In  aj>proaching,  I  scarcely  knew  the  place.  The 
roi-ks  that  supj»ortod  the  house  had  disappeared  to  make  way  for  those 
tnu'trsitrs  of  which  I  shall  tell  yon  j»resently;  the  house  had  Ikoii  re- 
built, it  had  irainfd  a  story,  and  was  of  double  its  former  extent ;  iis 
walls  were  laitl  in  niortar;  its  roof  covered  with  beautiful  slate.  Tlie 
master  of  the  house  was  absent,  but  his  wife  wtdoomed  me  with  a  glass 
of  wino  from  a  neat  walnut  table.  Then  she  showed  mi*,  with  pn»jiT 
j»ride,  a  room  with  two  beds  at  the  farthi-r  end,  the  first  portion  hi-ini* 
devoted  to  the  rearing  of  silk-worms;  and,  above  all,  the  favorite ar- 
ticht  of  furniture  of  all  good  Ci'vonnol  housekeeping — an  immenw 
eui»boanl  uf  walnut,  cranime<l  witli  clothing,  dresses,  and  raimont 
of  all  >orts.  At  the  same  time  she  gave  me  news  of  all  the  family: 
tlif  t'Mcst  sou  was  a  soldier;  a  daughter  was  married  ;  the  eldest  re- 
niainiuLC  t-hihlren  attfndfd  to  the  business,  and,  as  of  old,  the  younijer 
<»nes  ran  about  watching  the  piir.  I  clasped  with  pleasure  the  hand 
of  this  brave  woman,  because  this  competence  was  the  fruit  uf  gooJ 
conduct,  of  industry,  of  jierseveranoe,  and  of  economy.  And  vhai 
the  silk  Worm  did  in  ten  years  for  one  family  it  has  been  doing  lor 
nearly  a  century  for  the  whole  region  of  Cevennes,  because  among 
tiieni  you  generally  find  the  same  elements  of  success. 

That  you  may  better  understand  me,  I  wish  to  give  you  some  idea 
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rilleys.  Let  me  sketch  for  you  the  one  I  know  best,  the  one 
iti  which  I  was  born.  It  is  composed  of  ascents  so  steep  that,  when 
two  neighboring  houses  arc  placed  one  above  the  other,  the  cellar  of 
the  upper  one  is  on  the  same  level  as  the  garret  of  the  lower  one. 
There  is  not  much  earth  on  these  declivities,  and  the  rocks  stick  out 
everywhere.  But  it  is,  as  it  were,  from  tlie  rocks  themselves  that 
our  mountaiiieer«  make  their  mill  berry -plantations.  They  proceed 
in  this  way:  They  tirst   break   up   the   rocks,  and  with  the  larger 
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pie0  so  obtained  they  raise  a  wall ;  then,  with  the  smaller  pieces, 
ey  fill  up  the  interval  between  the  wall  and  the  mountain.     This 
dune,  they  bring  upon  tlicir  backs,  from  the  bottom  of  the  valley,  soil 
manure  enough  entirely  to  fill  the  space.     This  is  what  is  called 
wernier^  and  it  is  in  this  soil  that  most  of  the  mulberry -trees  are 
^ted.     I  have  seen  a  bridge  built  across  a  moantain-«lream  cx- 
ly  to  give  foothold  for  two  or  three  of  these  precious  trees.     To 
•  all  this  preparation  the  produce  should  be   very  ^reat.     The 
ag  figure*  give  the  average  value  of  ground  planted  to  mulber- 
for  20  years  : 

Tmversiera  not  watered         ...         1  acrc»        9,S00  fntTics. 
Kelds  watered  .       *.        .        ,        ,1  acre,       12,nno      » 

Meftdows  planted  with  raulbemes         ,         1  acre,       12,4(»0       '* 

eren  then  the  money  yielded  five  per  cent.     This  price,  which 

n€  would  not  believe  when  I  told  them,  has  been  officially  coufirmed 

f.  de  Lavergne,  in  his  romarkaltle  wriling^  upon  Frencli  agricub 

This  value  of  buirl,  and  the  way  it  has  been  obtained,  explain 

nature  of  our  ciiuntry'a  M^calth.    With  tlie  exception  of  some  fami- 

•I^ently  enriched  by  the  silk-manufacture  and  the  mlk-trade,  the 

l^af  thifi  wi-alth,  although  very  high^  is  more  of  the  nature  of  gen- 

!  eompetenoe  than  of  great  fortunes.     Industry  and  economy  have 
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produced  general  well-being,  without  the  growth  of  offensiye  ^ffe^ 
enceB.  I  cannot  say  how  it  is  now,  but  in  my  childhood  there  were 
no  paupers  in  our  commune,  except  two  infirm  people  who  were  sup- 
ported in  their  misfortunes  by  voluntary  aid. 

Fio.  16. 


Sheets  or  Papeb  btuok  into  Sobsbhb,  aivd  nrouirSD  fob  thb  Rbcbftiox  or  Motbb. 

These  Striking  results  could  not  fail  to  affect  the  neigliborios: 
country.  This  example  of  the  culture  of  the  mulberry  was  imitated 
throughout  the  south  of  France,  and  adopted  more  or  less  in  other 
departments.  You  can  judge  of  the  progress  made  in  this  culture  by 
the  following  figures,  giving  the  quantity  of  cocoons  produced  an- 
nually : 

From  1821  to  1830 22,000,000  pounds. 

"       1831   "    1840 ai,(K)0,000       »* 

*'   1841  "  1845 87,000/xK)   ** 

"   1846  *•  1852 46,000,000   " 

"1853  66,000,000   ^ 

These  50,000,000  lbs.  of  cocoons  sold  at  from  2 J  to  2i  francs  prr 
lb.,  representing  a  value  of  about  130,000,000  francs.  Now,  these 
millions  all  went  to  agriculture,  to  the  first  producer;  and  so  tber 
added  to  the  national  wealth  at  its  most  vital  source.  If  this  piogress 
had  continued,  in  a  few  years  we  should  have  been  able  to  supply  our  ovn 
manulaetures,  and  relieve  ourselves  of  the^  tribute  of  60  or  65,000,000 
francs  tliat  we  j)ay  to  foreign  countries.  But,  unhappily,  at  the  moment 
when  this  culture  was  most  prosperous,  when  mulberry-plantations 
wen*  sjjrini^ing  up  on  all  sides,  fed  by  the  nurseries  which  were  each 
(lay  more  numerous,  all  tliis  prosperity  disappeared  before  the  terrible 
scouri^e  to  which  I  alluded  in  the  beginning  of  my  discourse. 

Like  all  our  domestic  animals,  the  silk-worm  is  subject  to  varioiu 
maladies.  One,  called  the  muscardhif^  that  for  a  long  time  was  the 
terror  of  breeders,  is  caused  by  a  species  of  mould  or  microscopic 
muslu'oom.  This  mushroom  invades  the  interior  of  the  l>ody  of  the 
insect.     After  ailecting  all  the  tissues,  this  vegetal  parasite  sometifflrt    } 
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suddenly  appears  upon  the  outside  of  the  body  in  the  form  of  a  white 
powder.  Each  grain  of  this  powdei*,  fulling  upon  a  silk-wonri,  plants 
the  seed  of  this  fonnidable  mushroom,  the  ravages  of  which  will 
destroy  all  the  worms  of  a  reariog^chambcr  in  a  few  hotirs.  Happily, 
science  has  found  the  means  of  killing  ihese  seeds,  and  of  completely 
disinfecting  the  locahty.  At  the  very  moment  when  this  victory  was 
announced,  another  yet  more  terrible  scourge,  the  pebrine^  appeared. 
The  muscardine  caused  isolated  disaster ;  it  had  never  been  so  w^ide- 
spread  as  seriously  to  injure  the  general  business.     Not  so  this  other 
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malady.  It  is  a  true  epidemic,  which  attacks  life  at  its  very  source  in 
an  inexplicable  fashion.  It  is  a  pestilence  like  the  cholera.  Under 
the  influence  of  this  scourge,  the  chambers  of  the  silk-worm  no  longer 
thrive;  most  of  the  worms  die  without  producing  silL  Those  that 
survive  as  butterflies  give  infected  eggn,  and  the  next  generation  is 
worse  than  the  first.  To  get  healthy  eggs,  we  had  to  go  to  the  neigh- 
boring countries;  but  other  countries  have  been  invaded  in  their  turn. 
To-day  we  have  to  get  them  in  Japan*  Even  when  the  egg  is  healthy, 
the  epidemic  bears  equally  on  its  product ;  a  great  part  of  the  worms 
always  suecum1>,  and  when  tlie  breeder  gets  half  a  crop  he  is  very 
happy.  Upon  the  whole,  the  great  majority  of  breeders  have  worked 
at  ai  loss  since  the  invasion  of  this  disease. 

You  understand  the  consequences  of  such  a  state  of  things,  con- 
tinued since  1849.      The  people  make  nothing;  they  lose,  and  yet 
VOL.  in. — i^ 
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they  have  to  live  aod  cultivate  their  ground.  In  this  business  tbe 
profits  melt  away  rapidly,  and  particularly  where  the  mulberry  ww 
the  only  crop,  as  at  Cevennes,  mifiery  has  taken  the  place  of  comfort 
Those  who  once  called  themselves  rich  are  to-day  scarcely  able  to  get 
food  to  eat.  Those  who  used  to  hire  day-laborers  to  gather  tlieir  hir- 
vest  have  become  day-laborers,  and  the  laborers  of  forcoer  times  have 
emigrated.  This  will  give  you  an  idea  of  the  extremities  to  whtdli 
they  are  reduced,  for  to  uproot  a  mountaineer  of  C^vcnnes  be  maul  lie 
dying  of  hunger. 

To  escape  a  fatality  so  heavy,  these  people  have  displayed  pers^ 
verance  and  courage  of  the  highest  kind.  They  have  undertaken  dSft* 
tant  journeys  to  get  non-infected  eggs.  More  than  one  hai  not  tcmt 
back  from  these  journeys,  where  it  was  needful  to  struggle  agahiit 
great  fatigue  in  inhospitable  countries.  Although  they  fidl  not  dot 
\  field  of  battle,  stniek  by  ball  or  bullet,  tbey  were  true  aoldiera ;  and, 
although  they  did  not  carry  arms,  they  died  in  the  service  of  ihl 
country. 
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During  seventeen  years  this  exhaustion  has  been  most  a^f«grav»t^ 
in  places  chiefly  devoted  to  sericulture,     But^  if  these  locr^' 

merit  all  our  sympathy,  their  general  consequences  still  uxv^^  .,^ — 

our  attention.     Confidence  in  the  culture  of  the  siJk-womi  hMB  dioM* 
ished  wherever  it  was  not  the  exclusive  occn>  Where 

crops  could  replace  it,  that  of  tbe  mulberry  v  ily  db 

In  many  countries  they  have  destroyed  the  tree  so  lately  kfiovm] 
the  tree  of  gold. 


Ab  the  foregoing  interesting  discourse  was  delivered  in  IS^^lW 
following  statement  of  Prof,  Huxley  regarding  the  p^ifm  mahiy^ 
ma*le  in  1 8^0,  in  his  address  before  the  British  Aaaoclation,  will  be  m- 
teresting. — [Edftob, 
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"  Tbe  Italian  naturalist,  Filippi,  discovered,  in  the  blood  of  wSkr 
worms  affected  by  this  straoge  disease,  j^^^'/ie,  a  multitude  of  cftio- 
drical  corpuscles,  each  of  about  ^^^^  of  an  inch  long.  These  have  been 
carefoHy  studied  by  Lebert,  and  named  by  him  I^anhistophyion ;  far 
the  reason  that,  in  Bubjects  in  which  the  disease  is  strongly  developed^ 
ihe  corpuscles  swarm  in  every  tissue  and  organ  of  the  body,  and  even 
pass  into  the  undeveloped  eggs  of  the  female  moth.  The  French  Gov- 
ern men  t,  alarmed  by  the  continued  ravages  of  the  malady  and  the  in- 
efficiency  of  the  remedies  which  had  been  suggested,  dispatched  M. 
Pasteur  to  study  it,  and  the  question  has  received  its  final  settlement 
It  is  now  certain  that  this  devastating,  cholera-like /7e^rin€  is  the  effect 
of  the  growth  and  multiplicatiou  of  the  Panhistophyton  in  the  silk- 
worm. It  is  contagious  and  infectious,  because  the  corpuscles  of  the 
Panhistophyton  pass  away  &om  the  bodies  of  the  diseased  caterpilbrs, 
directly  or  indirectly,  to  the  alimentary  canal  of  healthy  sUk-worms  in 
their  neighborhood  ;  it  is  hereditary,  because  the  corpuscles  enter  into 
the  egg.  There  is  not  a  single  one  of  all  the  apparently  capricious 
and  unaccountable  phenomena  presented  by  the  pebrifi€^  but  has  re^ 
ceived  its  explanation  from  the  fact  that  the  disease  is  the  result  of  the 
presence  of  the  microscopic  organism  PanhutophytotK  M.  Pastenr 
has  devised  a  method  of  extirpating  the  disease,  which  has  proved  to 
be  completely  successful  when  properly  carried  out.*' 
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PROBABLY  astonishment  would  make  the  reporters  drop  thtar 
pencils,  were  any  member  of  Parliament  to  enunciate  a  psyobo- 
logical  principle  as  justifying  his  opposition  to  a  proposed  measore. 
That  some  law  of  association  of  ideas,  or  some  trait  in  emotionii  de- 
Tclopment,  should  be  deliberately  set  forth  as  a  sufficient  ground  for 
aaying  ■*  ay'*  or  **no"  to  a  motion  for  second  reading,  would  doubt- 
less  be  too  much  for  the  gravity  of  legislators.  And  along  with 
laughter  from  many  there  would  come  from  a  few  cries  of  "  question:" 
the  entire  irrelevancy  to  the  matter  in  hand  being  oonspiouous.  It  is 
true  that  during  debates  the  possible  behavior  of  citizens  under  the 
suggested  arrangements  is  described.  Evasions  of  this  or  that  pro- 
vision, difficulties  in  carrying  it  out,  probabilities  of  resistance,  cod- 
nivance,  corruption,  cto.,  are  urged ;  and  these  tacitly  assert  that  the 
mind  of  man  has  certain  characters,  and  under  the  conditions  rxseuA 
is  likely  to  act  in  certain  ways.  In  other  words,  there  is  an  impBd 
recognition  of  the  truth  that  the  eSects  of  a  law  wiU  depeud  on  tlM 


^ 


manner  in  wbich  human  intelligence  and  human  feeling  are  iiifiuenced 
by  it  Experiences  of  men's  conduct  which  the  legislator  has  gath- 
ered, and  which  lie  partially  sorted  in  Ms  memory,  furnish  bira  with 
empirical  notions  that  guide  his  judgment  on  each  question  raised ; 
and  lie  would  think  it  folly  to  ignore  all  this  unsystematized  knowl- 
edge about  people's  characters  and  actions.  But,  at  the  same  time, 
he  regards  as  foolish  the  proposal  to  proceed,  not  on  vaguely-gen- 
eralized facts,  but  on  facts  accurately  generalized ;  andj  as  still  more 
fooliBh,  the  proposal  to  merge  these  minor  definite  generalizations  in 
generalizations  expressmg  the  ultimate  laws  of  Mind.  Guidance  by 
iotuitioQ  seems  to  him  much  more  rational. 

Of  coarse,  I  do  not  mean  to  say  that  his  intuition  is  of  email 
value«  How  should  I  say  this,  remembering  the  immense  accumula- 
tioQ  of  experiences  by  which  his  thougbts  have  been  moulded  into 
harmony  with  things  ?  We  all  know  that  when  the  successful  man  of 
bufiiness  is  urged  by  wife  and  daughters  to  get  into  Parliament,  that 
they  may  attain  a  higher  social  standings  he  always  replies  that  his 
occupations  through  life  have  left  him  no  leisure  to  prepare  himself, 
by  collecting  and  digesting  the  voluniinous  evidence  respecting  the 
effect 6  of  institutions  and  policies,  and  that  he  fears  he  might  do  mis- 
chie£  If  the  heir  to  some  large  estate,  or  scion  of  a  noble  house 
powerful  in  the  locality,  receives  a  deputation  asking  him  to  stand  for 
be  county,  we  constantly  read  that  he  pleads  inadequate  knowledge 
i  a  reason  for  declining  \  perhaps  hinting  that,  after  ten  years  spent 
the  needful  studies,  he  may  have  courage  to  undertake  the  heavy 
iponsibilities  proposed  to  him.  So,  too,  we  have  the  familiar  fact 
bat,  when,  at  length,  men  who  have  gathered  vast  stores  of  political 
aformation  gain  the  confidence  of  voters  who  know  how  carefuUy 
bey  have  thus  fitted  themselves,  it  still  perpetually  happens  that  after 
dection  they  find  they  have  entered  on  their  work  prematurely.  It  is 
"true  that  beforehand  they  had  eonght  anxiously  through  the  records 
of  the  past,  that  they  might  avoid  legislative  errors  of  myltitudinous 
kinds,  like  those  committed  in  early  times.  Nevertheless,  when  acts 
proposed  referring  to  matters  de^lt  with  in  past  generations  by 
long  since  cancelled  or  obsolete,  immense  inquiries  open  before 
tiem* .  Even  limiting  themselves  to  tlie  1,126  acts  repealed  in  1823-'29j 
the  further  770  repealed  in  1861,  they  find  that  to  learn  what 
\  aimed  at,  how  they  worked,  why  they  failed,  and  whence  arose 
mischiefs  they  wrought,  is  an  arduous  task,  which  yet  they  feel 
ad  to  undertakje  lest  they  should  reinflict  these  mischiefs ;  and 
ace  the  reason  why  so  many  break  down  under  the  efibrt,  and  retire 
health  destroyed.  Nay,  more — on  those  with  constitutions  vig- 
1  enough  to  carry  them  through  such  inquiries,  there  continually 
presses  the  duty  of  making  yet  further  inquiries.  Besides  tracing  the 
ilta  of  abandoned  laws  in  other  societies,  there  is  at  home,  year  by 
more  futile  law-making  to  be  investigated  and  lessons  to  bo 
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drawn  from  it ;  as,  for  example,  from  the  134  public  aete  passed  in 
1866-'57,  of  which  all  but  08  are  wholly  or  partially  repealed.    And 

thus  it  happens  that,  as  every  autumn  shows  us,  eTen  the  stxougett 
men,  finding  their  lives  during  the  recess  overtaxed  with  the  needii&l 
study,  are  obliged  so  to  locate  themselves  that  by  an  occasional  dij^f 
hard  riding  after  the  hounds,  or  a  long  walk  over  the  moors  with  gun 
in  hand,  they  may  be  enabled  to  bear  the  excessive  strain  on  their  ner- 
Tous  systems.  Of  course,  therefore,  I  am  not  so  unreasonable  as  to 
deny  that  judgments,  even  empirical,  which  are  guided  by  snchdre- 
fully-amassed  experiences,  must  be  of  much  worth* 

But,  fu!ly  recognizing  the  vast  amount  of  information  which  the 
legislator  has  laboriously  gathered  from  the  accounts  of  institutions 
and  lawsj  past  and  present,  here  and  elsewhere,  and  admitting  that, 
before  thus  instructing  himself,  be  would  no  more  think  of  enforcing  a 
new  law  than  would  a  medical  student  think  of  plunging  an  0|>erating> 
knife  into  the  human  body  before  learning  where  the  arteries  ran,  tbt 
remarkable  anomaly  here  demanding  our  attention  is,  that  he  objects 
to  any  thing  like  analysts  of  these  phenomena  he  has  ao  diligently 
collected,  and  has  no  faith  in  conclusions  drawn  from  the  tn^mM^  of 
them.     Not  discriminating  -^^rj  correctly  between  the  word  "gen- 
eral "  and  the  word  '*  abstract,**  and  regarding  as  abstract  prlnciplw 
what  are  in  nearly  all  cases  general  principles,  he  speaks  contemptn- 
ously  of  these  as  belonging  to  the  region  of  theory,  and  as  not  ooo- 
cerning  the  law-maker.     Any  wide  truth  that  is  insisted  upon  as  being 
implied  in  many  narrow  truths,  seems  to  him  remote  from  reality  and 
unimportant  for  guidance.     The  results  of  recent  experiments  in  legis- 
lation he  thinks  worth  attending  to ;  and,  If  any  one  reminds  him  i 
the  experiments  he  has  read  so  much  about,  that  were  made  in 
times  and  other  places,  he  regards  these  also,  separately  taken,  as  < 
serving  of  consideration.     But,  if,  instead  of  studying  special 
of  legislative  experiments,  some  one  compares  many  classes  togvdMBt 
generalizes  the  results,  and  proposes  to  be  guidod  by  the  genefalxB' 
tion,  he  shakes  his  head  skeptically.     And  his  skepticism  passes  tnl9 
ridicule  if  it  is  proposed  to  affiliate  such  generalised  results  on  tbs 
laws  of  Mind.     To  prescribe  for  society  on  the  strength  of  countlcii 
unclassified  observations,  appears  to  him  a  sensible  coarse ;  hut^  10 
oolligate  and  systematize  the  observations  so  as  to  educe  tendencifif 
of  human  behavior  displayed  throughout  cases  of  numerous  kindi,  t» 
trace  these  tendencies  to  their  sources  in  the  mental  natures  of  oai» 
and  thence  to  draw  oonclusions  for  guidance,  appears  to  him  a  risk* 
ary  course. 

Let  us  look  at  some  of  the  fundamental  facta  he  ignorei^  and  tf 
the  results  of  ignoring  them. 


Rational  legislation,  based  as  it  can  only  be  on  a  true  theort^f 
conduct,  which  is  derivable  only  from  a  trap  theory  of  mindi  i 
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gnize  as  a  datum  the  direct  connectioo  of  action  with  feeling. 
That  feeling  and  action  hear  a  constant  ratio,  is  a  statement  needing 
qualification  ;  for  at  the  one  extreme  there  are  automatic  actions  which 
take  place  without  feeling,  and  at  the  other  extreme  there  are  feelings  so 
intense  that,  by  deranging  the  vital  functions,  they  impede  or  arrest 
action*  But,  speaking  of  those  activities  which  life  in  general  pre- 
0entd,  it  is  a  law  tacitly  recognized  by  ally  tliougb  not  distinctly  formu- 
Imted,  that  action  and  feeling  vary  together  in  their  amounts.  Pas- 
sivity and  absence  of  facial  expression,  both  implying  rest  of  the  mus- 
cles, are  held  to  show  that  there  is  being  experienced  neither  much 
tensation  nor  much  emotion,  while  the  degree  of  external  demon- 
stration, be  it  in  movements  that  rise  finally  to  spasms  and  contor- 
tions, or  be  it  in  sounds  that  end  in  laughter,  and  shrieks,  and  groans, 
la  habitually  accepted  as  a  measure  of  the  pleasure  or  pain,  sensa- 

onal  or  emotional  And  so,  too,  where  continued  expenditure  of 
energy  is  seen,  be  it  in  a  violent  struggle  to  escape,  or  be  it  in  the 
persevering  pursuit  of  an  object,  the  quantity  of  effort  is  held  to  show 
the  quantity  of  feeling. 

This ^ truth,  undeniable  in  its  generality,   whatever   qualifications 
secondary  truths  make  in  it,  must  be  joined  with  the  truth  that  cog- 

ilion  does  not  produce  action.  If  I  tread  00  a  pin,  or  unaTvares  dip 
my  hand  into  very  hot  water,  I  start :  the  strong  sensation  produces 
motion  without  any  thought  intervening.  Conversely,  the  proposition 
that  a  pin  pricks,  or  that  hot  water  scalds,  leaves  me  quite  unmoved. 
True,  if  to  one  of  these  propositions  is  joined  the  idea  that  a  pin  is 
about  to  pierce  my  skin,  or  to  the  other  the  idea  that  some  hot  water 
will  fall  on  it,  there  results  a  tendency,  more  or  less  decided,  to  shrink. 
But  that  which  cause8  shrinking  is  the  ideal  pain.  The  statement  that 
ihe  pin  will  hurt  or  the  water  i^cabl  produces  no  effect,  so  long  as  there 
^  nothing  beyond  a  recognition  of  its  meaning :  it  produces  an  effect 
tonly  when  the  pain  verbally  asserted  becomes  a  pain  actually  con- 
beived  as  impending — only  when  there  rises  in  conscious ness  a  repre* 
■entation  of  the  pain,  which  is  a  faint  form  of  the  pain  as  before  felt. 
iThat  is  to  say,  the  cause  of  movement  here^  as  in  other  cases,  is  a  feel- 
BgaDd  not  a  cognition.  What  we  see  even  in  these  simplest  actions, 
ksns  through  actions  of  all  degrees  of  complexity.  It  is  never  the 
■oowledge  which  is  the  moving  agent  in  conduct,  but  it  is  always  the 
■Mlbig  which  goes  along  with  that  knowledge,  or  is  excited  by  it. 
baogh  the  drunkard  knows  that  after  to-day's  debauch  will  come  to- 
^^bow's  headache,,  yet  he  m  not  deterred  by  cousciou&ness  of  this 
^^B,  unless  the  penalty  is  distinctly  represented — unless  there  rises 
^■Ua  consciousness  a  vivid  idea  of  the  misery  to  be  borne — unless 
Itiere  ia  excited  in  him  an  adequate  amount  of  feeling  antagonistic  to 
pis  desire  for  drink.  Similarly  with  improvidence  in  general.  If  com- 
kg  evils  are  imagined  with  clearness  and  the  threatened  sufferings 
haally  felt,  there  is  a  due  check  on  the  tendency  to  take  immediate 
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gr^tificationB  without  sttnt ;  but,  in  the  absence  of  that  codscioq 
of  future  ills  which  is  constituted  by  the  ideas  of  pains,  distioct  or" 
vague,  the  posing  desire  is  not  opposed  effectually.     The  truth  thit 
recklessness  brings  distress,  fully  acknowledged  though  it  may  he,  re- 
mains inoperative.     The  mere  cognition  does  not  affect  conduct — con- 
duct is  affected  only  when  the  cognition  passes  out  of  that  intellectual 
form  in  which  tlie  idea  of  distress  is  Uttle  more  than  verbal,  into  a  form 
in  which  this  term  of  the  proposition  is  developed  into  a  vivid  imagi- 
nation of  distress — a  mass  of  painful  feeling.     It  is  thus  with  conduct 
of  every  kind.     See  this  group  of  persons  clustered  at  the  river-side. 
A  boat  has  upset,  and  some  one  is  in  danger  of  drowning.     The  fiict, 
that,  in  the  absence  of  aid,  the  youth  in  the  water  will  shortly  die,  is 
known  to  them  all.     That  by  swimming  to  his  assistance  his  life  maj 
be  saved,  is  a  proposition  denied  by  none  of  them.     The  duty  of  help- 
ing fellow-creatures  who  are  in  difficulties,  they  have  been  taught  all 
their  lives  ;  and  they  will  severally  admit  that  running  a  risk  to  pre- 
vent a  death  is  praiseworthy.     Nevertheless,  though  sundry  of  them 
can  swim,  they  do  nothing  beyond  shouting  for  assistance  or  giving 
advice.     But  now  here  comes  one  who,  tearing  off  his  coat,  pjunges  in 
to  the  rescue.    In  what  does  he  differ  from  the  others  ?    Not  in  knowl- 
edge*    Their  cognitions  are  equally  clear  with  his.     They  know  u 
well  as  he  does  that   death   is   impending,  and   know,  too,  bow  it 
may  be  prevented.     In  him,  however,  these  cognitions  arouse  certain 
correlative  emotions  more  strongly   than   they  are    aroused  in  the 
rest.     Groups  of  feelings  are  excited   in    all ;   but,  whereas   in  th* 
others   the    deterrent    feelings  of    fear,   etc.,   preponderate,    m  Uim 
there  is  a  surplus  of  the  feelings    excited  by  sympathy,  joine^i,  it 
may  be,  with  others  not  of  so  high  a  kind.     In  each  case,  howerer, 
the  behavior  is  not  determined  by  knowledge,  but  by  emotion*    Ob- 
viously, change  in  the  actions  of  these  passive  spectators  is  not  to  be 
effected  by  making  their  cognitions  clearer,  but  by  making  their  higher 
feelings  stronger. 

Have  we  not  here,  then,  a  cardinal  psychologiQal  truth,  to  which 
any  rational  syatem  of  human  discipline  must  conform  ?  Is  it  not  mani' 
fest  that  a  legislation  which  ignores  it  and  tacitly  assumes  its  oppofit« 
will  inevitably  fail  ?  Yet  much  of  our  legislation  does  this ;  aod  we 
are  at  present,  legislature  and  nation  together,  eagerly  poshing  for- 
ward schemes  which  proceed  on  the  postulate  that  conduct  is  dftttf^ 
mined  not  by  feelings^  but  by  cognitions. 


For  what  else  is  the  assumption  underlying  this  anxious  urgiBg^ 
of  organizations  for  teaching  \  What  is  the  root-notion  oommoa  ^ 
Secularists  and  Denominationalists,  but  the  notion  that  spread  of 
knowledge  is  the  one  thing  needful  for  bettering  behavior  ?  Hariuf 
both  swallowed  certain  statistical  fallacies,  there  has  grown  up  ia  thiD 
the  belief  that  State-education  will  check  ill-doing.     In  newspipMlb 


IP'---^- 

MENTAL   SCIENCE  AND   SOCIOLOGY.  68i 

they  have  often  met  with  comparisona  between  the  numbers  of  crimi- 
nals who  can  read  and  write  and  the  numbers  who  cannot  \  and,  tiud- 
ittg  the  nambexs  who  cannot  greatly  exceed  tho  numbers  who  can, 
they  accept  the  inferenco  that  ignorance  is  the  cause  of  crime.  It  docs 
not  occur  to  them  to  ask  whether  other  statiatics,  similarly  drawn  up, 
would  not  prove  with  like  concluBivenesa  that  crime  is  caused  by  ab- 
fleaee  of  ablutions,  or  by  lack  of  clean  linen,  or  by  bad  ventilation,  or 
by  want  of  a  separate  bedroom.  Go  through  any  jail,  and  ascertain 
how  many  prisoners  bad  been  in  the  habit  of  taking  a  morning  bath, 
mnd  you  would  find  that  criminality  habitually  went  with  dirtiness  of 
flldii.  Count  up  those  who  had  posscseed  a  second  suit  of  clothes,  and 
a  comparison  of  the  figures  would  show  you  that  but  a  small  percent- 
age of  criminals  were  habitually  able  to  change  their  garments.  In- 
quire whether  they  had  lived  in  main  streets  or  down  courts,  and  you 
would  discover  that  nearly  all  urban  crime  comes  from  boles  and 
eomers.  Similarly,  a  fanatical  advocate  of  total  abstineuee  or  of  sani* 
tary  improvement  could  get  equally  strong  statistical  justifications 
Ibr  his  belief.  But,  if,  not  accepting  the  random  inference  presented 
to  you,  that  ignorance  and  crime  are  cause  and  effect,  you  consider,  as 
above,  whetlier  crime  may  not  with  equal  reason  be  ascribed  to  various 
other  causes,  you  arc  led  to  see  that  it  is  really  connected  with  ao  in- 
Mrior  mode  of  life,  itself  usually  consequent  on  original  inferiority  of 
Tiature ;  and  you  are  led  to  see  that  ignorance  is  simply  one  of  the 
concomitants,  no  more  to  be  held  the  cause  of  crime  than  various 
other  concomitants* 

But  this  obvious  criticism,  and  the  obvious  counter-conclusion  it 
implies,  are  not  simply  overlooked,  but,  wiien  insisted  on,  seem  pow- 
erlesB  to  affect  the  belief  which  has  taken  possession  of  men.  Disap- 
pointmeut  alone  will  now  affect  it.  A  wave  of  opinion,  reaching  a  cer- 
taiii  height,  cannot  be  changed  by  any  evidence  or  argument,  but  has 

K  spend  itself  in  the  gradual  course  of  things  before  a  reaction  of 
inion  can  arise*  Otherwise  it  would  be  incompreheDsible  that  this 
confidence  in  the  curative  effects  of  teaching,  which  men  have  care- 
lessly allowed  to  be  generated  in  them  by  the  reiterations  of  doctrinaire 
politicians,  should  survive  the  direct  disproofs  yielded  by  daily  ex- 
pcjaeacc  Is  it  not  the  trouble  of  every  mother  and  every  governess, 
that  perpetual  insisting  on  the  right  and  denouncing  the  wrong  do  not 
ioilic^  ?  Is  it  not  the  constant  complaint  that  on  rnany  natures  reason- 
bg  aod  explanation  and  the  clear  demonstration  of  consequences  aro 
scarcely  at  all  operative ;  that  where  they  are  operative  there  is  a  more 
or  kfla  marked  difference  of  emotional  nature ;  and  that  where,  having 
before  iailed,  they  begin  to  succeed,  change  of  feeling  rather  than  differ- 
fooe  of  apprehension  is  the  cause  ?  Do  we  not  similarly  hear  from 
every  house-keeper  that  servants  usually  pay  but  little  attention  to  re- 

froofa  ;  that  they  go  on  perversely  in  old  habits,  regardless  of  clear 
ridence  of  their  foolishness ;  and  that  their  actions  are  to  be  altered 
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not  by  explanationB  and  reasottings,  but  hj  either  the  fear  of  penalties 
or  the  experience  of  penalties^ — tbat  is,  hj  the  emotions  awakened  in 
them  ?  When  we  turn  from  domestic  life  lo  the  life  of  the  outer  world, 
do  not  like  disproofs  everywhere  meet  ns  ?  Are  not  fraodulent  bank- 
rupts educated  people,  and  gettcrs-np  of  bubble- companies,  and  makers 
of  adulterated  goods,  and  users  of  false  trade-marks,  and  retailer*  who 
haire  light  weights,  and  owners  of  unseaworthy  ships,  and  those  who 
cheat  insurance-companies,  and  those  who  carry  on  turf-chicaoeriea, 
and  the  great  majority  of  gamblers  ?  Or,  to  take  a  more  extreme 
form  of  turpitude — is  there  not,  among  those  who  hare  committed 
murder  by  poison  within  our  memones,  a  considerable  number  of  the 
educated — a  number  bearing  as  large  a  ratio  to  the  educated  classes 
as  does  the  total  number  of  murderers  to  the  total  population? 

This  belief  in  the  maralizing  eftects  of  intellectual  culture,  flat)j 
contradicted  by  facts,  is  absurd  a  priori.  What  imaginable  connection 
is  there  between  the  learning  that  certain  clusters  of  marks  on  paper 
stand  for  certain  words  and  the  getting  a  higher  sense  of  duty  ?  Whit 
possible  effect  can  acquirement  of  facility  in  making  written  signs  of 
sounds  have  in  strengthening  the  desire  to  do  right?  How  doe» 
knowledge  of  the  multiplication-table,  or  quickness  in  adding  aiMl 
dividing,  so  increase  the  sympathies  as  to  restrain  the  tendency  ta 
trespass  against  fellow-creatures  ?  In  what  way  can  the  attainmeat 
of  accuracy  in  spelling  and  parsing,  etc.,  make  the  sentiment  of  jastiofi 
more  powerful  than  it  was ;  or  why  from  stores  of  geographical  in- 
formation, perse veringly  gained,  is  there  likely  to  come  increased  re- 
gard for  truth  ?  The  irrelation  between  such  causes  and  such  effect* 
is  almost  as  great  as  that  between  exercise  of  the  fingers  and  strength- 
ening of  the  legs.  Owe  who  should  by  lessons  in  Latin  hope  to  gin 
a  knowledge  of  geometry,  or  one  who  should  expect  practice  in  dniw»  i 
ing  to  be  followed  by  expressive  rendering  of  a  sonata,  wonld  be 
thought  fit  for  an  asylum  \  and  yet  he  would  be  scarcely  more  ina^ 
tional  than  are  those  who  by  discipline  of  the  iutellectnal  faculties  ex- 
pect to  produce  better  feelings. 

This  faith  in  lesson-books  and  readings  is  one  of  the  superstiti 
of  the  age.  Even  as  appliances  to  intellectual  culture,  books 
greatly  over-estimated.  Instead  of  second-hand  knowledge  being 
garded  as  of  less  value  than  first-hand  knowledge,  and  as  a  knowledj 
to  be  sought  only  where  first-hand  knowledge  cannot  be  had,  it 
actually  regarded  as  of  greater  value.  Something  gathered  fro* 
printed  pages  is  suppof^ed  to  enter  into  a  course  of  education ;  hut, 
if  gathered  by  observation  of  Life  and  Nature,  is  supposed  not  tbtu 
to  enter.  Reading  is  seeing  by  proxy — is  learning  indirectly  throflfb 
another  man's  faculties,  instead  of  directly  through  one^s  own  fceol* 
ties  *  and  such  is  the  prevailing  bias  that  the  indirect  leamtng  i» 
thought  preferable  to  the  direct  learning,  and  usurps  the  namerf 
ettjUvation  I    We  smile  when  told  that  savages  consider  writing  U 
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h  kind  of  magic :  and  we  laugh  at  tlie  story  of  the  negro  who  hid  a 

Better  umkr  a  stone,  that  it  might  not  inform  againet  him  when  he 
■devoured  the  fruit  he  was  sent  with.     Yet  tlie  current  notions  about 
Ibrinted   ioformation  betray  a  kindred  delusion:  a  kind  of  magical 
■eiffioacy  is  ascribed  to  Ideas  gained  through  artificial    appliances,  as 
bompared  with  ideas  otherwise  gained.     And  this  d^lusioHj  injurious 
nn  its  efects  eren  on  intellectual  culture,  produces  effects  still  more 
Hnjurious  on  moral  cultnre,  by  generating  the  assumption  that  thifl, 
poo,  can  be  got  by  reading  and  the  repeating  of  lessons, 
I      It  wilt,  I  know,  be  said  that  not  from  intellectual  teachings  but 
Hrom  moral  teaching,  are  improvemeot  of  conduct  and  diminution  of 
Icrime  looked  for.     While,  unquestionably,  many  of  those  who  urge  on 
leducational  schemes  believe  in  the  moralizing  effects  of  knowledge 
bn  general,  it  must  be  admitted  that  some  hold  general  knowledge  to 
roe    inadequate,  and    contend  that  rules  of  right  conduct  must  be 
taught.     Already,  however,  reasons  have  been  given  why  the  expec- 
tations even  of  these  are  illusory ;  proceeding,  as  they  do,  on  the  afi- 
gumption  that  the  intellectual  acceptance  of  moral  precepts  will  pro- 
duce conformity  to  them.     Plenty  more  reasons  are  forthcoming,     I 
will  not  dwell  on  the  contradictions  to  this  assumption  furnished  by 
the  Chinese,  to  all  of  whom  the  high  ethical  maxims  of  Confucius  are 
taught,  and  who  yet  fail  to  show  us  a  conduct  proportionately  exem- 
plary.   Nor  will  I  enlarge  on  the  lesson  to  be  derived  from  the  United 
States,  the  school-system  of  which  brings  up  the   whole   population 
nnder  the  daily  influence  of  chapters  which  set  forth  principles  of  right 
conduct,  and  which  nevertheless  in  its  political  life,  and  by  many  of 
its  social  occurrences,  shows  us  that  conformity  to  these  principles  is 
any  thing  but  complete.     It  will  suffice  if  I  limit  myself  to  evidence 
supplied  by  our  own  society,  past  and  present,  w^hich  negatives,  very 
decisively,  these  sanguine  expectation?.     For,  what  have  we  been  do- 
ing all  these  many  centuries  by  our  religious  agencies,  but  preaching 
right  principles  to  old  and  young?    What  has  been  the  aim  of  ser- 
vices in  our  ten  thousand  churches,  week  after  week,  but  to  enforce  a 
code  of  good  conduct  by  promised  rewards  and  threatened  penalties  ? 
— the  whole  population  having  been   for  many  generations  compelled 
to  listen.    What  have  Dissenting  chapels,  more  numerous  still,  been 
used  for,  unless  as  places  where  pursuance  of  right  and  desistance  from 
wrong  have  been  unceasingly  commended  to  all  from  childhood  up- 
ward ?    And  If  now  it  is  held  that  Bomelhing  more  must  be  done — 
if,  notwithstanding  perpetual  explanations  and  denunciations  and  ex- 
hortations, the  misconduct  is  so   great   that  society  is   endangered, 
why,  after  all  this  insistance  has  failed,  is  it  expected  that  more  insist- 
ance  will  succeed  ?    See  here  the  proposals  and  the  implied  beliefs. 
Teaching  by  clergymen  not  having  had  the  desired  effect,  let  us  try 
teaching  by  school-masters.    Bible-reading  from  a  pulpit,  with  the  ac^ 
rfompaniment  of  imposing  architecture,  painted  windows,  tombs,  and 
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**  dim  reltgiotu  tight,'*  haTtng  proved  inadeqaate,  suppose  we  tfj  Ubk- 
reading  m  rooms  with  bare  walls^  relieved  only  b  j  mapa  and  dnimgi 
of  animals.     Commands  and  interdicts,  altered  by  a  aurpliced  pikei 
to  minds  prepared  by  chant  and  organ-peal,  not  having  been  obeyed, 
lot  us  »ee  whether  they  will  be  obeyed  when  mechaiiically  repeatei 
in  ftchool-boy  sing-song  to  a  threadbare  nsher,  amid  the  boxz  of  less 
learning  and  clatter  of  slates.     No  very  hopeful  proposals,  one  wouli 
iay ;  proceeding,  as  they  do,  upon  one  or  other  of  the  beliefs,  lh»t  i 
moral  precept  will  be  effective  in  proportion  as  it  la  received  withoul 
emotional  accompaniment,  and  that  its  effectiveness  will  incieaie  in 
proportion  to  the  number  of  times  it  is  repeated.     Both  these  bdkft 
are  directly  at  variance  with  the  results  of  psychological  aiialpis  snd 
of  daily  experience.     Certainly,  snch  inflnence  as  may  be  gained  by 
addressing  moral  truths  to  the  intellect,  is  made  greater  if  th«  i^ 
oompanimentfi  arouse  an  appropriate  emotional  exoitement,  as  t  i^ 
ligioua  service  does  \  while,  conversely,  there  can  be  no  more  efiectitl2 
way  of  divesting  such  moral  truths  of  their  im press! veness,  than  at- 
Bociating  them  with  the  prosaic  and  vulgarizing  sonnds  and  sigbti 
and  smells  coming  from  crowded  children.     And  no  leaa  certain  »  it 
that  precepts,  often  heard  and  little  regarded,  lose  by  rtf petition  Um 
small   influence  they  ha<L     What   do    public-schools  show  us?— tf» 
the  boys  rendered  merciful  to  one  another  by  listening  to  religiooi 
injunotions  every  morning?    What  do  universities  show  na?— 4uift 
perpetual  chapels  habitually  made  undergraduates  behave  belter  ihan 
the  average  of  young  men?    What  do  catbedral-towna  show  usf— 
is  there  in  them  a  moral  tone  above  that  of  other  towns,  or  moit  wt 
ftrom  the  common  saying,  "  the  nearer  the  church,"  etc,  infer  a  pa^ 
vading  impression  to  the  contrary?     What  do  olergymeik^s sons fthtrr 
us  ? — has  constant  insistance  on  right  conduct  made  them  eonsp^ft- 
ously  superior,  or  do  we  not  rather  hear  it  whispered  thut  sooKi^aif 
like  an  opposite  effect  seems  produced.    Or,  to  take  one  mor^  am, 
what  do  religious  newspapers  show  us  ? — ^is  it  that  tht  prMCptt  rf 
Christianity,  more  familiar  to  their  writers  than  to  other  WTit6f%  iii 
]iiof«  dearly  to  be  traced  in  their  articles,  or  has  there  doI  ever  bitB 
displayed  a  want  of  chanty  in  their  dealings  with  opponentt,  wA  ii 
it  not  still  displayed  ?     Nowhere  do  we  find  that  repetition  of  nte 
of  fight,  already  known  but  disregarded,  pcodooea  regaul  lior  thas; 
bat  we  find  that,  eontrarlwise,  It  oiakea  the  r^mid  for  dieni  kss  thii 


The  prevailiBg  asaomptiou  ia,  indeed,  as  moeh  disproved  by  sd^ 
M  as  it  is  eoamdieled  \ff  fiumUar  facts.  Already  we  have  seca  Ail 
llie  eonatelkMi  Is  bttwea  Sictioii  and  feeling ;  u»d  b^iee  the  eofoIlBK 
Ikal  oaly  by  4  fireqncAt  pasaiiig  of  leehng  into  adioii  ia  tbe  tsBteiy 
Iti  w^A  actKA  itiettglhMrf>  iwSL  as  two  idew  qUmi  iqiigisi  ii  • 
afditr  hteeie  ea^ntsai  ia  Ikal  ocder;  aad  jim  m 
,  at  tnl  dWedl  i»  aoiabiM  prapcriy  with  oo 
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prith  guidiDg  perceptions,  become  by  practice  facile,  and  at  length  au- 

Bomatic  ;  so  the  recurring  production  of  any  conduct  by  its  prompting 

knotion  makes  that  conduct  relatively  easy.     Kot  by  precept,  though 

Hieard  daily  ;  not  by  example,  unless  it  is  followed  ;  but  only  by  action, 

often  caused  by  the  related  feelings  can  a  moral  habit  be  formed.   And 

yet  this  truth,  which  Mental  Science  clearly  teaches,  and  which  is  in 

harmony  with  familiar  eayingSj  is  a  truth  wholly  ignored  in  current 

educational  fanaticisms. 

There  is  ignored,  too,  the  correlative  truth ;  and  ignoring  it  threat* 
eos  results  still  more  disastrous.  While  we  see  an  expectation  of  ben- 
efits which  the  meana  used  cannot  achieve,  we  see  no  consciousness  of 
injuries  which  will  be  entailed  by  these  means.  As  usually  happens 
with  those  absorbed  in  the  eager  pursuit  of  some  good  by  govern- 
mental action,  there  is  a  blindness  to  the  evO  reaction  on  the  natures 
of  citizens.  Already  the  natuies  of  citizens  Lave  suffered  from  kin- 
dred reactions,  due  to  actions  set  up  centuries  ago  j  and  now  the  mis- 
cMevous  effects  arc  to  be  increased  by  further  such  reactions* 

The  English  people  are  complained  of  as  improvident.  Very  few 
of  them  lay  by  in  anticipation  of  times  when  work  is  slack ;  and  the 
general  testimony  is  that  higher  wages  commonly  result  only  in  more 
extravagant  living  or  in  drinking  to  greater  excess.  As  we  saw  a 
while  since,  they  neglect  opportunities  of  becoming  shareholders  in 
the  companies  they  are  engaged  under;  and  those  who  are  most  anx- 
ious for  their  welfare  despair  on  finding  bow  little  they  do  to  raise 
themselves  when  they  have  the  means.  This  tendency  to  seize  imme- 
diate gratification  regardless  of  future  penalty  is  commented  on  as 
characteristic  of  the  English  people  ;  and,  contrasts  between  them  and 
their  Continental  neighbors  having  been  drawn,  surprise  is  expressed 
that  such  contrasts  should  exist.  Improvidence  is  spoken  of  as  an  in- 
explicable trait  of  the  race — no  regard  being  paid  to  the  fact  that 
races  with  which  it  is  compared  are  allied  in  blood.  The  people  of 
Norway  are  economical  and  extremely  prudent.  The  Danes,  too,  are 
thrifty ;  and  Defoe,  commenting  on  the  extravagance  of  his  countrymen, 
Bays  that  a  Dutchman  gets  rich  on  wages  out  of  which  an  Englishman 
bat  just  lives.  So,  too,  if  we  take  the  modern  Germans,  Alike  by 
the  complaints  of  tho  Americans,  that  the  Germans  are  ousting  them 
from  their  own  businesses  by  working  hard  and  living  cheaply,  and  by 
the  success  here  of  German  traders  and  the  preference  shown  for  Ger- 
man waiters,  we  are  taught  that  in  other  divisions  of  the  Teutonic  race 
there  is  nothing  like  this  lack  of  self-control.  Nor  can  we  ascribe  to 
such  portion  of  Norman  blood  as  exists  among  us  this  peculiar  trait :  de- 
scendants of  the  Normans  in  France  are  industrious  and  saving.  Why, 
then,  should  the  English  people  be  improvident  ?  If  wo  seek  explana- 
tion in  their  remote  lineage,  we  find  none;  but,  if  we  seek  it  in  the 
social  conditions  to  which  they  have  been  subject,  we  find  a  sufficient 
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explanation.    The  English  are  improvident  beoaiue  they  hare  been 
for  ages  disciplined  in  improvidence.     Extravagance  baa  been  midt 
habitual  by  shielding  them  from  the  sharp  penalties  extraraganoe 
brings.     Carefulness  has  been  discoaraged  by  continually  fihowing  to 
the  careful  that  those  who  were  careless  did  as  well  as,  or  better  than, 
themselves*     Nay,  there  have  been  positive  penalties  on  carefulnett. 
Laborers  working  hard  and  paying  their  way  have  constantly  foiud 
themselves  called  on  to  help  in  supporting  the  idle  around  them  ;  bare 
had  their  goods  taken  under  distresB-warrants  that  paupera  might  be 
fed;  and  eventually  have  found  themselves  and  their  children  reduced 
also  to  pauperisnu     Well-conducted  poor  women,  sapporttng  them- 
selves without  aid  or  encouragement,  have  seen  the  ill-conducted  re- 
ceiving parish'pay  for  their  illegitimate  children.     Kay,  to  such  ei* 
tremes  has  the  process  gone,  that  women  with  many  UlegitiJiisie 
children,  getting  from  the  rates  a  weekly  sum  for  each,  have  be«ii 
chosen  as  wives  by  men  who  wanted  the  sums  thus  derived  !     Genen^ 
tion  after  generation  the  honest  and  independent,  not  marrying  tttt 
they  had  means,  and  striving  to  bring  up  their  familiea  without  assbl- 
ance,  have  been  saddled  with  extra  burdens,  and  hindered  from  lesT* 
ing  a  desirable  posterity;  while  the  dissolute  and  the  idle,  especially 
when  given  to  that  lying  and  servility  by  which  those  in  authonty  t»« 
deluded,  have  been  helped  to  produce  and  to  rear  progeny,  charafr 
terized,  like  themselves,  by  absence  of  the  mental  traits  needed  im 
good  citizenship.     And  then,  after  centuries  during  which  we  hifi 
been  breeding  the  race  as  much  as  possible  from  the  improvident,  %ui 
repressing  the  multiplication  of  the  provident,  we  lift  our  handi  taJ 
exclaim  at  the  recklessness  our  people  exhibit  I     If  men,  who,  for* 
score  of  generations,  had  by  preference  bred  from  their  worft4«ft» 
pered  horses  and  their  least-sagacious  dogs,  were  then  to  wor> 

cause  their  horses  were  vicious  and  their  dogs  stupid,  we  shouIU  . - 

the  absurdity  of  their  policy  paralleled  only  by  the  absurdity  of  tWr 
astonishment  \  but  human  beitigs  instead  of  inferior  animals  being  ii 
question,  no  absurdity  is  seen  either  in  the  policy  or  in  the  astonitb* 
ment. 

And  now  something  more  serious  happens  than  the  overlooking  of 
these  evils  wrought  on  men^B  natures  by  centuries  of  dcmoralinof  !»* 
fluencet.  We  are  deliberately  establishing  further  such  influenecsi 
Having,  as  much  as  we  could,  suspended  the  civilixing  discipline  of 
an  industrial  life  so  carried  on  as  to  achieve  self-maintenance  without  ffl' 
jury  to  others,  wo  now  proceed  to  suspend  that  civiliring  d  ^ 

another  direction.  Having  in  successive  generations  done 
diminish  the  sense  of  responsibility,  by  warding  o^  evils  which  diirt- 
gan!  of  responsibility  brings,  we  now  carry  the  policy  further  byi*" 
lioving  parents  from  certain  other  responsibilities  which,  in  the  orto 
of  Nature,  fall  on  them.  By  way  of  checking  reckleasneas,  and  ^ 
coumging  improvident  marriagea,  and  raaaing  the  coQceptko  of  dotf » 
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are  diffasing  the  belief  that  it  la  not  the  conoem  of  parents  to  fit 

lieir  children  for  the  business  of  life ;  but  that  the  nation  is  bound  to 
this.  Everywhere  there  is  a  tacit  enunciation  of  the  marvel  Ions 
citrine  that  citizens  are  not  resjionsible  individually  for  the  bringing 
up  each  of  his  own  cbildreiij  but  that  these  same  citizens,  incorporated 
into  a  society,  are  each  of  them  responsible  for  the  bringing  up  of 
everybody  else^s  children  1  The  obligation  does  not  fall  upon  A  in 
his  capacity  of  father  to  rear  the  minds  as  well  as  the  bodies  of  hie 
offspring ;  but  in  his  capacity  of  citizen  there  does  fall  on  him  the  ob- 
ligation of  mentally  rearing  the  offspring  of  B,  C,  D,  and  the  rest,  who 
similarly  have  their  direct  parental  obligations  made  secondary  to 
their  indirect  obligations  to  children  not  their  own  !  Already  it  is 
estimated  that,  as  matters  are  now  being  arranged,  parents  will  soon 
pay  in  school-fees  for  their  own  children  only  one-sixth  of  the  amount 
which  is  paid  by  them  through  taxes,  rates,  and  voluntary  contribu- 
tions, for  children  at  large:  in  terms  of  money,  the  claims  of  children 
at  large  to  their  care  will  be  taken  as  six  times  the  claim  of  their  own 
children !  And,  i^  looking  back  forty  years,  we  obserre  the  growth 
of  the  pnblic  claim  versus  the  private  claim,  we  may  infer  that  the 
private  claim  will  presently  be  absorbed  wholly.  Already  the  correl- 
ative theory  is  becoming  so  definite  and  positive  that  yon  meet  with 
the  notion,  uttered  as  though  it  were  an  unquestionable  truth,  that 
criminals  are  "  society's  failureSt'*  Presently  it  wiU  be  seen  that,  since 
good  bodily  development,  as  weO  as  good  mental  development,  is  a 
prerequisite  to  good  citizenship  (for  without  it  the  citizen  cannot  main- 
lain  himself,  and  so  avoid  wrong-doing),  society  is  responsible  also  for 
the  proper  feeding  and  clothing  of  children  :  indeed,  in  school-board 
discussions,  there  is  already  an  occasional  admission  that  no  logically* 
defensible  halting-place  can  be  found  between  the  two.  And  so  we 
are  progressing  toward  the  wonderful  notion,  here  and  there  finding 
tacit  expression,  that  people  are  to  marry  when  they  feel  inclined,  and 
other  people  are  to  take  the  consequences ! 

And  this  is  thought  to  be  the  policy  conducive  to  improvement  of 
behavior.  Men  who  have  been  made  improvident  by  shielding  them 
&om  many  of  the  evil  results  of  improvidence  are  now  to  be  made 
mor€  provident  by  further  shielding  tbem  from  the  evil  results  of  im- 
providence. Having  had  their  self-control  decreased  by  social  ar- 
rangements which  lessened  the  need  for  self-controJ,  other  social  ar- 
rangements are  devised  which  will  make  self-control  still  less  needful : 
and  it  is  hoped  so  to  make  self-control  greater.  This  expectation  is 
absolutely  at  variance  with  the  whole  order  of  things.  Life  of  eyery 
kind,  human  included,  proceeds  on  an  exactly-opposite  principle.  All 
lower  types  of  beings  show  us  that  the  rearing  of  offspring  affords  the 
highest  discipline  for  the  faculties.  The  parental  instinct  m  every- 
where that  which  calls  out  the  energies  most  persistently,  and  in  the 
<rroate8t  degree  exercises  the  intelligence.    The  self-sacrifice  and  the 
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sagacity  which  mferior  creatiireB  display  in  the  care  of  thmr  yoaag 
are  often  commented  opon ;  and  every  one  may  see  that  parenthood 
produces  a  mental  exaltation  not  otherwise  producible.  That  it  is  fo 
among  mankind  is  daily  proved.  Continually  we  remark  that  men 
who  were  random  grow  steady  when  they  hare  children  to  proviik 
for;  and  vain,  thoughtless  girls,  becoming  mothers,  begin  to  ehov 
higher  feelings,  and  capacities  that  were  not  before  drawn  oat.  In 
both  there  is  a  daily  discipline  in  unselfishness,  in  industry,  in  fore^ 
sight*  The  parental  relation  strengthens  from  hoar  to  hour  the  habit 
of  postponing  immediate  ease  and  egoistic  pleasure  to  the  altroisUe 
pleasure  obtained  by  furthering  the  welfare  of  offspring.  There  is  a 
frequent  subordination  of  the  claims  of  self  to  the  claims  of  ftfUow* 
beings  ;  and  by  no  other  agency  can  the  practice  of  this  sabordinatian 
be  so  effectually  secured  Not,  then,  by  a  decreased,  but  by  aa  ia- 
oreased,  sense  of  parental  responsibility  is  self-control  to  be  made 
greater  and  recklessness  to  be  checked*  And  yet  the  policy  naw  io 
earnestly  and  undoubtingly  pursued  is  one  which  will  inevitably  di- 
minish the  sense  of  parental  responsibility*  This  all-imporUnt  di»* 
cipline  of  parents^  emotions  is  to  be  weakened  that  children  may  get 
reading,  and  grammar,  and  geography,  more  generally  than  they  would 
otherwise  do«  A  superficial  intellectualization  is  to  be  secured  at  tbe 
cost  of  a  deep<seated  demoralization. 

Few,  I  suppose,  will  deliberately  assert  that  information  b  impof- 
tant  and  character  relatively  unimportant.  Every  one  obserrei  boB 
time  to  time  how  much  more  valuable  to  himself  and  othen  ia  tk 
workman  who,  though  tmable  to  read,  is  diligent,  sober,  and  honeit, 
than  is  the  well-taught  workman  who  breaks  his  eogageoienta, 
days  in  drinking,  and  neglects  his  family.  And,  eompaiing 
of  the  upper  olaaaes,  no  one  doubts  that  the  spendthrift  or  the  | 
bier,  however  good  his  intellectual  training,  is  inferior  aa  a  aocial 
to  the  n^n  who,  not  having  passed  through  the  approved 
neTertheleaa  proapers  by  performing  well  the  work  he  iuidertakii,aad 
praiidea  for  his  children  instead  of  leaving  them  in  povetty  to  tba 
care  of  relatives.  That  is  Io  say,  looking  at  the  matter  in  the  eos- 
crete,  all  see  that,  for  social  welfare,  good  character  is  more  xmpcatMt 
than  much  knowledge.  And  yet  the  mamfeat  corollary  is  noC  draws. 
What  effect  will  be  produced  on  character  by  artificial  appbancM  itt^ 
tpreading  knowledge  is  not  asked«  Of  the  ends  to  be  kept  in  vivwte 
tlbe  legislator,  aU  are  nnimportant  compared  with  the  end  *  of  dM 
aeler^nakjiig;  and  yet  charaeter-making  ia  an  end  wboUy  narMfl 

Lei  it  be  ^een  tl^t  the  futurs  of  a  nation  depends  on  tlie  MMfl 
of  its  units ;  that  their  natnros  an  inevitably  modified  in  adsfttlM 
to  the  eanditions  in  which  tbey  are  placed ;  that  the  leelinfi  eslH 
into  play  by  these  conditions  will  strengthen,  while  tkoae  wUeh  lifi 
diminiahed  demands  on  them  wQl  dwindle;  and  it  mil  be  seen  tM 
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be  bettering  of  conduct  can  be  effected,  not  by  insistmg  on  maxims 
good  conduct,  Btill  less  by  mere  intellectual  culture,  but  only  by 
%t  daily  exercise  of  the  higher  sentiments  and  repression  of  the 
rer,  which  results  from  keeping  men  subordinate  to  the  requirements 
of  orderly  social  life — ^letting  them  suffer  the  inevitable  penalties  of 
aking  these  requirements,  and  reap  the  benefits  of  conforming  to 
^ZEL    This  alone  is  national  education. 


A  NATIONAL  UNIVERSITY.' 

Br  CHARLES  W*  ELIOT, 


ITUKN  next  to  my  third  topic,  the  true  policy  of  our  goyernment 
as  regards  university  instruction.  In  almost  all  the  w^ritings  about 
n  nation^s  university,  and  of  course  in  the  two  Senate  bills  now  under 
discussion,  there  will  be  found  the  implication,  if  not  the  express  as- 
sertion, that  it  is  somehow  the  duty  of  our  government  to  maintain  a 
magoificent  university.  This  aseumption  is  the  foundation  upon  which 
rest  the  ambitious  projects  before  us,  and  many  similar  schemes.  Let 
mo  try  to  demonstrate  that  the  foundation  is  itself  unsound. 

The  general  notion  that  a  beneficent  government  Bhould  provide 
and  control  an  elaborate  organization  for  teaching,  just  as  it  maintains 
an  army,  a  navy,  or  a  post-office,  is  of  European  origin,  being  a  legiti- 
mate corollary  to  the  theory  of  government  by  divine  right.  It  ifl 
said  that  the  state  is  a  person  having  a  conscience  and  a  moral  respon- 
eibiliiy ;  that  the  government  is  the  visible  representative  of  a  peo- 
ple's civilization,  and  the  guardian  of  its  honor  and  its  morals,  and 
should  be  the  embodiment  of  all  that  is  high  and  good  in  the  people's 
character  and  aspirations.  This  moral  person,  this  corporate  repre- 
aentative  of  a  Christian  nation,  has  high  duties  and  functions  com- 
mensurate with  its  great  powers,  and  none  more  imperative  than  that 
of  diffusing  knowledge  and  advancing  science. 

I  desire  to  state  this  argument  for  the  conduct  of  high  educational 
institutions  by  government,  as  a  matter  of  abstract  duty,  with  all  the 
force  wbicli  belongs  to  it ;  for,  under  an  endless  variety  of  thin  die- 
guises,  and  with  all  sorts  of  amplifications  and  dilutions,  it  is  a  staple 
commodity  with  writers  upon  the  relation  of  government  to  educa- 
tion.    The  conception  of  government  upon  which  this  argument  is 

*  doting  Afgument  of  ft  report  by  President  Eliot  to  tbe  Kationfti  £ducfttl<niiil  Aiso- 
ciation  At  it«  recent  eeaaion  in  Elmirm.  The  first  pnrt  of  the  report  giree  an  account  of 
what  hod  been  done  by  tbe  Association  about  tbe  project  of  a  national  university  since 
1899 ;  and  the  second  part  examinea  tbe  two  biHa  on  the  subject  wblcb  wert'  brought 
Mbre  Oongresa  In  1872. 
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baeed  is  obeoleBcent  everywhere.     In  a  free  comnmnity  the  g<nn9| 
ment  does  not  hold  this  parental,  or  patriarchal — I  should  better  say 
godlike—  position,     Onr  government  is  a  group  of  servants  appointed 
to  do  certain  difKoult  and  important  work.     It  is  not  the  guardian  of 
the  nation's  morals ;  it  does  not  necessarily  represent  the  best  virtue 
of  the  republic,  and  is  not  responsible  for  the  national  character^  being 
Itself  one  of  the  products  of  that  character.    The  doctrme  of  state 
personality  and  conscience,  and  the  whole  argument  of  the  dignity 
and  moral  elevation  of  a  Christian   nation^s  government  as  the  baais 
of  government  duties,  are  natural  enough  under  grac^-of-Ood  gov- 
emmentB,  but  they  find  no  ground  of  practical  application  to  modem 
republican  confederations ;  they  have  no  bearing  on  goyermneota  oom- 
sidered  as  purely  human  agencies  with  defined  powers  and  limited  re- 
sponsibilities.    Moreover,  for  most  Amencans  these  arguments  prove 
a  great  deal  too  much ;  for,  if  they  have  the  least  tendency  to  persuade 
us  that  government  should  direct  any  part  of  secular  education,  with 
how  much  greater  force  do  they  apply  to  the  conduct  by  govemmeal 
of  the  religious  education  of  the  people  I    These  propositions  are,  in- 
deed, the  main  arguments  for  an  established  church.     Religion  is  tbe 
supreme  human  interest,  government  is  the  supreme  human  organia- 
tion ;  therefore,  government  ought  to  take  care  for  religion,  and  % 
Christian  government  should  maintain  distinctively  Christian  religiooi 
institutions.     This  is  not  theory  alone ;  it  is  the  practice  of  all  Christen- 
dom, except  in  America  and  Switzerland.     Now,  we  do  not  admit  it 
to  be  our  duty  to  establish  a  national  church.     W©  believe  not  only 
that  our  people  are  more  religious  than  many  nations  which  have  es* 
tablished  cliurches,  but  also  that  tliey  are  far  more  religious  under 
their  own  voluntary  system  than  they  would  be  under  any  government 
establishment  of  religion.     We  do  not  admit  for  a  moment  that  estab- 
lishment or  no  establishment  is  synonymous  with  national  piety  <*f 
impiety.     Now,  if  a  beneficent  Christian  government   may  rightly 
leave  the  people  to  provide  themselves  with  religious   institutions, 
surely  it  may  leave  them  to  provide  suitable  nnivcrsitiea  for  the  edti- 
cation  of  their  youth.    And  here  again  the  question  of  national  uni- 
versity or  no  national  university  is  by  no  means  synonymous  with  the 
question,  Shall  the  country  have  good  university  education  or  not? 
The  only  question  is,  Shall  we  have  a  university  supported  and  eoih 
trolled  by  government,  or  shall  we  continue  to  rely  upon  univcrsitSei 
supported  and  controlled  by  other  agencies  ? 

There  is,  then,  no  foundation  whatever  for  the  assumption  that  it 
is  the  duty  of  our  government  to  establish  a  national  university.  I 
venture  to  state  one  broad  reason  why  our  government  should  not  e^ 
tablish  and  maintain  a  university.  If  the  people  of  the  United  Statee 
have  any  special  destiny,  any  peculiar  function  in  the  world,  it  is  to 
try  to  work  out  under  extraordinarily  favorable  circumstances  thi 
problem  of  free  institutions  for  a  heterogeneous,  rich,  moliitudiaM^ 
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populntioD,  spread  over  a  vast  territory.  We,  indeed,  want  to  breed 
Bcholars,  artists,  poets,  bistorianSj  novelists,  engineers,  physicianSj 
jurists,  tbeologiana,  and  orators  j  but,  first  of  all,  we  want  to  breed  a 
race  of  independent,  self-reliant  freemen,  capable  of  helping,  guiding, 
and  governing  tbemselves.  Now,  tbe  habit  of  being  helped  by  the 
government,  even  if  it  be  to  things  good  in  themselves — to  churches, 
universitiea,  and  railroads — is  a  most  insidious  and  irresistible  enemy 
of  repablieanism ;  for  the  very  essence  of  republicanism  is  self-reliance. 
With  the  Continental  nations  of  Europe  it  is  an  axiom  that  the  gov- 
ernment is  to  do  every  thing,  and  is  responsible  for  every  thing*  The 
French  have  no  word  for  "  public  spirit,"  for  the  reason  that  the  sen- 
timent is  unknown  to  them.  This  abject  dependence  on  the  govern- 
ment is  an  accursed  inheritance  from  the  days  of  the  divine  riglit  of 
kings.  Americans,  on  the  contrary,  raaintain  precisely  the  opposite 
theory — namely,  that  governmei|t  is  to  do  nothing  not  expi'essly  aa- 
aigned  it  to  do,  that  it  is  to  perform  no  function  which  any  private 
mgency  can  perform  as  well,  and  that  it  is  not  to  do  a  pnbEc  good 
even,  unless  that  good  be  otherwise  unattainable.  It  is  hardly  too 
mnch  to  say  that  this  doctrine  is  the  foundation  of  our  public  liberty. 
So  long  as  the  people  are  really  free  they  will  maintain  it  in  theory 
and  in  practice.  During  the  war  of  the  rebellion  we  got  accustomed 
to  seeing  the  government  spend  vast  sups  of  money  and  put  forth 
vast  effbrta,  and  we  asked  ourselves,  Why  should  not  some  of  these 
great  resources  and  powers  be  applied  to  works  of  pence,  to  creation 
aa  well  as  to  destruction?  So  we  subsidized  railroads  and  steamship 
companies,  and  agricultural  colleges,  and  now  it  is  proposed  to  sub- 
ddize  a  university.  The  fatal  objection  to  this  subsidizing  process  is 
that  it  saps  tbe  foundations  of  public  liberty.  The  only  adequate  se- 
curities of  public  liberty  are  tbe  national  habits,  traditions,  and  char- 
acter, acquired  and  accumulated  in  the  practice  of  liberty  and  self- 
eontroL  Interrupt  these  traditions,  break  up  these  habits  or  cultivate 
the  opposite  ones,  or  poison  that  national  character,  and  public  liberty 
will  suddenly  be  found  defenceless.  We  deceive  ourselves  danger* 
coaly  when  we  think  or  speak  as  if  education,  whether  primary  or 
university,  could  guarantee  republican  institutions.  Education  can 
do  no  such  thing.  A  republican  people  should,  indeed,  be  educated 
and  intelligent  5  but  it  by  no  means  follows  that  an  educated  and  in- 
^dligent  people  will  be  republican.  Do  I  seem  to  conjure  up  imaginary 
^Bls  to  follow  from  this  beneficent  establishment  of  a  superb  national 
university?  We  teachers  should  be  the  last  people  to  forget  the 
sound  advice — obsta  principns.  A  drop  of  water  will  put  out  a  spark 
which  otherwise  would  have  kindled  a  conflagration  that  rivers  could 
not  quench. 

Let  us  cling  fast  to  the  genuine  American  method — ^the  old  Massachu- 
setts method — in  the  matter  of  public  instruction.  The  essential  feat- 
ures of  that  system  are  local  taxes  for  universal  elementary  education 
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YOted  by  the  citisEens  themselyeBi  local  elective  boanls  to  spend  llie  Wfsmf 
raised  by  taxation  and  control  the  schools,  and  for  the  highirr  grefa 
of  infttruction  pennanent  endowments  administered  by  ineoi 
bodies  of  tniBtees.  This  is  the  American  voluntary  system,  is 
contrast  with  the  military,  despotic  organization  of  public  iDatmcttaii 
which  prevails  in  Prussia  and  most  other  states  of  Continent^  Ettropa 
Both  systems  have  peculiar  advantages,  the  crowning  adraatige  of 
the  American  method  being  that  it  breeds  freemem  Our 
well  understood  the  principle  that,  to  make  a  people  free  and  ietf-r^ 
liaut,  it  is  necessary  to  let  them  take  care  of  themselTea,  erea  if  Ibrj 
do  not  take  quite  as  good  care  of  themselves  as  some  aapmor  povcr 
might. 

And  now,  finally,  let  us  ask  what  should  make  a  nniTerstly  at  tk 
capital  of  the  United  States,  established  and  supported  by  the  Geo* 
eral  Oovemment,  more  national  than  any  other  Amenean  tmirerutj. 
It  might  be  larger  and  richer  than  any  other,  and  it  might  nul  be; 
but  certainly  it  could  not  have  a  monopoly  of  patrioLism  or  of  catho 
Ilcity,  or  of  literary  or  scientific  enthusiasm.     There  are  an  atS»etift 
comprehensiveness  and  a  snggestion  of  public  spirit  and  lore  of  eow- 
try  in  the  term  "  national ;  '*  but,  after  all,  the  adjective  only  vxmm 
and  belittles  the  noble  conception  contained  in  the  word  **  mJTeiwty,*' 
Letters,   science,  art,  philosophy,   medicine,  law,  and  theoloi"*    i^' 
larger  and  more  enduring  than  nations.    There  is  aometbing 
in  this  uneasy  hankering  for  a  big  university  in  Amenea,  aa  tht^  i» 
aho  in  that  impatient  longing  for  a  distinctive  American  Utentse 
which  we  ao  often  hear  expressed.     As  American  life  grows  mm 
various  and  richer  in  sentiment,  passion,  thought,  and  accnotmlai^  <^ 
perience,  American  literature  will  become  richer  and  more  ab(MUidiq( 
and  in  that  better  day  let  us  hope  that  there  will  be  foniid  wrwal 
umversities  in  America,  though  by  no  means  one  in  each  Slal^Mfre^ 
liberal,  rich,  national,  and  glorioua^  aa  the  warmest  advocate  «f  i 
single  crowning  university  at  the  national  capital  ooold  imag&i*  kii 
desired  institution  to  become. 


To 


AGAS8IZ  AND  DABWINISM. 

Bt  JOHN  FISKB, 
BicnrrLV  Lxcf^xxa  oir  roiLotoPHT  a.t  iuataso  innnaMtr. 

ITE  Friday  morning,  a  few  weeks  ago,  as  I  was  looking  offf  1i^ 
NcUion^  my  eye  fell  upon  an  advertisement,  inserted  hf  ^ 
^'^rietors  of  the  Ntui-York  THbune^  announcing  the  final  d^^t^^ 
f  Darwinism.    What  especially  riveted  my  attention  was  i 
atyle  of  the  announcement:  **The  Darwinian  Theory ott4' 
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molished  "  (or  words  to  that  effect)  "  by  Agassiz  ILlmself  !  "  Whether 
from  accident  or  deaign,  tlie  type-setter's  choice  of  Roman  capitals 
was  very  happy.  Upon  many  readers  the  efft^ct  must  have  been  ire* 
mendous ;  and  quite  possibly  there  may  be  some  who,  without  further 
investigation,  will  carry  to  their  dying  day  the  opinion  tliat  it  is  all 
over  with  the  Darwinian  theory,  since  "  Agassia  Himself''  has  re- 
fated  It. 

Upon  me  the  effect  was  such  as  to  make  me  lay  down  my  paper 
and  ask  myself:  Can  it  bo  that  we  have,  after  all,  a  sort  of  scientific 
pope  among  us?  Has  it  come  to  thig,  that  the  dicta  of  some  one 
"servant  and  interpreter  of  Nature  ^'  are  to  be  accepted  as  final,  even 
against  the  better  judgment  of  the  majority  of  his  compeers?  In 
shorty  who  is  Agassiz  himself,  that  he  should  thus  single-handed 
have  demolished  the  stoutest  edifice  which  observation  and  deduc- 
tion have  reared  since  the  day  when  Newton  built  to  such  good  pur- 
pose? 

Prot  Agassiz  is  a  naturalist  who  is  justly  worM-renowned  for  his 
achievements.  His  contributions  to  geology,  to  paleontology,  and  to 
systematic  zoology,  have  been  such  as  to  place  him  in  a  very  high  rapk 
among  contemporary  naturalists.  Not  qidte  in  the  highest  place,  I 
fthould  say ;  for,  apart  from  all^questions  of  theory,  it  is  probable  that 
Mr.  Dai-win's  gigantic  industry,  his  wonderful  thoroughnei^s  and  ac- 
curacy as  an  observer,  and  his  unrivalled  fertility  of  suggestion,  will 
cause  him  in  the  future  to  be  ranked  along  with  Aristotle,  Linnams, 
and  Cuvier;  and  upon  tliis  high  level  we  cannot  place  Prof.  Agassiz, 
leaving  Mr,  Darwin  out  of  the  account,,  we  may  say  that  Prof.  Agas- 
siz stands  in  the  first  rank  of  contemporary  naturalisls.  But  any  ex- 
ceptional supremacy  in  this  first  rank  can  by  no  means  be  claimed  for 
him.  Both  for  learning  and  for  sagacity,  the  names  of  Gray,  Wyman, 
Huxley,  Hooker,  Wallace,  Lubbock,  Lyellj  Vogt,  Haeckel,  and  Gegcn- 
bftur,  are  quite  as  illustrious  as  the  name  of  Agassis ;  and  we  may 
note,  in  passing,  that  these  are  the  names  of  men  who  openly  indorse 
and  defend  the  Darwinian  theory. 

Possibly,  however,  there  are  some  who  will  not  be  incliued  to  ac- 
cept the  estimates  made  in  the  foregoing  paragraph.  No  doubt  there 
are  many  people  in  this  country  w^ho  have  long  accustomed  themselves 
to  regard  Prof.  Agassiz  not  simply  as  one  among  a  dozen  or  twenty 
living  naturalists  of  the  highest  rank,  but  as  occupying  a  solitary  po- 
tion as  the  greatest  of  all  living  uaturalists — as  a  kind  of  second 
ivier,  for  example.  There  is,  to  the  popular  eye,  a  halo  about  the 
Same  of  Agassiz  which  there  is  not  about  the  name  of  Gray ;  though, 
if  there  is  any  man  now  living  in  America,  of  whom  America  might, 
BStly  boast  as  her  chief  ornament  and  pride,  so  far  as  science  is  con- 
ned, that  man  is  unquestionably  Prof.  Asa  Gray.  Now,  this 
greater  popular  fame  of  Agassiz  is  due  to  the  fact  that  he  is  a  Euro- 
pean who  cast  in  his  lot  with  us  at  a  time  when  we  were  wont  to  over- 
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rate  foreign  importations  of  whateyer  eort*  As  a  Europeao,  t! 
fore,  he  outshines  such  men  as  Profs.  Gray  and  Wyman,  and,  as  a 
whom  we  know,  he  outshines  other  Europeans,  Uke  Haeckel  and  Ge- 
genbanr,  whose  acquaintance  we  happen  not  to  have  made ;  just  ift 
Kubinsteini  whose  fame  has  filled  the  American  newspapers,  oatsKistf 
Billow  (probably  his  equal  as  a  pianist),  who  has  not  yet  iriaited  diis 
country.  In  this  way  Prof.  Agassiz  has  acquired  a  reputation  in 
America  which  is  greater  than  his  reputation  in  Europe,  and  which  i* 
greater  than  his  achievements — admirable  as  they  are — would  be  able, 
on  trialf  to  sustain. 

And  now  I  come  to  my  first  point.     Admitting  for  ProC  Agiiwf 
all  the  wonderful  greatness  as  a  naturalist  with    which   the  vagnt 
Bentiments  of  the  uneducated  multitude  in  this  country  would  accredit 
him  ;  admitting^  in  other  words,  that  he  is  the  greatest  of  naloralurti^ 
and  not  one  among  a  dozen  or  twenty  equals ;  it  most  still  be  isked, 
why  should  his  rejection  of  Darwinism  be  regarded  as  eoncluiiTttj 
fatal  to  the  Darwinian  theory  ?    The  history  of  science  supptiet  bi 
with  many  an  instance  in  which  a  new  and  unpopuhir  theory  has  been 
vehemently  opposed  by  those  whom  one  would  at  first  suppose  oiort 
competent  to  judge  of  its  merits,  and  has  nevenheless  gained  ikeTi^ 
tory.     Dr.  Draper  brings  a  terrible  indictment  against  Bacon  far  re- 
jecting the  Copernicau  theory,  and  refosing  to  profit  h\ 
eries  of  Gilbert  in  magnetism.     This  should  not  be  allowi 
from  Bacon's  real  greatness,  any  more  than  the  rejection  of  Danritwa 
should  be  allowed  to  detract  from  the  real  merit  of  Agassis.   Great  mcfl 
must  be  measured  by  their  positive  achievements  rather  than  by  tM' 
negative  shortcomings,  otherwise  they  might  all  have  to  step  do^ 
theii*  pedestals.  Leibnitz  rejected  Newton's  law  of  gravitation ;  \ 
saw  nothing  but  foolishness  in  Aselli's  discovery  of  the  lacieals ; 
die  ridiculed  the  great  work  in  which  the  younger  Geofiroy  S 
began  to  investigate  the  conditions  of  nutrition  which  dt< 
birth  of  monsters ;  and  when  Young,  Fresnel,  and  Malus,  oot 
the  demonstration  of  that  undulatory  theory  of  light  which  hai  au'i« 
their  names  immortal,  Laplace,  nevertheless,  the  greatest  matbttiBtti* 
eian  of  the  age,  persisted  until  his  dying  day  in  heaping  cotilxiiDrlj 
upon  these  eminent  men  and  upon  their  argomenta.     Nay,  evwi  Cu* 
Tier — the  teacher  whom  Prof.  Agassiz  so  justly  reveroa    did  notCorier 
adhere  to  the  last  to  the  grotesque  theory  of  "  pro-form  a '  i  n;j«< 

the  true  theory  of  "  epigenesis,"  which  C.  F.  WoWH  e^  i  5^«^* 

had  placed  upon  a  scientific  basis?    Sup[*osing,  fihen,  that  th 
winian  theory  is  rejected  by  Agassiz,  this  fact'ia  no  more  <ir<i^^J^" 
against  the  Darwinian  theory  than  the  rejection  of  Pk^esntl^  t^<^? 
i  by  Laplace  was  decisive  against  Fresnel's  theory.  i 

For  fhn  facts  just  cited  show  that  even  the  wisest  and  atoil  hlsoA  j 
Z''"  infallible,  and  tliat  it  will  not  do  to  liave  a  papacy  ^k**  J 

1^^  i^uestioua  are  concernett    Strange  as  it  may  at  fint  (0^  | 


AOASSrZ  AND  DARWINISM. 


695 


nothing  is  more  certain  than  that  a  man's  opinion  may  be  eminently 
fallible,  even  with  reference  to  matters  which  might  appear  to  come 
dii-eetly  within  the  range  of  his  own  specialty.     Many  people,  I  pre- 
sume, think  that,  because  Prof.  Agassiz  has  made  a  specialty  of  tbe 
Btudy  of  extinct  and  living  organisms,  because  he  has  devoted  a  long 
and  industrious  life  to  this  study,  therefore  his  opinion  with  reference 
to  the  relations   of  present  life  upon  the  globe  to  past  life  ought  to  be 
at  once  conclusive.     Tbe  fallacy  of  this  inference  becomes  apparent  as 
soon  as  we  recollect  that  Profs.  Gray,  Wyman,  Huxley,  and  Ilaeckel, 
who  are  equally  well  qualified  to  have  an  opinion  on  such  matters,  have 
agreed  in  forming  an  opinion  diametrically  opposite  to  that  of  Prof. 
Agaieis.    But  the  fallacy  may  he  shown  independently  of  any  such  com- 
som     Even  if  all  the  foundations  of  certainty  seem  to  be  shaking 
neath  us  when  we  say  that  an  expert  is  not  always  the  best  judge  of 
matters  pertaining  to  his  own  specialty,  we  must  still  say  it,  for  facts 
will  bear  us  out  in  saying  it.     I  have  known  excellent  mathematicians 
and  astronomers  who  had  not  the  first  word  to  say  about  tbe  Nebular 
Hypothesis  :  they  had  never  felt  interested  in  it,  had  never  studied  it, 
and  consequeutly  did  not  understand  it,  and  could  hardly  state  it  cor- 
y.     After  awhile  one  ceases  to  be  surprised  at  such  things.     It  is 
>  possible  for  one  to  study  tbe  structure  of  echinodenns  and  fishes 
ig  a  long  life,  and  yet  remain  unable  to  offer  a  satisfactory  opin- 
n  upon  any  subject  connected  with  zoology,  for  the  proper  treatment 
which  there  are  required  some  power  of  generalisation  and  some  fa- 
iliarity  with  large  considerations.     Indeed,  there  are  many  admirable 
iin  natural  history,  as  well  as  in  other  studies,  w  ho  never  pay 
itest  heed  to  questions  involving   wide-reaching   considera- 
liona;  and  who,  with  all  theii*  amazing  minuteness  of  memory  con- 
eming  the  metamorphoses  of  insects  and  the  changes  whicli  the  em- 
O  of  a  white-fish  undergoes  from  fecuodation  to  maturity,  are  nev* 
unable  to  see  the  evidentiary  value  of  the  great  general  facts 
ical  succession  and  geographical  diistribution,  even  when  it 
ia  ibnist  directly  before  their  eyes.     To  such  persons,  "  science  "  means 
the  oollccting  of  polyps,  the  dissecting  of  mollusks,  the  vivisection  of 
igu,  the  registration  of  innumerable  facts  of  detail,  without  regard 
the  connected  story  which  all  these  facte,  when  put  together,  have 
their  power  to  telL     And  all  putting  together  of  facts,  with  a 
to  elicit  this  connected  story,  they  are  too  apt  to  brand  as  unsci- 
speculation;  forgetting  that  if  Newton  bad  merely  occupied 
If  with  taking  observations  and  measuring  celestial  distances,  in- 
of  propounding  an   audacious  hypothesis,  and  then  patiently 
ng  it,  the  law  of  gravitation  might  never  have  been  discovered. 
lies  the  explanation  of  the  twice-repeated  rc*jeetion  of   Mr. 
n's  name  by  the  French  Academy  of  Sciences.     The  lamentable 
of  science  in  France  since  tbe  beginning  of  the  Second  Empire 
most  conspicuously  marked  by  the  tendency  of  scientific 
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'  inUHJfgf*  to  ooeopT  tfaefofldrM  exolarivclf  with  matiters  of  deuU,  to 
tlie  Delect  of  wido-ra^duDg  genenlizttioiifl^  And  the  rcjectioa  of 
]fr«  Bmnriii%  hsdm  was  jaMified  upon  the  grcnsiidy  nal  iluii  lie  liid 
maide  unmenliSe  giWPTilititionii,  but  tint  he  had  beeo  m  i»ier»  (f )  gen* 
emBaer,  inMemd  of  m  eoUedor  of  fiMsta.  The  allegatioii  waA,  indeod, 
incorrect ;  mite  Mr.  Dmrwin  is  as  endiient  for  hk  iiidiistiy  in  ooUect- 
lug  facta  as  far  his  boldneaa  ia  geoieraliziDg.  But  the  form  of  tbis 
allegation  w«n  iUnatratcs  the  truth  of  what  I  hare  beea  Wfwilring  to 
show— that  familiarity  with  the  details  of  a  subject  doee  not  ensUi 
one  to  deal  with  it  in  the  grand  style^  and  elicit  new  troth  from  old 
facts,  unless  one  also  poosesaes  some  faculty  for  penetrating  into  Ihs 

I  hidden  implications  of  the  fiieta ;  or,  in  other  words^  some  fsealtjr  for 
philosophizing. 

Kow,  I  am  far  from  saying  of  Prof*  Agassiz  that  he  is  a  mere  col* 
lector  of  echinoderms  and  dissector  of  fishes,  with  no  tact  whaterer 
in  philosophizing.     He  does  not  stand  in  the  position  of  tho^  who 
think  that  the  end  of  scientific  research  is  attained  when  we  hafe 
carefully  ticketed  a  few  thousand  epecimenii  of  corals  and  hntteHUeir 
in  much  the  same  spirit  as  that  in  which  a  school-girl  collects  and  clss* 
sifies  aatographs  or  postage^tamps.     Along  with  his  indefatigable  xd> 
dnstrj  as  a  collector  and  obserTer,  Prof  Agassiz  has  a  decided  inclicaif 
tion  toward  general  views.     However  lamentably  deficient  wo  ma? 
think  him  in  his  ability  to  discern  the  hidden  implications  of  fs^^ 
there  can  be  no  question  that  his  facts  are  of  little  importance  t 
save  as  items  in  a  philosophic  scheme.    He  knows  very  well — pv ,  _  ^ 
almost  too  well — that  the  value  of  facts  lies  in  the  conclusions  to  wiiich 
tliey  point.     And,  accordingly,  lack  of  philosophising  is  the  last 
corning  with  which,  as  a  scientific  writer,  he  can  be  charged 
errs  on  a  great  scientific  question,  lying  within  his  own  ran^^  of  ixkrt^ 
tigatioD,  it  is  not  because  he  refrains  steadfastly  from  all  general  ooii' 
siderations,  but  because  he  philosophizes — ^and  pbilosopbizes  on  Ofr 
sound  principles*     It  is  because  his  philosophizing  is  not  a  nstarsl 
OQtgrowth  from  the  facts  of  Nature  which  lie  at  his  disposal,  bat  h 
made  up  out  of  sundry  traditions  of  his  youth,  which,  by  dint  of  play- 
ing upon  the  associations  of  ideas  which  are  grouped  around  mUtm 
combinations  of  words,  have  come  to  usurp  the  place  of  obserred  iMH 
as  a  basis  for  forming  conclusions*    It  is  not  because  he  abstaim  from 
generalizing  that  Prof.  Agassis  is  unable  to  appreciate  the  aignimoll 
by  which  Mr.  Darwin  has  established  his  theory,  but  it  is  beeaoie  fc* 
long  ago  brought  his  mind  to  acquiesce  in  various  generallsatioii%9fi 
thoroughly  unscientific  or  non-scientific  character,  with  the  farthir 
maintenance  of  which  the  acceptance  of  the  Darwinian  theory  li  (<f 
seems  to  Prof.  Agassiz  to  be)  incompatible. 

The  generalizations  which  have  thus  preoccupied  Pro£  Agsso^ 
mind  are  purely  theological  or  mythological  in  their  nature,    la  ^    i 
mating  the  probable  soundness  of  his  opinion  upon  any  aosentifo^tK^ 
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ion,  it  mast  always  be  remembered  that  he  is^  above  all  things,  a  dev- 
otee of  what  is  called  *'  natural  theology."  In  his  discussions  concern- 
ing the  character  of  the  relationships  between  the  various  members  of 
the  animal  kingdom,  the  foreground  of  his  consciousuess  is  always 
completely  occupied  by  theological  considerations,  to  such  an  extent 
that  the  evidentiary  value  of  scientific  facts  cannot  always  get  a  foot- 
ing there,  and  is,  consequently,  pushed  away  into  the  background. 
One  feels,  in  reading  his  writings,  that,  except  when  he  is  narrating 
facts  with  the  pure  joyfulnesB  of  a  specialist  exulting  in  the  exposition 
of  hifi  subject  (and,  when  in  this  mood,  he  often  narrates  facts  with 
which  his  inferences  are  wholly  incompatible),  he  never  makes  a  point 
without  some  regard  to  its  bearings  upon  theological  propositions  which 
his  early  training  has  led  him  to  place  paramount  to  all  facts  of  obser- 
vation whatever.  In  virtue  of  this  peculiarity  of  disposition.  Prof, 
.gassiz  has  become  the  welcome  ally  of  those  zealous  but  narrow- 
nded  theologians,  in  whom  the  rapid  progress  of  the  Darwinian 
theory  has  awakened  the  easily  explicable  but  totally  groundless  fear 
that  the  necessary  foundations  of  true  religion,  or  true  Christianity, 
ore  imperilled.  It  is  not  many  years  since  these  very  persons  re- 
garded Prof.  Agassiz  with  dread  and  abliorrence,  because  of  his  flat 
'Qtradiction  of  the  Bible  in  his  theoi-y  of  the  multiple  origin  of  the 
iuman  race.  But,  now  that  the  doctrine  of  Evolution  has  come  to  be 
le  line  lean  thing  above  all  others  to  be  dreaded  and  abhorred,  this 
mparatively  slight  iniquity  of  Profl  Agasbiz  has  been  condoned  or 
Tgotlen,  and,  as  the  great  antagonist  of  Evolution,  he  is  welcomed 
\e  defender  of  the  true  Church  against  her  foes, 
is  preference  of  theological  over  scientific  considerations  once 
led  Prol  AgasiJjs  (if  my  memory  fiervea  me  rightly)  to  use  language 
very  unbecoming  in  a  professed  student  of  Kature.  Some  seven  years 
iigo  he  delivered  a  course  of  lectures  at  the  Cooper  Union,  and  in  one 
of  these  lectures  he  observed  that  he  preferred  the  theory  which  makes 
man  out  a  fallen  angel  to  the  theory  which  makes  him  out  an  improved 
monkey — a  remark  which  was  quite  naturally  greeted  with  laughter 
and  applause.  But  the  applause  was  ill-bestowed,  for  the  remark  was 
one  of  the  most  degrading  which  a  scientific  lecturer  could  make.  A 
scientific  inquirer  has  no  business  to  have  "  preferences,"  Such  things 
are  fit  only  for  silly  women  of  society,  or  for  young  children  who  play 
with  facts,  instead  of  niuking  sober  use  of  them.  What  mattera  it 
whether  we  are  pleased  with  the  notion  of  a  monkey-ancestry  or  not  ? 
e  end  of  scientific  research  is  tlie  discovery  of  truth,  and  not  the 
ti«faction  of  our  whums  or  fancies,  or  even  of  what  we  are  pleased  to 
U  our  finer  feelings.  The  proper  reason  for  refusing  to  accept  any 
ictrine  is,  that  it  is  inconsistent  with  observed  facts,  or  with  some 
doctrine  which  has  been  firmly  established  on  a  basis  of  fact, 
refusal  to  entertain  a  theory  because  it  seems  disagreeable  or  de- 
is  a  mark  of  intellectual  cowardice  and  insincerity.     In  mat- 
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tere  of  scientific  ioqmry,  it  is  as  grave  an  offence  as  the  letdng  oocfli 
note  go  to  protest  is  in  matterg  of  businesa.  Id  sa jing  these  iltmg%  \ 
do  not  mean  to  charge  Pro£  Agassis  with  LateHectiial  oowardiea  aod 
insincerity,  for  the  remark  which  I  criticise  so  sharply  waa  oot  WC^rthy 
of  him,  it  did  not  comport  with  his  real  character  aa  a  atttdeot  of  wt 
ence^  and  to  judge  of  him  by  this  utterance  alone  would  be  to  do  him 
injustice. 

It  was  with  the  hope  of  finding  some  mons  le^timate  objaotkmi  te 
the  Darwinian  theory  that  I  procured  the  Trihfvm/i^  lectafMbeet  000- 
tmnlng  Frofl  Agassiz's  twelve  lectures  on  the  natural  foundaUoos  <^f 
organic  affinity,  and  diligently  searched  it  from  beginujng  'I 

believe  I  am  truthful  in  saying  that  a  good  staggering  obje^  xld 

have  be^ju  quite  welcome  to  me,  just  for  the  sake  of  the  inteileaoal 
stimuloB  implied  in  dealing  with  it,  for  on  this  subject  my  mind  witf 
so  thoroughly  made  up  thirteen  years  ago,  that  the  dLscnasion  of  it, 
as  ordinarily  conducted,  has  long  since  ceased  to  have  any  interest  for 
me.     I  am  just  as  firmly  convinced  that  the  human  race  la  desceniied 
&om  lower  animal  forms,  as  I  am  that  the  earth  revolves  in  an  elliptical 
orbit  about  the  saa    So  completely,  indeed,  is  this  proposition  Wfongbt 
in  with  my  whole  mental  structure,  that  the  negation  of  it  aeemt  to  me 
utterly  nonsensical  and  void  of  meaning,  and  I  doubt  if  my  mind  i»  ca- 
pable of  shaping  such  a  negation  into  a  proposition  which  I  could  inM^l* 
li gently  state.    To  have  such  deeply-rooted  convictions  shaken  odcc  b 
a  while  is,  I  believe,  a  very  useful  and  wholesome  experiment  iu  meji- 
tal  hygiene.     That  rigidity  of  mind  which  prevents  the  thorough  »*• 
vising  of  our  opinions  is  sure,  sooner  or  later,  to  come  upon  all  of  Ui; 
but  we  ought  to  dread  it,  as  we  dread  the  stagnation  of  old  age  or 
deaths     For  some  such  reasons  as  these,  I  am  sure  that  I  should  hsft 
been  glad  to  find,  in  the  course  of  Prof.  Agaasiz'B  lectures,  at  least  ane 
powerful   argument   against  the    interpretation  of   organic  affiDituitf 
which  Mr.  Darwin  has  done  so  much  to  establish*     I  should  Iiata 
been  still  more  glad  to  find  some  alternative  interpretation  proposed 
which  could  deserve  to  be  entertained  as  scientific  in  character.    I  i* 
Bare  no  task  could  be  more  delightful,  or  more  quickening  to  os^V 
energies,  than  that  of  comparing  two  alternative  theories  up  ^ 
subject,  upon  which,  thus  far,  only  one  baa  ever  been  prop^* 
which  possesses  the  marks  of  a  soientific  hypothesis.     But  no  sucli 
pleasure  or  profit  is  in  store  for  any  one  who  studies  these  twelvB  leet* 
ures  of  Prof.  Agassiz.     In  all  these  lectures,  there  is  not  a  sing^le  il* 
htsion  to  Mr.  Darwin^s  name,  save  once  in  a  citation  from  another 
author ;  there  is  not  the  remotest  allusion  to  any  of  the  argome^^L 
which  Mr.  Darwin  has  contributed  most  largely  to  the  eatabU^^H 
of  tbe  development  theory ;  nay,  there  is  not  a  single  seatonc^VH 
which  one  could  learn  that  Mr.  Darwin^s  books  hiid  ever  b«ea  wiiMfl 
or  that  the  theories  which  they  expound  had  ever  taken  shape  in  cfc* 
mind  of  any  thinking  man,    I  do  not  doubt  that  ProC  Agaasis  hs«,li 
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fome  time  read,  or  looked  over,  the  "  Origin  of  Speeiee ;"  but  there  is 
not  a  word  m  these  lectures  which  might  not  have  been  written  by 
one  who  had  never  heard  of  that  book,  or  of  the  arguments  which 
made  the  publication  of  it  the  beginning  of  a  new  epoch  in  the  history 
of  ficience, 

Not  only  i^  it  that  Prof.  Agaasiz  does  not  attack  the  Darwinian 

heory  in  these  lectures ;  it  is  also  that,  until  the  ninth  lecture,  he  does 

lot  allude  to  the  doctrine  of  Evolution  in  any  way*  His  first  eight 
lectures  consist  mostly  in  an  account  of  the  development  of  the  embryo 
in  Tarious  animals \  and  in  this  we  have  a  pure  description  of  facts 
with  which  no  one  certaioly  wiU  feel  like  quarrelling,  so  far  as  theories 
are  concerned.  He  goes  to  work,  very  much  as  Max  Mtlller  doe8,  in 
lecturing  about  the  science  of  language,  when  he  gives  you  a  maximum 

»f  interesting  etymologies  and  a  minimum  of  real  philosophizing  which 
goes  to  the  bottom  of  things.  But  Prof.  Agassiz  is  not  so  interesting 
<^r  BO  stimulatiug  iu  his  discourse  as  Max  Muller.  He  does  not  lead  us 
into  pleasant  fields  of  illustration,  where  we  would  fain  tarry  longer, 
forgetting  the  main  purpose  of  the  discussion  in  our  delight  at  the  un- 
essential matters  which  occupy  our  attention.  On  the  contrary,  it 
seems  to  me  that  Prof.  Agassiz's  explanatioo  of  the  development  of 
egge  is  rather  tedious  and  dry,  and  by  no  means  richly  fraught  with 
novel  suggestions.  The  exposition  is  a  commonplace  one,  such  as  is 
good  for  students  in  the  Museum  of  Comparative  Zoology,  who  are 
beginning  to  study  embryology,  but  there  are  no  features  which  make 
it  especially  interesting  or  instructive  to  any  one  who  has  already 
served  an  appreutic^ship  in  these  matters. 

In  his  ninth  lecture,  Prof.  Agassiz  begius  to  make  some  allusion 
the  development  thcoi-y — not  to  the  development  theory  as  it  now 
ndfl  since  the  publication  of  the  "  Origin  of  Species,'*  but  to  the  de- 
velopment tijeory  as  it  stood  m  the  days  when  Pro£  Agassiz  was  a 
young  student,  when  Cuvier  and  the  elder  Geoffrey  Saiut-Hilaire 
waged  fierce  warfare  in  the  French  Academy,  and  when  the  aged 
Goethe,  sanest  and  wisest  of  men,  foresaw  in  the  issue  of  that  battle 
ihe  speedy  triumph  of  the  development  theory.  Beyond  this  point,  I 
urill  venture  to  say,  Pro£  Agassiz  has  never  travelled.     The  doctrine 

f  Evolution  is  still,  to  him,  what  It  was  in  those  early  days  ;  and  all 
le  discoveries  and  reasonings  of  Mr.  Darwin  have  passed  by  him  un- 

leeded  and  unnoticed.  He  arrived  too  early  at  that  rigidity  of  mind 
which  prevents  us  from  properly  comprehending  new  theories,  and 
which  we  should  all  of  us  dread. 

\?liat,  now,  is  the  doctrine  which  Prof.  Agassiz  begins  to  attack^ 
his  ninth  lecture,  and  what  is  the  doctrine  which  he  would  propose 
\&  a  sabstitute?  The  doctrine  which  he  attacks  is  simply  this — that 
all  organic  beings  have  come  into  existence  through  some  natural  pro- 
of causation  ;  and  the  doctrine  which  ho  defends  is  just  this — that 
beings,  as  classed  in  species,  have  come  into  existence  at 
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thd  outlet  by  means  of  some  aot  of  wbicb  our  ordiaary  notioos  of  cause 
and  effect  cao  give  no  account  whatever.  For  every  one  of  the  indi- 
yidoals  of  which  a  species  is  made  up,  he  will  admit  the  adequacy  of 
tJbe  ordinary  process  of  generation ;  but  for  the  species  as  a  whole,  thi« 
process  seems  to  him  inadequate,  and  he  flies  at  once  to  that  refuge 
of  inconsequent  and  timid  minds — miracle  I 

This  is  really  just  what  Prot  Agassiz's  theory  of  the  origin  of  spe- 
f^fic  forms  amounts  to,  and  this  is  the  reason  why,  in  sptt€  of  grave 
heresy  on  minor  points,  he  is  now  regarded  by  the  evangelical  Church 
as  one  of  its  chief  champions.     Instead  of  the  natnral  process  of  geop 
eration— which  is  the  only  process  by  which  we  have  ever  known  o^ 
ganic  beings  to  be  produced — ^he  would  fain  set  up  some  unknown  mjs- 
terious  process,  the  nature  of  which  he  is  careful  not  to  define,  but  fur 
which  he  endeavors  to  persuade  us  that  we  have  a  fair  equivaleot  in 
sonorous  phrases  concerning  "  creative  wilV*  "  ^^^  action  of  an  int^ 
ligent  mind,^  and  so  on.     In  thus  postponing  considerations  of  para 
science  to  considerations  of  "  natural  theology,**  I  have  no  doubt  Prof 
Agassis  is  actuated  by  a  praiseworthy  desire  to  do  something  for  tha 
glory  of  that  Power  of  which  the  phenomenal  universe  is  the  perpetuil 
but  e^ei^cbanging  manifestation.     But  how  futile  is  such  an  attempt 
as  this  I     How  contrary  to  common-sense  it  is  to  say  that  a  spi 
produced,  not  by  the  action  of  blind  natural  forces,  hut  by  an  ;.*.-.» 
gent  will  I    For,  although  this  most  prominent  of  all  facts  seems  to  b# 
oftene«t  overlooked  by  theologians  and  others  whom  it  most  especitUjr 
concerns,  we  are  all  the  time,  day  by  day  and  year  by  year,  in  eaob 
and  every  event  of  our  lives,  having  experience  of  the  workings  of 
that  Divine  Power  which,  whether  we  attribute  to  it  **  intelligent  wtH" 
or  not,  is  unquestionably  tbe  one  active  agent  in  all  the  dynamic  |1b^ 
nomena  of  Nature.     Little  as  we  know  of  the  intrinsic  nature 
Omnipresent  Power,  which,  in   our  poor   human  talk,  we  caU 
we  do  at  least  know,  by  daily  and  hourly  experience,  what  is  tlie   'j' 
acter  of  its  working.     The  whole  experience  of  our  lives  t«  k-''^^  ^' 
that  this  Power  works  after  a  method  which,  in  our  scholastic  cxpr  ^^i'ls 
we  call  the  method  of  cause  and  effect,  or  the  method  of  natural  Uv. 
Traditions  of  a  barbarous  and  uncultivated  age,  in  which  mere  gi^ 
tesque  associations  of  thoughts  were  mistaken  for  facts,  have  told  u 
that  this  Power  has,  at  various  times  in  the  past,  worked  in  a  diflSmnt 
way — causing  effects  to  appear  without  cognizable  antecedents^  trm 
as  Aladdin's  palace  rose  in  all  its  wondrous  magnificence,  wilhoui 
sound  of  carpenter's  hammer  or  mason's  chisel,  in  a  single  nighL   B»t 
about  such  modes  of  divine  action  we  know  nothing  whatever  frofl^ 
experience ;  and  the  awakening  of  literary  criticism,  in  modem  tito^H 
has  taught  us  to  distrust  all  such  accounts  of  ^vine  action  which  c«^| 
flict  with  tliu  lessons  we  learn  from   what  is  ever  going   on  fooiB 
about  us.     So  far  as  we  know  aught  concemiog  the  works  of  OoJ»  1 
which  are  being  performed  in  us,  through  us,  and  mround  us^  hsBSg  J 
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%very  moment  of  that  conBcious  intelligence  whicli  enables  us  to  bear 
witness  to  tbem,  we  know  they  are  works  from  wLicli  the  essential  re- 
lation of  a  given  effect  to  its  adequate  cause  is  never  absent.  And  for 
tiiis  reason,  if  we  view  the  matter  in  pure  accordance  with  experience, 
we  are  led  to  maintain  that  the  antagonism  or  contrariety  which  seems 
to  exist  in  Prof.  Agassi^'s  mind  between  the  action  of  God  and  the 
action  of  natural  forces  is  nothing  but  a  figment  of  that  ancestral  im- 
agination from  which  the  lessons  which  shaped  Prof,  AgaBsiz's  ways 
of  thinking  were  derived.  So  far  as  experience  can  tell  us  any  thing, 
it  tells  us  that  divine  action  is  the  action  of  natural  forces ;  for,  if  we 
refuse  to  accept  this  conclusion,  what  have  we  to  do  but  retreat  to  the 
confession  that  we  have  no  experience  of  divine  action  whatever,  and 
that  the  works  of  God  have  been  made  manifest  only  to  those  who 
lived  in  that  unknown  time  when  Aladdin's  palaces  were  built,  and 
when  species  were  created,  in  a  single  night,  without  the  intervention 
of  any  natural  process  ? 

Trusting,  then,  in  this  universal  teaching  of  experience,  let  ub  for 
a  moment  face  fairly  the  problem  which  the  existence  of  men  upon  the 
Tth  presents  to  us,  Here  is  actually  existing  a  group  of  organisms, 
hich  we  call  the  human  race.  Either  it  has  existed  eternally,  or 
some  combination  of  circumstances  has  determined  its  coming  into 
existence.  The  first  alternative  is  maintained  by  no  one,  and  our 
astronomical  knowledge  of  the  past  career  of  our  planet  is  suflicient 
decisively  to  exclude  it.  There  is  no  doubt  that  at  some  time. in  the 
past  the  human  race  did  not  exist,  and  that  it  a  gradual  or  sudden 
coming  into  existence  was  determined  by  some  combination  of  circum- 
stances. Now,  when  Prof.  Agassiz  asks  us  to  see,  in  this  origination 
of  mankind,  the  working  of  a  Divine  Power,  we  acquiesce  in  all  rever- 
ence. But  when  he  asks  us  to  see  in  tbis  origination  of  mankind  the 
working  of  a  Divine  Power,  inatead  of  the  working  of  natural  causes, 
we  do  not  acquiesce,  because,  so  far  as  experience  has  taught  us  any 
thing,  it  has  taught  us  that  Divine  Power  never  works  except  by  the 
way  of  natural  causation.  Experience  tells  us  that  God  causes  Alad- 
din's palaces  to  come  into  existence  gradually,  through  the  coSpera- 
tion  of  countless  minute  antecedents*  And  it  tells  us,  most  emphati- 
cally, that  such  Btructures  do  not  come  into  existence  without  an 
adequate  array  of  antecedents,  no  matter  what  the  Arabian  Nights 
may  tell  us  to  the  contrary. 

Now,  when  Prof.  Agassiz  asks  us  to  believe  that  species  have  come 
into  existence  by  means  of  a  special  creative  fiat,  and  not  througli 
the  operation  of  what  are  called  natural  causes,  we  reply  that  his 
request  is  mere  inanity  and  nonsense.  We  have  no  reason  to  suppose 
that  any  creature  like  a  man,  or  any  other  vertebrate,  or  articulate,  or 
mollusk,  ever  came  into  existence  by  any  other  process  than  the 
familar  process  of  physical  generation.  To  ask  \\n  to  believe  in  any 
pher  process  is  to  ask  us  to  abandon  the  experience  which  we  hai 


JOS 


THE  POPULAR  SCIEXCB  MONTMLT. 


for  the  chimerae  wbiob  we  had  best  not  seek  to  acquire.     Bat  Fio£ 
Aga#f^«  does  not  even  suggest  any  other  procesa  for  our  acceptao€«i 
He  ttinply  retreats  upon  his  empty  phrases,  "  creative  will,"  the  **  free 
workings  of  an  intelligent  mind,"  and  so  on.    Kow,  in  his  seoond 
course  of  lectures,  I  hope  he  will  proceed  to  tell  us,  not  necessarily  how 
**  creative  wiU  "  actually  operated  in  bringing  forth  a  new  species,  but 
how  it  may  conceivably  have  operated,  save  through  the  process  of 
physical  generation,  which  we  know.     In  his  **  E?say  on  Classifica- 
tion," I  remember  a  passage  in  which  he  rightly  rejects  the  notion  that 
any  species  has  arisen  from  a  single  pair  of  parents,  and  propounds  the 
formula :  '*  Pines  have  originated  in  forests,  heaths  in  heather,  graoei 
in  praines,  bees  in  hives,  herrings  in  shoals,  bufialoes  in  herds,  men  in 
nations/^    Kow,  when  Prof.  Agassis  asserts  that  men  originated  a 
nations,  by  some  other  process  than  that  of  physical  generation,  what 
does  he  mean  ?     Does  he  mean  that  men  dropped  down  from  the  sky  f 
Does  he  mean  that  the  untold  millions  of  organic  particles  wliich  make 
up  a  man  all  rushed  together  from  the  four  quarters  of  the  compasi^ 
and  proceeded,  spontaneously  or  by  virtue  of  some  divine  soi 
aggregate  themselves  into  the  in&nitely  complex  organs  and 
of  the  human  body,  with  all  their  wondrous  and  well*defined 
tudes  ?     It  is  time  that  this  question  should  be  &ced,  by  Pt^f, 
and  those  who  agree  with  him,  without  further  shirking.     Instead 
grandiloquent  phrases  about  the  "  firee  action  of  an  intelligent  miad," 
let  us  have  something  like  a  candid  suggestion  of  some  process,  otber 
than  that  of  physical  generation,  by  which  a  creature  like  man  eu 
even  be  imagined  to  have  come  into  existence.     When  the  time  come* 
for  answering  this  question,  we   shall  find  that  even  Prof.  Aga^ 
is  utterly  dumb  and  helpless.     The  sonorous  phrase  "  special  creation,'' 
in  which  he  has  so  long  taken  refuge,  is  nothing  but  a  synthesis  of 
vocal  sounds  which  covers  and,  to  some  minds,  conceals  a  thoroogUj 
idiotic  absence  of  sense  or  significance.    To  say  that  ^  Abracadihri 
is  not  a  genial  corkscrew,"  is  to  make  a  statement  quite  aa  full  of  mesn- 
ing  as  the  statement  that  species  have  originated  by  "  special  Of^r 
tion." 

The  pnrely  theological  (or  theologioo-metaphysical  and  tt  iU 
erenta  unscientific)  character  of  Prof.  Agassiz's  objections  to  iht  d^ 
velopment  theory  is  sufficiently  shown  by  the  fact  that,  in  tbt»  fore- 
going paragraphs,  I  have  considered  whatever  of  any  accoont  there  ii 
in  his  lectures  which  can  be  regarded  as  an  objection.  Arffummii 
against  the  development  theory  such  objections  cannot  be  called ;  tbty 
are,  at  their  very  best,  nothing  but  expressions  of /ear  and  dUiih* 
The  only  remark  which  I  have  been  able  to  find,  worthy  of  bring 
dignified  as  an  argument,  is  the  following :  **  We  see  that  fishc*  are 
lowest,  that  reptiles  are  higher,  that  birds  have  a  superior  orff*ntjs^**'^ 
to  both,  and  that  mammals,  with  man  at  their  head,  arv  '  Tl- 

phafles  of  development  which  a  quadruped  undergoes^  in  i^^tuv 
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growtb^  recall  this  gradation.  He  has  a  fish-like,  a  reptile-like  stage 
before  be  sbnws  uniiiistakable  mammal-like  features.  We  do  not  on 
this  accoutit  suppose  a  quadi^peti  grows  out  of  a  fisli  in  our  time,  for 
this  simple  reason,  that  we  live  among  qiiadnipeds  and  fishes,  and  we 
know  that  no  such  thing  takes  place.  But  resemblances  of  the  same 
kind,  separated  by  geological  ages,  allow  play  for  the  imagination,  and 
for  inference  unchecked  by  observation," 

I  do  not  believe  that  Frof.  Agassiz's  worst  enemy — if  he  ever  had 
an  enemy — could  have  been  so  hard-hearted  as  to  msh  for  him  the 
direftil  catastrophe  into  which  tliis  wonderful  piece  of  argument  has 
plunged  him  irretrievably.  For  the  question  must  at  once  suggest 
itself  to  ©very  reader  at  all  familiar  with  the  subject,  If  Trot  Agassiz 
supposes  that  the  development  theory,  as  held  nowadays,  implies  that 
a  quadruped  was  ever  the  direct  issue  of  a  fish,  of  what  possible  value 
can  bis  opinion  be  as  regards  the  development  theory  in  any  way  ? 

If  I  may  speak  frankly,  as  I  have  indeed  been  doing  from  tlie  out- 
set, I  will  say  that,  as  regards  the  Darwinian  theory,  Pro£  Agassiz 
seems  to  me  to  bo  hopelessly  behind  the  age,  I  have  never  yet  come 
across  the  first  indication  that  he  knows  what  the  Darwinian  theory  is. 
Against  the  development  theory,  as  it  was  taught  him  by  the  discus- 
sions of  forty  years  ago,  he  is  fond  of  uttering,  I  will  not  say  argu- 
ments, but  expressions  of  dislike.  With  the  modem  development 
theory,  with  the  circumstances  of  variation,  heredity,  and  natural  se- 
lection, he  never,  in  any  of  his  writings,  betrays  the  slightest  acqualnt- 
aiioe.  Against  a  mere  man  of  straw  of  his  own  devising,  he  indus- 
trionaly  hurls  anathemas  of  a  quasi-lheological  character*  But  any 
tiling  like  a  scientific  examination  of  the  character  and  limits  of  the 
agency  of  natural  selection  in  modifying  the  appearance  and  structure 
of  a  species,  any  thing  like  such  an  examination  as  is  to  be  found  in 
the  interesting  work  of  Mr.  St.  George  Mivart,  he  has  never  yet 
brought  forth* 

Now,  when  Prof,  Agassiz  fairly  comes  to  an  issue,  if  he  ever  does,  and 
undertakes  to  refute  the  Darwinian  theory,  these  are  some  of  the  ques- 
tions which  he  will  have  to  answer:  1,  K  all  organisms  are  not  asso- 
iated  through  the  bonds  of  common  descent,  why  is  it  that  the  facts 
of  classification  are  just  such  as  they  would  have  been  had  they  been 
dne  to  such  a  common  descent  ?  2,  Why  does  a  mammal  always 
begin  to  develop  as  if  it  were  going  to  become  a  fish,  and  then,  chang- 
ing  tta  tactics,  proceed  as  if  it  were  going  to  become  a  reptile  or  bird, 

!snd  only  after  great  delay  and  circumlocntion  take  the  direct  road 
loward  mammaltty  ?  In  answer  to  this,  T6  do  not  care  to  be  told  that 
li  mammal  never  was  the  son  of  a  fish,  because  we  know  that  already ; 
nor  do  we  care  to  hear  any  more  about  the  *'  free  manifestations  of  an 
Intelligent  mind,"  because  we  have  had  quite  enough  of  metaphysical 
f>h rases  which  do  not  contain  a  description  of  some  actual  or  imagi 
nable  process.     We  want  to  know  how  this  state  of  things  can  be  set 
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entifioally  interpreted  save  on  the  hypothesis  of  a  commoo  ultimate 
origin  for  mammals,  birds>  reptiles,  and  fishes.  3.  What  is  the  mean- 
ing of  such  facts  as  the  homologies  which  exist  between  corresponding 
parts  of  organisms  constructed  on  the  same  ty^pe  ^  Wliy  does  the 
black  salamander  retain  fiilly-developed  gills  which  he  never  uses,  and 
what  is  the  significance  of  rudimentary  and  aborted  organs  in  gen- 
eral ?  Again  I  say,  we  do  not  want  to  hear  about  "  uniformity  of  de- 
sign" and  "reminiscences  of  a  plan,*'  and  so  on,  but  we  wish  to  know 
how  this  state  of  things  was  physically  brought  about,  save  by  com- 
munity of  descent*  4,  Why  is  it  that  the  facts  of  geological  succes- 
sion and  geographical  distribution  so  clearly  indicate  community  of 
descent,  unless  there  has  actually  been  community  of  descent  ?  Why 
have  marsupials  in  Australia  followed  after  other  marsupials,  and 
edentata  in  South  America  followed  after  other  edentata,  with  sueli 
remarkable  regularity,  unless  the  bond  which  unites  present  with  past 
ages  be  the  well-known,  the  only  known,  and  the  only  imaginable  bond 
of  physical  generation  ?  Why  are  the  fauna  and  flora  of  each  geolo^c 
epoch  in  general  intermediate  in  character  between  the  flora  and  fauna 
of  the  epochs  immediately  preceding  and  succeeding?  And,  5.  What 
are  we  to  do  with  the  great  fact  of  extinction  if  we  reject  Mr.  0a^ 
win's  explanations  t  When  a  race  is  extinguished,  is  it  because  of  t 
universal  deluge,  or  because  of  the  **  free  manifestations  of  an  intelli- 
gent mind  ?  '*  For  surely  Prof.  Agassiz  will  not  attribute  such  a  sol- 
emn result  to  such  ignoble  causes  as  insufficiency  of  food  or  any  oth«r 
of  the  thousand  causes,  "  blindly  mechanical,"  which  conspire  to  make 
a  species  succumb  in  the  struggle  for  life. 

And  here  tlie  phrase^  "  struggle  for  life,"  reminds  me  of  yet  so- 
other difficult  task  which  Pro£  Agassiz  will  have  before  him  when  hi 
comes  to  undertake  the  refutation  of  Darwinism  in  earnest  He  will 
have  to  explain  away  the  enormous  multitude  of  facts  which  show  that 
there  is  a  struggle  for  life  in  which  the  fittest  survive ;  or  ht  will  ti 
any  rate  have  to  show  in  what  imaginable  way  an  organic  tv  ^ 
remain  constant  in  all  its  features  through  countless  ages  ouu 
influence  of  such  circumstances,  unless  by  taking  into  the  acconiit  the 
Darwinian  interpretation  of  persistent  types  oflfered  by  Prof*  Huxley. 

But  I  will  desist  from  further  enumeration  of  the  difilcultiei  which 
surround  this  task  which  Prol  Agassiz  has  not  undertaken,  aod  i* 
not  likely  ever  to  undertake.  For  the  direct  grappling  with  that  com* 
plicated  array  of  theorems  which  the  genius  of  such  men  as  Darwiii 
and  Spencer  and  thetr  companions  has  established  on  a  Arm  hasi^iyf 
observation  and  deduction,  Prol  Agassiz  seems  in  these  lectures  faanUy 
better  qualified  than  a  child  is  qualified  for  improving  the  methodtcif 
the  integral  calculus.  These  questions  have  begun  to  occupy  c*aK**  i 
thinkers  since  the  period  when  his  mind  acquired  that  rigidity  wfcWi 
prevents  the  revising  of  one's  opinions.  The  marvellooa  fliixlbilitf  of 
thought  with  which  Sir  Charles  Lyell  so  gracefully  abandoned  btf  «o-    I 
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ftted  pasitioQ,  Prof,  Agassiz  is  never  likely  to'  show.  This  16 
irgely  because  Lyell  has  always  been  a  thiDker  of  purely  scientific 
ili&bit,  while  Agassiz  has  long  been  accustomed  to  making  profoiinclly 
^  dark  metaphysical  phrases  do  the  work  which  properly  belongs  to 
l^ltoservation  and  deduction.  But,  however  we  may  best  account  for 
kS'tliese  idiosyncrasies,  it  renaains  most  probable  among  those  facts  which 
F  ire  still  futore,  that  Pro£  Agassiz  will  never  advance  any  more  crush- 
►  ing  refutation  of  the  Darwiiaan  theory  than  the  simple  expression  of 
f  bis  personal  dislike  for  **  mechanical  agencies,"  and  liis  belief  in  the 
}  M  free  manifestations  of  an  intelligent  mind."  Were  he  only  to  be  left 
to  himself,  such  expressions  of  personal  preference  could  not  mar  the 
leaeure  with  which  we  often  read  his  exposition  of  purely  scientiiic 
BLths.  But  when  he  is  brought  before  the  public  as  the  destroyer  of 
tieory,  the  elements  of  which  he  has  never  yet  given  any  sign  of 
ig  mastered,  he  is  placed  in  a  false  position,  which  would  bo  lu* 
Serous  could  he  be  supposed  to  have  sought  it,  and  which  is,  at  all 
eyents,  unworthy  of  his  eminent  fame. 


PRIMAET  CONCEPTS  OF  MODERN  PHTSICAL 

SCIENCE. 

Bt  J.   B.    STALLO,  I 

I. — The  Theory  of  tite  Atomic  Constitution  of  Matter. 

ris  the  avowed  endeavor  of  modem  physical  science  to  interpret 
the  phenomena  of  the  material  world  mechmueully — in  other 
\  words,  to  interpret  them  as  spatial  interactions  between  physical  con- 
!*  stents  called  molecules,  or  atoms.  This  proposition,  if  not  expressed, 
IS  implied  in  all  the  recent  treatbes  on  physics,  chemistry,  and  physi- 
ology. Its  most  emphatic  exj>ression,  perhaps,  is  found  in  a  lecture, 
delivered  less  than  a  year  ago,  at  the  last  meeting  of  the  Society  of 
German  Naturalists  and  Physicians,  held  at  Leipsic,  by  Pro£  Emil 
Du  Bois-Reymond,  one  of  the  most  noted  physicists  of  the  age. 
•*  Natural  science,"  says  Du  Bois-Reymond/  *'  is  a  reduction  of  the 
ohaDges  in  the  material  world  to  motions  of  atoms  caused  by  central 
forces  independent  of  time,  or  a  resolution  of  the  phenomena  of  Na- 
ture into  atomic  mechanics.  ,  ,  ,  The  resolution  of  all  changes  in  the 
material  world  into  motions  of  atoms  caused  by  their  constant  central 
force0  wonld  be  the  completion  of  natural  science," 

Obviously,  the  proposition  thus  enounced  assigns  to  physical  sci* 

*  **  Ueber  die  OrenzeD  des  Naturerkenncnfl.     Etn  Vortrog  In  der  zweiten  offentlichcsi 
Bititing  der  46,    Versammlung  deutscher  Naturforscher  und  Acrzte  «ii  Leipzig  am  14. 
[  AanigUt  18*72,  geh&Iten  von  Emtl  Dti  BoiB-ReymoiLd.^'    Leipzig,  Veil  k  Oomp.,  l%*l%, 
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ence  limits  so  narrow  tbat  all  attempts  to  bnng  the  cbaraoteristio 
phenomena  of  organic  life  (not  to  speak  of  mental  action)  within  tbcm 
are  utterly  hopeless*  Nevertheless,  it  is  asserted  that  organic  pbe- 
Qomena  are  the  product  of  ordinary  physical  forces  alone,  and  that 
the  asBtimption  of  vital  agencies,  as  distinct  from  the  forces  of  inor- 
ganic Nature,  is  wholly  inadmissible.  In  view  of  this,  it  seems  strange 
that  the  validity  of  the  proposition  above  referred  to  has  never,  so  Ux 
as  I  know,  been  questioned,  except  m  the  interest  of  some  uietaphpi- 
cal  or  theological  system.  It  is  my  purpose  in  the  following  etaajn 
to  ofter  a  few  suggestions  in  this  behalf,  in  order  to  ascertain,  if  po^ 
sible,  whether  the  prevailing  primary  notions  of  physical  science  cm 
stand,  or  are  in  need  of  revision. 

One  of  the  prime  postulates  of  the  mechanical  theory  is  the  atomic 
constitution  of  matter.  A  discussion  of  this  theory,  therefore,  At 
onoe  leads  to  an  examination  of  the  grounds  upon  which  the  assaiup* 
tion  of  atom&i  as  the  ultimate  constituents  of  the  pbydcal  world, 
rests. 

The  doctrine  that  an  exhaustive  analysis  of  a  material  body  into 
its  real  elements,  if  it  could  be  practically  effected,  would  yield  an  ag* 
gregate  of  indivisible  and  indestructible  particles,  is   almost  coeval 
with  human  speculation,  and  has  held  its  ground  more  persistentlj 
than  any  other  tenet  of  science  or  philosophy.     It  is  true  that  Ui*.* 
atomic  theory,  since  its  first  promulgation  by  the  early  Greek  philoso- 
phers, and  its  elaborate  statement  by  Lucretius,  has  been  modified  tad 
refined.     There  is  probably  no  one,  at  this  day,  who  invests  the  stoffl* 
with  hooks  and  loops,  or  (Lucretius,  De  Jlentm  Natura^  it,  398,«#4ef ) 
accounts  for  the  bitter  taste  of  wormwood  by  the  raggedness,  and  for 
the  sweetness  of  honey  by  the  smooth  roundness  of  the  constHocflt 
atoms.     But  the  "  atom "  of  modem  science  is  still  of  determmatt 
weight,  if  not  of  determinate  figure,  and  stands  for  something  mon' 
tban  an  abstract  unit,  even  in  the  view*of  those  who,  like  Bogcovieh* 
Faraday,  Ampere,  or  Fechner,  profess  to  regard  it  as  a  mere  c&xVk  of 
force.     And  there  is  no  difficulty  in  stating  the  atomic  doctrine  b 
terms  applicable  alike  to  all  the  acceptations  in  which  it  is  now  held  bf 
scientific  men*     Whatever  diversity  of  opinion  may  prevail  as  to  lb 
form,  size,  etc.,  of  the  atoms,  all  who  advance  the  atomic  hypotfcei»» 
in  any  of  its  varieties,  as  a  physical  theory,  agree  in  three  propa«iti«nii, 
which  may  be  stated  as  follows : 

1.  Atoms  are  absoluMy  simple,  unchangeable^  indestru^ibU ,  t^ 
are  physically^  if  not  mathematically ^  indivisible^ 

2.  Matter  consists  of  discrete  parts^  the  constituent  aiams  WV 
separated  by  void  interstitial  spaces.     In  cofitrast  to  the  coniirwnljfrf 
space  stands  tlie  discontinuity  of  matter.     The  expansion  of  «  Mf 
is  simply  an  increase^  its  contraction  a  lessening  of  t/ie  spatial  w*^  I  J 
vaU  between  the  atoms,  ■  ^ 

3.  T7ie  adorns  composing  the  different  chemieal  demeaM  me  of  i^ 
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^^temnnate  specific  weights^  corresponding  to  their  equivalents  of  com* 
^  bination,^ 

Confessedly  the  atomic  theory  is  but  an  hypothesis*  This  in  itself 
is  not  decisive  against  its  value  j  all  physical  theoriei  properly  so 
called  are  hypotheses  whose  eventual  recognition  as  tmths  depends 
upon  their  consistency  with  themselves,  upon  their  agreement  with 
^ihe  canons  of  logiCj  upon  their  congruence  with  the  facts  which  they 
^pserve  to  connect  and  explain,  upon  their  conformity  with  the  ascei'- 
tained  order  of  Nature,  upon  the  extent  to  which  they  approve  them- 
selves as  reliable  anticipations  or  previsions  of  facts  verified  by  subse- 
quent observation  or  experiment,  and  finally  upon  their  simplicity,  or 
rather  their  reduciag  power.  The  merits  of  the  atomic  theory,  too, 
are  to  be  determined  by  seeing  whether  or  not  it  satisfactorily  and 
atmply  accounts  for  the  phenomena  as  the  explanation  of  which  it  is 
propounded,  and  whether  or  not  it  is  in  harmony  with  itself  and  with 
the  known  laws  of  Reason  and  of  Nature, 

For  what  facts,  then,  is  the  atomic  hypothesis  meant  to  account, 
and  to  what  degree  is  the  account  it  offers  satisfactory  ? 

It  is  claimed  that  the  first  of  the  three  propositions  above  enu- 
merated (the  proposition  which  asserts  the   persistent  integrity  of 
atoms,  or  their  unehangeability  both  in  weight  and  voltxme)  accounts 
for  the  indestructibility  and  impenetrability  of  matter ;  that  the  sec- 
ond of  these  propositions  (relating  to  the  discontinuity  of  matter)  is 
an  indispensable  postulate  for  the  explanation  of  certain  physical  phe- 
nomena, such  as  the  dispersion  and  polarization  of  light ;  and  that  the 
third  proposition  (according  to  which  the  atoms  composing  the  chem- 
ical elements  are  of  determinate  specific  gravities)  is  the  necessary 
general  expression  of  the  laws  of  definite  constitution,  equivalent  pro- 
^^>ortion,  and  multiple  combination,  in  chemistry. 
^H     In  discussing  these  claims,  it  is  important,  first,  to  verify  the  facts 
^Bnd  to  reduce  the  statements  of  these  facta  to  exact  expression,  and 
^Khen  to  see  how  far  they  are  ftised  by  the  theory : 
^B       1.  The  indeBtnictibility  of  matter  is  an  unquestionable  truth.    But 
^■n  what  sense,  and  upon  what  grouuds,  is  this  indestructibility  prcdi- 
^Bated  of  matter  ?    The  unanimous  answer  of  the  atomiBts  is  :  Expe- 
"     rience  teaches  that  all  the  changes  to  which  matter  is  subject  are  but 
variations  of  form,  and  that  amid  these  variations  there  is  an  unvary- 
ing constant — the  mass  or  quantity  of  matter.    The  constancy  of  the 
mass  is  attested  by  the  balance,  which  shows  that  neitlier  fusion  nor 
sublimation,  neither  generation  nor  corruption,  can  add  to  or  detract 
from  the  weight  of  a  body  subjected  to  experiment     Wlien  a  pound 
of  carbon  is  burned,  the  balance  demonstrates  the  continuing  exist- 

*  To  ftToid  confuBion,  I  pirpoaely  ignore  the  difltinction  between  moleeulc»  &a  the  ulU- 
tDat«  prcKlQcts  of  the  phrsical  dirision  of  matter,  and  atoms  m  the  ultimate  products  of 
lU  chemical  dccoropoBllioBf  preferring  to  use  tiie  word  at4>ms  in  tbe  BenBe  of  the  lemst 
pailicleft  into  which  bodies  are  diTiaible  or  reducible  bj  vaj  tDeana. 
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'  enee  of  thU  pocmd  m  the  earboolo  add,  which  is  the  pcodncl  of  com- 
bustioD,  aod  from  which  the  origtaal  weight  of  carbon  maj  be  n- 
oorered.  The  qoantttj  of  matter  is  measured  by  its  weight,  aod  tUi 
weight  \&  onchangeable. 

Soieh  is  the  fiiet,  lamiliiir  to  eTef^one,  and  its  interprotation,  eqnallf 
fiuniliar.  To  le§t  the  correctness  of  this  interpretatioo,  we  may  be 
permitted  sUghtlj  to  rary  the  method  of  Terifying  it.  Instead  of 
baming  the  pound  of  carbon,  let  us  simply  carry  it  to  the  summit  of  a 
motttitaln,  or  remove  it  to  a  lower  latitude ;  is  its  weight  still  the  aaiie  f 
Relatively  it  is ;  it  will  still  balance  the  original  connterpoise*  But 
the  absolate  weight  is  no  longer  the  same.  This  appears  at  onee|  if 
we  give  to  the  balance  another  form,  taking  a  pendulum  instead  o{  « 
pair  of  scales.  The  pendulum  on  the  mountain  or  near  the  equator 
Tibrates  more  slowly  than  at  the  foot  of  the  mountain  or  near  the 
pole,  for  the  reason  that  it  has  become  specificaUy  lighter  by  being 
farther  removed  from  the  centre  of  the  earth's  attraction,  in  ooofiotiiii^ 
to  the  law  that  the  attractions  of  bodies  vary  inversely  aa  the  aqoaiei 
of  their  distances. 

It  is  thus  erident  that  the  constancy,  upon  the  observation  of  wUA 
the  assertion  of  the  indestructibility  of  matter  is  based,  is  simply  the 
constancy  of  a  relation,  and  that  the  ordinary  statement  of  the  Bet  is 
crude  and  inadequate.     Indeed,  while  it  is  true  that  the  weight  of  % 
body  is  a  measure  of  its  mass,  this  is  but  a  single  case  of  the  more 
general  fact  that  the  masses  of  bodies  are  inverf^ely  as  the  Telocttiii 
imparted  to  them  by  the  action  of  the  same  force,  or,  more  geocfsB/ 
still,  inversely  as  the  accelerations  produced  in  them  by  the  samefbroa 
In  the  case  of  gravity,  the  forces  of  attraction  are  directly  propoh 
tional  to  the  masses,  so  that  the  action  of  the  forces  (t^^JU)  is  the 
simplest  measure  of  the  relation  between  any  two  masses  as  siidi; 
but,  in  any  inquiry  relating  to  the  validity  of  the  atomio  theory,  it  i« 
necessary  to  bear  in  mind  that  this  weight  is  not  the  equiralcnt,  or 
rather  presentation,  of  an  absolute  substantive  entity  in  one  of  the 
bodies  (the  body  weighed),  but  the  mere  expression  of  a  relatioo  be- 
tween two  bodies  mutually  attracting  each  other.     And  it  is  furthfT 
necessary  to  remember  that  this  weight  may  be  indefinitely  reduced, 
without  any  diminution  in  the  mass  of  the  body  weighed,  by  a  racru 
change  of  its  position  in  reference  to  the  body  between  which  aad  the 
body  weighed  the  relation  subsists/ 


^  The  thoughtledsnefid  with  which  It  hi  assumed  by  some  of  the  motl  < 
maticUiia  uid  phygicbU  that  matter  U  oompofied  of  p&rticlei  which  have  ta  ibfcte 
primordUl  weight  persisting  in  all  pofiitJoiiSf  uid  under  &11  circamstmoes,  Ii  cm*  of  ^ 
mofft  r«mArkable  fact;)  in  t)ie  history  of  soienoe.  To  cite  but  one  lailsiifte;  YnL  Bi^ 
Wahftcher,  one  of  the  ablest  anAijats  of  his  daj^  in  hla  *'  Djnunideosjttera^  (Ibanhll^ 
Bufleinuum,  185tX  P'  H|  «&75,  ^^Tho  ahsolate  weight  of  aloma  La  unksowa'^-tt 
[  helnja^,  as  Is  erident  from  the  ooateit  and  from  the  whole  tenor  of  hli  ili0>^ 
*^%t  oar  ignorancu  of  this  abiolnte  weight  iB  dae  loUly  to  the  prftdUfiftl  hnpoi^ 
>aaulating  an  atom,  and  of  coatHTi^g  InttmmentB  ddloate  cacmgh  to  wdgblt 
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Masses  find  their  true  and  only  measure  in  the  action  of  forces,  and 
the  quantitative  persistence  of  the  effect  of  this  action  is  the  simple 
and  accurate  expression  of  the  fact  which  is  ordinarily  described  as 
the  iiideBtractibility  of  matter.    It  is  obvious  that  this  persistence  is 
IB  no  sense  explained  or  accounted  for  by  the  atomic  hypothesis.     It 
may  be  that  such  persistence  is  an  attribute  of  the  minute,  insensible 
particles  which  are  supposed  to  constitute  matter,  as  well  as  of  sen- 
I       aible  masses  ;  but,  surely,  the  hypothetical  recurrence  of  a  fact  in  the 
I       atom  is  no  explanation  of  the  actual  occurrence  of  the  same  fact  in 
the  conglomerate  mass.     Whatever  mystery  is  involved  in  the  phe- 
nomenon  is  as  great  in  the  case  of  the  atom  as  in  that  of  a  solar  or 
planetary  sphere.     Breaking  a  magnet  into  fragments,  and  showing 
that  each  fragment  is  endowed  with  the  magnetic  polarity  of  the  in- 
teger magnet,  is  no  explanation  of  the  phenomenon  of  magnetism.    A 
phenomenon  is  not  explained  by  being  dwarfed.     A  fact  is  not  trans- 
formed into  a  theory  by  being  looked  at  through  an  inverted  telescope, 
'      The  hypothesis  of  ultimate  indestructible  atoms  is  not  a  necessary  im- 
plication of  the  persistence  of  weight,  and  can  at  best  account  for  the 
indestructibility  of  matter  if  it  can  be  shown  that  there  is  an  absolute 
limit  to  the  compressibility  of  matter^ — in  other  words,  that  there  is 
an  absolutely  least  volume  for  every  determinate  mass.     This  brings 
^^Bs  to  the  consideration  of  that  general  property  of  matter  which  prob- 
^Mbly,  in  the  minds  of  most  men,  most  urgently  requires  the  assump- 
^Bioii  of  atoms — its  impenetrability. 

^F  "  Two  bodies  cannot  occupy  the  same  space  **^ — such  is  the  familiar 
statement  of  the  fact  in  qucBtion.  Like  the  indestrnctibility  of  matter, 
it  is  claimed  to  be  a  datum  of  experience.  **  Corpora  omnia  irnpene- 
tntbUia  esscj"  says  Sir  Isaac  Newton  (PhiL  NaL  Princ.  Math,,  lib. 
iii.,  reg.  S),  "  fion  rations  sed  sefisii  coUigimus,^*  Lot  us  see  in  what 
sense  and  to  what  extent  this  claim  is  legitimate. 

The  proposition,  according  to  which  a  space  occupied  by  one  body 

cannot  be  occupied  by  another,  implies  the  assumption  that  space  is 

an  absolute,  Belf-measuring  entity — ^an  assumption  which  I  may  have 

occasion  to  examine  hereafter — and  the  further  assumption  that  there 

is  a  least  space  which  a  given  body  will  absolutely  fill  so  as  to  exclude 

any  other  body.     A  verification  of  this  proposition  by  experience, 

therefore,  must  amount  to  proof  that  there  is  an  absolute  limit  to  the 

compressibility  of  all  matter  whatsoever.     Kow,  does  experience  au- 

tborize  us  to  assign  such  a  limit  ?    Assuredly  not.     It  ia  true  that  in 

the  case  of  solids  and  liquids  there  are  practical  limits  beyond  which 

compression  by  the  mechanical  means  at  our  command  is  impossible ; 

but  even  here  we  are  met  by  the  fact  that  the  volumes  of  fluids,  which 

I      ef^tually  resist  all  efforts  at  further  reduction  by  external  prcesure, 

[     are  readily  reduced  by  mere  mixture.    ThuB,  sulphuric  acid  and  water 

^Bit  ordinary  temperatures  do  not  Kcnsibly  yield  to  pressure  j  but,  when 


I 


;  are  mixed,  the  resulting  volume  is  materially  less  than  the  aggre^ 


J 
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gate  yolumes  of  the  liquids  mixed.  But,  waiving  this^  as  well  as  tbe 
phenomeiia  which  emerge  in  the  processes  of  solution  and  chetoical  a^ 
tioD,  it  must  be  said  that  experience  does  not  in  any  manner  Touch 
for  the  impenetrability  of  matter  as  such  in  all  its  states  of  aggrega- 
tion, When^gasesTFe  subjected  to  pressure,  the  result  is  simply  an 
increase  of  the  expansive  force  in  proportion  to  the  pressure  exerted, 
according  to  the  hiw  of  Boyle  and  Mariotte  (the  modifications  of  and 
apparent  exceptions  to  which,  at*  exhibited  in  the  experimental  results 
obtained  by  Regnault  and  others,  need  not  here  be  stated,  becanse 
they  do  not  affect  the  argument),  A  definite  experimental  limit  is 
reached  in  the  case  of  those  gases  only  in  which  the  pressure  produces 
liquefaction  or  solidification,  Tlie  most  significant  phenomenon,  how* 
ever,  which  experience  contributes  to  the  testimony  on  this  subject  is 
the  diffusion  of  gases.  Whenever  two  or  more  gases  which  do  not  act 
upon  each  other  chemically  are  introduced  into  a  given  space,  each  gas 
diffuses  itself  in  this  space  as  though  it  were  alone  present  there ;  or, 
as  Dalton,  the  reputed  father  of  the  modem  atomic  theory,  expresses 
it,  *•  Gases  are  mutually  passive,  and  pass  into  each  other  m  intq  ^ 
vacua.''  ■■ 

Whatever  reality  may  correspond  to  the  notion  of  the  impenell^l 
bility  of  matter,  this  impenetrability  is  not,  in  the  sense  of  the  atom- 
ists,  a  datura  of  experience. 

Upon  the  whole,  it  would  seem  that  the  validity  of  the  first  propo- 
sition of  the  atomic  theory  is  not  sustained  by  the  facts.  Even  if  th« 
assumed  unchangeabOity  of  the  supposed  ultimate  constituent  particles 
of  matter  presented  itself,  upon  its  own  showing,  as  more  than  a  baw 
reproduction  of  an  observed  fact  in  the  form  of  an  hypothesis,  an*i 
could  be  dignified  with  the  name  of  a  generalization  or  of  a  iheoir, 
it  would  still  be  obnoxious  to  the  criticism  that  it  is  a  generalisation 
from  facts  crudely  observed  and  imperfectly  apprehended. 

In  this  connection  it  may  be  observed  that  the  atomic  theory  has 
become  next  to  valueless  as  an  explanation  of  the  impenetrability 
of  matter,  since  it  has  been  pressed  into  the  service  of  the  undulaton* 
theory  of  light,  heat,  etc.,  and  assumed  the  form  in  which  it  is  noir 
held  by  the  majority  of  physicists,  as  we  shall  presently  see,  Ac* 
cording  to  this  form  of  the  theory,  the  atoms  are  either  mere  points^ 
wholly  without  extension,  or  their  dimensions  are  infinitely  small  is 
compared  with  the  distances  between  them,  whatever  be  the  stat« 
of  aggregation  of  the  substances  into  which  they  enter.  In  this  riet 
the  resistance  which  a  body,  L  e.,  a  system  of  atoms,  ofi^ra  to  the  la- 
trusion  of  another  body  is  due,  not  to  the  rigidity  or  unchangeabUity 
of  volume  of  the  individual  atoms,  but  to  the  relation  between  th€ 
attractive  and  repulsive  forces  with  which  they  ar€  supposed  to  be 
endowed.  There  are  physicists  holding  this  view  who  are  of  opiaioo 
that  the  atomic  constitution  of  matter  is  conwstent  with  its  impea^ 
trabi'ity — among  them  M.  Cauchy,  who,  in  his  Sept  ZefOfis  <fe  Pht/* 


8iqu€  OiniraU  (ed-  MoignOj  PariSj  1868,  p.  38),  after  defining  atoms 
as  "  material  points  without  extension,"  usea  this  language :  *'  Thus, 
this  property  of  matter  which  wc  call  impenetrability  is  explained, 
when  we  consider  the  atoma  as  material  points  exerting  on  each  other 
attractions  and  repulsions  which  vary  with  the  distances  that  separate 
them.  .  .  •  From  this  it  follows  that,  if  it  pleased  the  anthor  of  Na- 
ture simply  to  modify  the  laws  according  to  which  the  atoms  attract 
or  repel  each  other,  we  might  instantly  see  the  hardest  bodies  pene- 
trate  each  other  '*  (that  we  might  see),  "  the  smallest  particles  of  matter 
occupy  immense  spaces,  or  the  largest  masses  reduce  themselves  to 
the  smallest  volumes,  the  entire  universe  concentrating  itself,  as  it 
were,  in  a  single  point." 

2.  The  second  fundamental  proposition  of  the  modem  atomic 
theory  avouches  the  essential  discontinuity  of  matter.  The  advocates 
of  the  theory  affirm  that  there  is  a  series  of  physical  phenomena 
which  are  inexplicable,  unless  we  assume  that  the  constituent  par- 
ticles of  matter  are  separated  by  void  interspaces,  TIae  most  notable 
among  these  phenomena  are  the  dispersion  and  polarization  of  light. 
The  grounds  upon  which  the  assumption  of  a  discrete  molecular 
structure  of  matter  is  deemed  indispensable  for  the  explanation  of 
these  phenomena  may  be  stated  in  a  few  words. 

According  to  the  undnlatory  theory,  the  dispersion  of  light,  or  its 
separation  into  spectral  colors,  by  means  of  refraction,  is  a  conse- 
luence  of  the  unequal  retardation  experienced  by  the  different  waves, 
nrhich  produce  the  different  colors,  in  their  transmission  through  the 
refiracting  medium.  This  unequal  retardation  presupposes  differences 
in  the  velocities  with  which  the  various-colored  rays  are  transmitted 
throagh  any  medium  whatever,  and  a  dependence  of  these  velocities 
apon  the  lengths  of  the  waves.  But,  according  to  a  wclbcstablished 
mechanical  theorem,  the  velocities  with  wbich  imdnlations  are  prop- 
agated through  a  continuous  medium  depend  solely  upon  the  elasticity 
of  the  medium  as  compared  with  its  inertia,  and  are  wholly  indepen* 
dent  of  the  length  and  form  of  the  waves.  The  correctness  of  this  the- 
orem is  attested  by  experience  in  the  case  of  sound*  Sounds  of  every 
pitch  travel  with  the  same  velocity.  If  it  were  otherwise,  music  heard 
at  a  distance  would  evidently  become  chaotic ;  differences  of  velocity 
in  the  propagation  of  sound  would  entail  a  distortion  of  the  rhythm, 
and,  in  many  cases,  a  reversal  of  the  order  of  succession.  Now,  differ- 
enees  of  color  ar©  analogous  to  diiierences  of  pitch  in  sound,  both  re- 
iucing  themselves  to  differences  of  wave-length.  The  lengths  of  the 
iraves  increase  as  we  descend  the  scale  of  sounds  from  those  of  a  higher 
'to  those  of  a  lower  pitch ;  and  similarly,  the  length  of  a  luminar  undu- 
lation increases  as  we  descend  the  spectral  scale,  from  violet  to  red.  It 
foUows,  then,  that  the  rays  of  different  color,  like  the  sounds  of  differ- 
ent pitch,  should  be  propagated  with  equal  velocities,  and  be  equally 
refracted ;  that,  therefore,  no  dispersion  of  light  should  take  place. 
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'  Tbls  theoretical  impossibility  of  dispersion  has  alwayn  been  reoog^ 
oized  as  one  of  the  most  formidable  difficulties  of  the  undolatory 
theory*  In  order  to  obviate  it,  Cauchy,  at  the  suggestion  of  his  firiend 
Coriolis,  entered  upon  a  series  of  analytical  investigations,  in  which  he 
succeeded  in  showing  that  the  velocities  with  which  the  varioiis  colored 
rays  are  propagated  may  vary  according  to  the  wave-lengths,  if  it  be 
assumed  that  the  ethereal  medium  of  propagation,  instead  of  being 
continuous^  consists  of  particles  separated  by  sensible  distances. 

By  means  of  a  similar  assumption,  Fresnel  has  sought  to  remove 
the  difficulties  presented  by  the  phenomena  of  polarization.  In  ordi- 
nary light,  the  di^erent  undulations  are  supposed  to  take  place  in  dif* 
ferent  directions,  all  transverse  to  the  course  or  line  of  propagation, 
while  in  polarized  light  the  vibrations,  though  still  transverse  to  the 
ray,  are  parallelized,  so  as  to  occur  in  the  same  plane.  Soon  after  this 
hypothesis  had  been  expanded  into  an  elaborate  theory  of  polarixation, 
Poifison  observed  that,  at  any  considerable  distance  from  the  sonroe 
of  the  light,  all  trauBverse  vibrations  in  a  continuous  elastic  iDedion 
must  become  longitudinaLi  As  in  the  case  of  dispersion,  thim  objectioo 
was  met  by  the  hypothesis  ot  the  existence  of  "  definite  interrala  ** 
between  the  ethereal  particles. 

These  are  the  considerations,  auccinctly  stated,  which  theoretieal 
physics  are  supposed  to  bring  to  the  support  of  the  atomic  theory*  b 
reference  to  the  cogency  of  the  argument  founded  upon  them,  it  is  10 
be  said,  generally,  that  evidence  of  the  discrete  molecular  arrangement 
of  matter  is  by  no  means  proof  of  the  alternation  of  unchangeable  md 
indivisible  atoms  with  absolute  spatial  voids.  But  it  ia  to  be  feared 
that  the  argument  in  question  is  not  only  formally,  but  also  materianj, 
fallacious.  It  is  very  questionable  whether  the  assumption  of  defimtf 
intervals  between  the  particles  of  the  luminiferous  ether  is  eompeleiit 
to  relieve  the  undulatory  theory  of  light  from  its  embarraseaMsKi. 
Tide  subject,  in  one  of  its  aspects,  has  been  thoroughly  discussed  by  K 
B,  Hunt,  in  an  article  on  the  dispersion  of  light  (>  "  \*  Jtpwnd^ 

vol.  viL,  2d  series,  p.  364,  et  seq,)^  and  the  suggest!  e  mnAt  tp- 

pear  to  me  worthy  of  serious  attention.    They  are  briefly  these : 

M,  Cauchy  brings  the  phenomena  of  dispersion  within  the  do* 
minion  of  the  undulatory  theory,  by  deducing  the  differences  In  tk 
velocities  of  the  several  chromatic  rays  from  the  difierencos  in  the  OO^ 
responding  wave-lengths  by  means  of  the  hypothesis  of  definite  inM^ 
vals  between  the  particles  of  the  light-bearing  medium.  He  iik«*  i* 
for  granted,  therefore,  that  these  chromatic  rays  are  propagated  wiA 
different  velocities.  But  is  this  the  fact  ?  Astronomy  affords  tin 
means  to  answer  this  question* 

We  experience  the  sensation  of  white  light,  when  all  the  chromit*^ 
rays  of  which  it  is  composed  strike  the  eye  simultaneously.  Tb«  l^gkl 
proceeding  from  a  luminous  body  will  appear  colorless,  even  if  tfc* 
component  rays  move  with  unequal  velocities,  provided  all  the  ooM^ 
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raysj  whiob  together  make  up  white  light,  concur  in  their  action  00 
the  retina  at  a  given  moment;  in  ordinary  cases  it  ia  immaterial 
I      whether  these  rays  have  left  the  luminous  body  successively  or  together, 
^ftBut  it  18  otherwise  when  a  luminous  body  becomes  visible  Buddenlyj 
^■a§  in  the  case  of  the  satellites  of  Jupiter,  or  Saturn,  after  their  eclipses, 
^^At  certain  periods,  more  than  49  minutes  are  requisite  for  the  trans- 
p      mission  of  light  from  Jupiter  to  the  earth,    Kow,  at  the  moment  when 
[      one  of  Jupiter's  satellites,  which  has  been  eclipsed  by  that  planet, 
emerges  from  the  shadow,  the  red  rays,  if  their  velocity  were  the  great- 
est, would  evidently  reach  the  eye  first,  the  orange  next,  and  so  on 
through  the  chromatic  scale,  until  finally  the  complemeut  of  colors 
would  be  filled  by  the  arrival  of  the  violet  ray,  whose  velocity  b 
supposed  to  be  the  least.    The  satellite,  immediately  after  its  emersion, 
'       would  appear  red,  and  gradually,  in  proportion  to  the  arrival  of  the 
other  rays,  pass  into   white.     Conversely,  at  the  beginning  of  the 
^—^clipse,  the  violet  rays  would  continue  to  arrive  after  the  red  and 
^■Dther  intervening  rays,  and  the  satellite,  up  to  the  moment  of  its  total 
disappearance,  will  gradually  shade  itito  violet. 

Unfortunately  for  Cauchy's  hypothesis,  the  most  careful  observation 
of  the  eclipses  in  question  has  failed  to  reveal  any  such  variations  of 
color,  either  before  immersion,  or  after  emersion,  the  transition  between 
light  and  darkness  taking  place  instantaneously,  and  without  chro- 
matic gradations. 

If  it  be  said  that  these  chromatic  gradations  escape  our  vision  by 
reason  of  the  inappreciabiliiy  of  the  differences  under  discussion,  as- 
tronomy points  to  other  phenomena  no  less  subversive  of  the  doctrine 
of  unequal  velocities  in  the  movements  of  the  chromatic  undulations. 
Fixed  stars  beyond  the  parallactic  limit,  whose  light  must  travel  more 
than  three  years  before  it  reaches  us,  are  subject  to  great  periodical 
variAtionB  of  splendor ;  and  yet  these  variations  are  unaccompanied 
by  rariations  of  color.  Again,  the  assumption  of  different  velocities 
for  the  different  chromatic  rays  is  discountenanced  by  the  theory  of 
aberration.  Aberration  is  due  to  the  fact  that,  in  all  cases  where  the 
orbit  of  the  planet,  on  which  the  observer  is  stationed,  forms  an  angle 
with  the  direction  of  the  luminar  ray,  a  composition  takes  place  be- 
tween the  motion  of  the  light  and  the  motion  of  the  planet,  so  that 
the  direction  In  which  the  light  meets  the  eye  is  a  resultant  of  the  two 
component  directions — the  direction  of  the  ray  and  that  of  the  ob- 
server's motion.  If  the  several  rays  of  color  moved  with  different 
velocities  there  would  evidently  be  several  resultants,  and  each  star 
would  appear  as  a  colored  spectrum  longitudinally  parallel  to  the 
direction  of  the  earth's  motion. 

The  alleged  dependence  of  the  velocity  of  the  undulatory  move- 
ments, which  correspond  to,  or  produce,  the  different  colors,  upon  the 
Ifiogtb  of  the  waves,  is  thus  at  variance  with  obsen^ed  fact.  The 
^fpotbesia  of  definite  intervals  is  unavailable  as  a  supplement  to  the 
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undulatory  theory ;  other  methods  will  have  to  be  resorted  to  m  ofte 
to  free  this  theory  from  its  difficulties.'  H 

3.  The  third  proposition  of  the  atomic  hypothesis  assigns  to  iB 
atoms,  which  are  said  to  compose  the  diflfereat  chemical  elements,  de- 
terminate weights  correspondiiig  to  their  equivalents  of  combination, 
and  is  suppossed  to  be  necessary  to  account  for  the  i^cts  whose  enu- 
meration and  theory  constitute  the  science  of  chemistry.  The  proper 
verification  of  these  facts  is  of  great  difficulty,  because  they  have  geii- 
erally  been  observed  through  the  lenses  of  the  atomic  theoryi  «^ 
stated  in  its  doctrinal  terms.  Thus  the  diferentiation  and  IntegraiH 
of  bodies  are  invariably  described  as  decomposition  and  compositi^| 
the  equivalents  of  combination  are  designated  as  atomic  weight^| 
volumes,  and  the  greater  part  of  chemical  nomenclattire  is  a  sysl^l 
atic  reproduction  of  the  assumptions  of  atomism.  Nearly  all  the  fl^| 
to  be  verified  are  in  need  of  preparatory  enucleation  from  the  envdlH 
of  this  theory. 

The  phenomena  usually  described  as  chemical  composition  and  de* 
composition  present  themselves  to  observation  thus :  A  number  of 
heterogeneous  bodies  concur  in  definite  proportions  of  weight  orvol* 
ume ;  they  interact ;  they  disappear,  and  give  rise  to  a  new  body  po«- 
sessing  properties  which  are  neither  the  sum  nor  the  mean  of  the  prop* 
erties  of  the  bodies  concurring  and  interacting  (ercepting  the  weight 
which  is  the  aggregate  of  the  weights  of  the  interacting  bodies),  ami 
this  conversion  of  several  bodies  into  one  is  accompanied,  in  most 
cases,  by  changes  of  volume,  and  in  all  cases  by  the  evolution  or  in- 
Tolution  of  heat,  or  light,  or  of  both.  Conversely,  a  single  bomogeneoas 
body  gives  rise  to  heterogeneous  bodies,  between  which  and  the  body 
out  of  which  they  originate  the  persistence  of  weight  la  the  only  re- 
lation of  identity. 

For  the  sake  of  convenience,  these  phenomena  may  be  dis^ibated 
into  three  classes,  of  which  the  first  embraces  the  persistence  of  weight 
and  the  combination  in  definite  proportions;  the  second,  the  change 
of  volume  and  the  evolution  of  light  and  heat;  and  the  thiid,tbe 
emergence  of  a  wholly  new  complement  of  chemical  properties. 

Obviously,  the  atomic  hypothesis  is  in  no  sense  an  explanatioQ  of 
the  phenomena  of  the  second  class.     It  is  clearly  and  confessedly  ia- 

^  €fttich/§  theory  of  disfMrsion  is  subject  to  another  difflcultj,  of  whidiiM)  D0l«1i 
taken  by  Hunt :  it  does  Dot  account  for  the  dilTereDt  refnictiDg  powers  of  diffineot  9^ 
stauce^.  Indeed^  accOTding  to  Cauchj^a  fortDnlaD  (whose  tenos  are  expressive  Aloiply  of 
the  di^ tan CC9  between  tbo  ethereal  parLlelea  and  their  hjpothetieal  forces  of  attniOl]4li 
and  repulstOTi),  the  refractmg  powers  of  all  siibstances  whatever  must  be  the  saoa,  tm* 
leas  each  Bubstanec  ia  proridod  witb  a  peculiar  ether  of  its  own.  If  this  be  the  caa^  ti» 
assemblage  of  atoms  in  a  p^iyon  body  is  eertoliily  a  yerj  motley  aflktr,  espedalij  if  \\^ 
true,  as  W.  A,  Norton  and  sererat  other  physicists  assert,  that  tbero  18  «i  electric  elJier 
distinct  from  the  luminifermis  ether*  Kettenhacher  (^' Dynamidensystem,^^  p.  ISO^ifasg^) 
attempts  to  overcome  the  difflcolty  by  the  hypothesis  of  mutual  action  between  tbeco^ 
puscular  and  ethereal  atoms. 
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competent  to  account  for  changes  of  volume  or  of  temperature.  ABd, 
with  the  phenomena  of  the  third  class,  it  is  apparently  incompatible. 
For,  in  the  light  of  the  atomic  hypothesis,  chemical  compositions  and 
decompositions  are  in  their  nature  nothing  more  than  aggregations 
and  segregations  of  masses  whose  integrity  remains  inviolate.  But 
the  radical  change  of  chemical  properties,  which  is  the  result  of  all 
true  chenucal  action,  and  serves  to  distinguish  it  from  mere  mechani- 
cal mixture  or  separation,  evinces  a  thorough  destniction  of  that  in- 
tegrity. It  may  be  that  the  appearance  of  this  incompatibility  can  be 
obliterated  by  the  device  of  ancillary  hypotheses ;  but  that  leads  to 
an  abandonment  of  the  simplicity  of  the  atomic  hypothesis  itself,  and 
thus  to  a  surrender  of  its  claims  to  merit  as  a  theory. 

At  best,  then,  the  hypothesis  of  atoms  of  definite  and  different 
weights  can  be  offered  as  an  explanation  of  the  phenomena  of  the  first 
class.  Does  it  explain  them  in  the  sense  of  generalizing  them,  of  re- 
ducing many  facts  to  one?  Kot  at  all  j  it  accounts  for  them,  as  it 
professed  to  account  for  the  indestnictibility  and  impenetrability  of 
matter,  by  simply  iterating  the  observed  fact  in  the  form  of  an  hy- 
pothesis. It  is  another  case  (to  borrow  a  scholastic  phrase)  of  illus- 
trating idem  per  idem.  It  says :  The  large  masses  combine  in  deft- 
^Ditely-proportionate  weights  because  the  small  masses,  the  atoms  of 
hich  they  are  multiples,  are  of  definitely-proportionate  weight.  It 
>ulTeiTZ€B  the  feet,  and  claims  thereby  to  have  sublimated  it  into  a 
eory. 
Upon  closer  examination,  moreover^  the  assumption  of  atoms  of 
different  specific  gravities  proves  to  be,  not  only  futile,  but  abgyrd. 
manifest  theoretical  ineptitude  is  found  to  mask  the  most  fatal 
[Consistencies.  According  to  the  mechanical  conception  which  un- 
derlies the  whole  atomic  hypothesis,  differences  of  weight  are  differ- 
of  density;  and  differences  of  density  are  differences  of  distance 
een  the  particles  contained  in  a  given  space.  Now,  in  the  atom 
there  is  no  multiplicity  of  particles,  and  no  void  space;  hence  dif- 
ferences of  density  or  weight  are  irapospible  in  the  case  of  atoms. 

It  is  to  be  observed  that  the  attribution  of  different  weights  to  dif- 

ierent  atoms  is  an  indispensable  feature  of  the  atomic  theory  in  chem- 

tiy,  especially  in  view  of  the  combination  of  gases  in  simple  ratios 

if  volume,  so  as  to  give  rise  to  gaseous  products  bearing  a  simple 

^tio  to  the  volumes  of  its  constituents,  and  in  view  of  the  law  of 

ip^re  and  Clausius,  according  to  which  all  gases,  of  whatever  nature 

or  weight,  contain  equal  numbers  of  molecules  in  equal  volumes. 

The  inadequacy  of  the  atomic  hypothesis  as  a  theory  of  chemical 

changes  has  been  repeatedly  pointed  out  by  men  of  the  highest  scien- 

.ific  authority,  such  as  Grove   {Correlation  of  Physical  ForceSy  in 

oumans^s  **  Correlation  and  Conservation  of  Forces,"  p.  164,  et  aeg.)^ 

id  ia  becoming  more  apparent  from  day  to  day.     I  shall  have  occa- 

»n  to  inquire,  hereafter,  what  promise  there  is,  in  the  present 
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of  chemical  scienoei  of  a  true  generalizatioQ  of  the  pheoomena  of  com- 
bination in  defijiite  proportions,  both  of  weight  and  volame,  which  is 
independent  of  the  atomic  doctrine,  and  will  serve  to  connect  a  num- 
ber of  concomitant  facts  for  which  this  doctrine  is  utterly  incompetent 
to  account. 

It  is  not  infrequently  asserted  by  the  advocates  of  the  atomic 
theory  that  there  is  a  number  of  other  phenomena,  in  addition  to 
those  of  combination  in  de&iite  proportions,  which  are  strongly  indicSf 
tive  of  the  truth  of  the  atomic  theory.  Among  these  phenometi^  are 
isomerism,  poly merism,  and  allotropy.  But  it  is  very  doubtful  whether 
this  theory  is  countenanced  by  the  phenomena  in  question.  The  exisl^ 
ence  of  different  allotropic  states,  in  an  elementary  body  said  lo  con- 
sist of  but  one  kind  of  atoms,  is  explicable  by  the  atomic  hypotlmi 
in  no  other  way  than  by  deducing  these  different  states  from  dlvefli' 
ties  in  the  grouping  of  the  different  atoms.  But  this  explanation  ap> 
plies  to  solids  only,  and  fails  in  the  cases  of  liquids  and  gases.  The 
same  remark  applies  to  isomerism  and  polymerism. 

From  the  foregoing  considerations,  I  take  it  to  be  dear  that  the 
atomic  hypothesis  mistakes  many  of  the  facts  which  it  seeks  to  fx- 
plain  ;  that  it  accounts  imperfectly  or  not  at  all  for  a  number  of  other 
facts  which  are  correctly  apprehended ;  and  that  there  are  cases  In 
which  it  appears  to  be  in  irreconcilable  conflict  with  the  data  of  eipe- 
rience-     As  a  physical  theory,  it  is  barren  and  useless,  inasmuch  «it 
lacks  the  first  requisite  of  a  true  theory — that  of  being  a  geij 
tion,  a  reduction  of  several  facta  to  one;  it  is  essentially  one  ui  _ 
spurious  flgments  of  the  brain,  based  upon  an  ever-increasing  muitipU- 
catio  entium  praeter  n^cesaUcUem^  which  are  characteristic  of  the  pre- 
scientific  epochs  of  human  intelligence,  and  against  which  the  whde 
spirit  of  modem  science  is  an  emphatic  protest     Moreover,  m  iU 
logical  and   psychological    aspect,  as  we  shall  hereafter  ae^ 
clearly,  it  is  the  clumsiest  attempt  ever  made  to  transcend  the 
of  relations  in  which  all  objective  reality,  as  well  aa  all  thooglit, 
has  its  being,  and  to  grasp  the  absolute  ^^ens  per  atse^jbdhsm^fwob^ 

I  do  not  speak  here  of  a  number  of  other  difficulties  which  emeigt 
upon  a  minute  examination  of  the  atomic  hypothesis  in  its  two  pcs- 
cipal  varieties,  the  atoms  being  regarded  by  some  pbysicista  as  tx* 
tended  and  figured  masses,  and  by  others  as  mere  centres  of  fon». 
In  the  former  case  the  assumption  of  physical  indivisibility  h&&mfi 
gratuitous,  and  that  of  mathematical  indivisibility  absurd;  whil«  is 
the  latter  case  the  whole  basis  of  the  relation  between  force  and  mm^ 
or  rather  force  and  inertia,  without  which  the  conception  of  eiibtf 
term  of  the  relation  is  impossible,  is  destroyed.  Some  of  these  <Iifr 
culties  are  frankly  admitted  by  leading  men  of  scienoa— for  instiaMi 
by  Du  Bois-Reymond,  in  the  lecture  above  cited.  Nevertheleess  it  ^ 
aflserted  that  the  atomic,  or  at  least  molecular,  constitution  of  matter 
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ifi  the  only  fonn  of  material  existence  wbich  can  be  realized  in  thought. 
In  what  sense,  and  to  what  extent,  this  assertion  is  well  founded,  will 
^      be  my  next  subject  of  examiiiation. 

L  fTIHE  wreck  of  the  Atlantic,  followed  cloaely  by  that  of  the  City  of 
^LI^  Washington  nearly  on  the  same  spot,  has  led  many  to  inquire 
^^nto  the  circumstancea  on  which  depends  a  captain's  knowledge  of  the 
position  of  his  ship.  In  each  ease,  though  not  in  the  same  way,  the 
ship  was  supposed  to  be  far  from  laed^  when  in  reality  quite  close  to 
it*  In  each  case,  in  fact,  the  ship  had  overeailed  her  reckoning.  A 
slight  exaggeration  of  what  travellers  so  much  desire — a  rapid  pas- 
«igo— proved  the  destruction  of  the  ship,  and  in  one  case  occasioned 
%  fesrfol  loss  of  life.  And,  although  such  events  are  foitunately  infre- 
quent in  Atlantic  voyages,  yet  the  bare  possibility  that,  besides  or- 
dinary sea-risks,  a  ship  is  exposed  to  danger  from  simply  losing  her 
way,  suggests  unpleasant  apprehensions  as  to  the  general  reliability 
of  the  methods  in  use  for  determining  where  a  ship  is,  and  her  prog- 
^reSB  from  day  to  day. 
^B  I  propose  to  give  a  brief  sketch  of  the  methods  in  use  for  finding 
^^he  way  at  sea,  in  order  that  the  general  principles  on  which  safety 
depends  may  be  recognized  by  the  general  reader. 

It  is  known,  of  course,  to  every  one,  that  a  ship's  course  and  rate 
^_ef  sailing  are  carefully  noted  throughout  her  voyage.  Every  change 
^Bof  her  course  is  taken  account  of,  as  well  as  every  change  in  her  rate 
^of  advance,  ivhether  under  sail  or  steam,  or  both  combined.  If  31U 
this  could  be  quite  accurately  managed,  the  position  of  the  ship  at 
any  hour  could  be  known,  because  it  would  be  easy  to  mark  down  on 
%  chart  the  successive  stages  of  her  journey,  from  the  moment  when 
fthe  left  port.  But  a  variety  of  circumstances  renders  this  impossible. 
To  begin  with :  the  exact  course  of  a  ship  cannot  be  known,  be- 
cause there  is  only  the  ship's  compass  to  determine  her  course  by,  and 
&  ship's  compass  is  not  an  instrument  affording  perfectly  exact  indica- 
ons.  Let  any  one  on  a  sea-voyage  observe  the  compass  for  a  short 
e,  being  careful  not  to  break  the  good  old  rule  which  forbids  speech 
the  **  man  at  the  wheel,"  and  he  will  presently  become  aware  of 
ie  fact  that  the  ship  is  not  kept  rigidly  to  one  course,  even  for  a  short 
e.  The  steersman  keeps  her  as  near  as  he  can  to  a  particular 
course,  but  she  is  continually  deviating,  now  a  little  on  one  side,  now 
A  little  on  the  other,  of  the  intended  direction ;  and  even  the  general 
^iCCoracy  with  which  that  course  is  followed  is  a  matter  of  estimation, 
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and  depends  on  tlie  skill  of  the  individual  steersman.  Looking  at 
the  compass-cardj  in  steady  weather^  a  course  may  seem  very  clo^y 
followed ;  perhaps  the  needle's  end  may  not  be  a  hundredth  part  of 
an  inch  (on  the  average)  from  the  position  it  should  have.  But  a  hun* 
dredth  part  of  an  inch  on  the  circumference  of  the  compass-card 
would  coiTespond  to  a  considerable  deviation  in  the  course  of  a  rim 
of  twenty  or  thirty  kuots ;  and  there  is  nothing  to  prevent  the  errors 
so  arising  from  accumulating  in  a  long  journey  until  a  ship  might  be 
thirty  or  forty  miles  from  her  estimated  place.  To  this  may  be  atlded 
the  circumstance  that  the  direction  of  the  needle  is  different  in  differ- 
ent parts  of  the  earth.  In  some  places  it  points  to  the  east  of  the 
north,  in  others  to  the  west.  And,  although  tlie  actual  "  variation  of 
the  compasSi"  as  this  peculiarity  is  called,  is  known  in  a  general  way 
for  all  parts  of  the  earth,  yet  such  knowledge  has  no  claim  to  actual 
exactness.  There  is  also  an  important  danger,  as  recent  instances 
have  shown,  in  the  possible  change  of  the  position  of  the  ship^s  com- 
pass, on  accoimt  of  iron  in  her  cargo. 

But  a  far  more  important  cause  of  error,  in  determinations  mertly 
depending  on  the  log-book,  is  that  arising  from  uncertainty  as  to  the 
ship's  rate  of  progress.  The  log-line  gives  only  a  roagh  idea  of  the 
ship's  rate  at  the  time  when  the  log  is  cast  j '  and,  of  course,  a  ship's 
rate  does  not  remaiu  constant,  even  when  she  is  under  steam  alone. 
Then,  again,  currents  carry  the  ship  along  sometimes  with  oon^dri^ 
able  rapidity  J  and  the  log-line  affords  no  indication  of  their  action: 
while  no  reliance  can  be  placed  on  the  estimated  rates,  even  of  knoim 
currents.  Thus  the  distance  made  on  any  course  may  differ  cotlsid€^ 
ably  from  the  estimated  distance ;  and,  when  several  days'  sailing  a« 
dealt  with,  an  error  of  large  amount  may  readily  accumulate. 

For  tliese  and  other  reasons,  a  ship's  captain  places  little  rcliaW 
on  what  is  called  "  the  day's  work  " — that  is,  the  change  in  the  ship's 
position  from  noon  to  noon  as  estimated  from  the  compasa-oonisei  ^ 
tered  in  the  log-book,  and  the  distances  supposed  to  be  run  ou  iheit 
courses.  It  is  absolutely  essential  that  such  estimates  should  be  e&r«fhi* 
ly  made,  becaase,  under  favorable  conditions  of  weather,  there  miyh* 
no  other  means  of  guessing  at  the  ship's  position.  But  tlie  only 
reliable  way  of  determining  a  ship's  place  is  by  astroDomical  ol 
tions.  It  is  on  this  account  that  the  almanac  published  by  the 
miralty,  in  which  the  position  and  apparent  motions  of  the  oel««Bll 
bodies  are  indicated,  four  or  £ve  years  in  advance,  is  called,  jmtMI^ 

'  The  log  ift  a  flat  piece  of  wood  of  quadrantal  shape,  bo  loaded  at  the  ^m.  aa  If^i^ 
with  the  point  (that  t^,  the  centre  of  the  quadrant)  uppermoaL  To  ihia  a  Gat  *^^ 
800  ynrda  Xars^  is  fastened*  The  log  ia  thrown  overboard,  and  eomctt  ilmoft  liinMii^ir 
to  roat  on  the  surface  of  the  aea,  the  line  beiog  auffered  to  rtm  frotly  cmt  Bf  i 
tbo  log-line  diTided  into  equal  apacefl,  called  hmU^  of  known  leogUi,  aikd  bjr  ohisii^ 
how  manj  of  these  run  ouc^  wlule  the  sand  in  a  half-mmut«  boitr>^Wt  ii  roimu^'^  | 
Bhip'fl  rate  of  motion  is  roughlj  Inferred.  The  whole  process  li  pooeaitfiij  roQ^  ^^ 
the  line  cannot  even  be  slmightened. 
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the  Nautical  Almanac,  The  astronomerj  in  his  fixed  observa- 
tory, finds  this  almanac  essential  to  the  prosecution  of  his  observa- 
tions^ the  student  of  theoretical  astronomy  has  continual  occasion  to 
refer  to  it ;  but,  to  the  sea-captain,  the  Nautical  Almanac  has  a  far 
more  important  nse.  The  lives  of  sailors  and  passengers  are  depend- 
ent upon  its  accuracy.  It  is,  again,  chiefly  for  the  sailor  that  our 
great  nautical  observatories  have  been  erected,  and  that  our  astron- 
omer-royal aud  his  officers  are  eugaged.  What  other  work  they 
may  do  is  sobsidiary,  and,  as  it  were,  incidental.  Their  chief  work  is 
to  time  this  great  clock,  our  earth,  and  so  to  trace  the  motions  of 
those  celestial  indices,  which  afford  our  fundamental  time-measures, 
as  to  insure  as  far  as  poBsible  the  safety  of  our  navy,  royal  and  mer- 
cantile.* 

Let  us  see  how  this  is  brought  about,  not,  indeed,  by  inqniring  into 
the  processes  by  which,  at  the  Greenwich  Observatory,  ihe  elements 
of  safety  are  obtained,  but  by  considering  the  method  by  which  a  sea- 
man makes  use  of  these  elements. 

In  the  measures  heretofore  considered,  the  captain  of  a  ship  in 
reality  relies  on  terrestrial  measurements.  He  reasons  that,  being  on 
such  and  such  a  day  in  a  given  place,  and  having  in  the  interval  sailed 
80  many  miles  in  such  and  such  directions,  be  must  at  the  time  being 
be  in  such  and  such  a  place.  This  is  called  *' navigation.*'  In  the 
processes  next  to  be  considered,  which  constitute  a  part  of  the  science 
of  nautical  astronomy,  the  seaman  trusts  to  celestial  observations  in- 
dependently of  all  terrestrial  measurements. 

The  points  to  be  determined  by  the  voyager  are  his  latitude  and 
Dgitude.  The  latitude  is  the  distance  north  or  south  of  the  equa- 
tor, and  is  measured  always  from  the  equator  in  degrees,  the  distance 
from  equator  to  pole  being  divided  into  ninety  equal  parts,  each  of 
which  is  a  degree,"  The  longitude  is  the  distance  east  or  west  of 
nwich  (in  English  usage,  but  other  nations  employ  a  different 
rting-point  for  measuring  longitudes  from).     Longitude  is  not  meas- 

d  in  miles,  but  in  degrees^    The  way  of  measuring  is  not  very 

*  Thii  eonBidcration  has  been  altogether  lost  eight  of  in  certain  recent  propositioiis 

extending  goTemment  aid  to  afttronomicftl  inquiries  of  nnotber  sort.     It  may  lie  a 

deairablc  thing  tfaftt  government  should  find  meana  for  tn(|uiriiig  into  the  phyfiicftl 

[Hon  of  sua  and  moon^  planets  and  comete,  Btars  and  all  the  Tanoua  orders  of  etar- 

iten.     But,  if  such  mnltera  are  to  be  studied  at  government  eipejise,  it  should  he  un- 

Etood  Aat  the  inquiry  m  undertaken  with  the  sole  purpose  of  advancing  otir  knowl- 

of  iheae  mterestmg  eulsjects,  and  should  not  be  brought  into  comparison  with  the 

Lrian  Uborg  for  which  our  Royal  Obaerratory  waa  founded. 

Throughout  this  explanation  all  minuter  details  are  neglected.     In  reality,  in  conse- 
of  the  flattening  of  the  earth's  globe,  the  dcgreei}  of  tatityde  are  not  equal,  being 
tii«  farther  we  go  from  the  equator.     Moreover,  strictly  speaking.  It  is  incorrect 
«p«flk  of  diataoceft  being  divided  into  degrees,  or  to  say  that  a  degree  of  latitude  or 
itnde  contains  ao  many  miles  ;  yet  it  h  so  exceedingly  ineonvenient  to  employ  any 
way  of  speaking  in  popular  do^criptioOf  that  I  truit  any  aatronomers  or  matb«iDa- 
wbo  may  read  thii  article  will  forgive  the  soleelam. 
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readily  ex]>lained  withont  a  globe  or  diagrams,  but  may  be  thua  iofr 
cated :  Suppose  a  circle  to  run  completely  round  the  earth,  through 
Greenwich  and  both  the  poles ;  now,  if  this  circle  be  supposed  free  to 
turn  upon  the  polar  axis,  or  on  the  poles  as  pivots,  and  the  half  which 
crosses  Greenwich  be  carried  (the  nearest  way  round)  till  it  crossei 
some  other  station,  then  the  arc  through  which  it  is  carried  is  called 
the  longitude  of  the  station,  and  the  longitude  is  easterly  or  westerly 
according  as  thiB  half-circle  has  to  be  shifted  toward  the  east  or  we«t. 
A  complete  half-turn  is  180°,  and,  by  taking  such  a  half-turn  eiibo 
eastwardly  or  westwardly,  the  whole  surface  of  the  earth  ia  included. 
Points  which  are  180°  east  of  Greenwich  are  thus  also  180**  west  of 
Greenwich. 

So  much  is  premised  in  the  way  of  explanation  to  make  the  present 
paper  complete ;  but  ten  minutes^  inspection  of  an  ordinary  terrestmi 
globe  will  show  the  true  meaning  of  latitude  and  longitude  mow 
clearly  (to  those  who  happen  to  have  forgotten  what  they  learned  at 
school  on  these  points)  than  any  verbal  description. 

Now,  it  is  BuMciently  easy  for  a  sea-captain  in  fine  weather  to  de- 
termine his  latitude.  For  places  in  different  latitudes  have  diSerent 
celestial  scenery,  if  one  may  so  describe  the  aspect  of  the  stellar  bstv* 
ens  by  night  and  the  course  traversed  by  the  sun  by  day.  The  height 
of  the  pole-star  above  the  horizon,  for  instance,  at  once  indicates  the 
latitude  very  closely,  and  would  indicate  the  latitude  exactly  if  the 
pole-star  were  exactly  at  the  pole  instead  of  being  merely  close  la  it 
But  the  height  of  any  known  star  when  due  south  also  gives  th«  bti* 
tnda  For,  at  every  place  in  a  given  latitude,  a  star  lises  to  a  gira 
greatest  height  when  due  south ;  if  we  travel  farther  south,  the  stir 
will  be  higher  when  due  south ;  if  we  travel  farther  north,  it  will  he 
lower ;  and  thus  its  observed  height  shows  just  how  far  north  of  ihe 
equator  any  northerly  station  is,  while,  if  the  traveller  is  in  the  South- 
ern Hemisphere,  corresponding  observations  show  how  far  to  the  south 
of  the  equator  he  is. 

But  commonly  the  seaman  trusts  to  observation  of  the  sun  to  givf 
him  his  latitude.  The  observation  is  made  at  noon,  when  the  sun  b 
highest  above  the  horizon.  The  actual  height  is  determined  by  meaM 
of  the  instrument  called  the  sextant.  This  instrument  need  not  he 
here  described  ;  but  thug  much  may  be  mentioned  to  explain  that  pr^ 
cess  of  taking  the  sun's  meridian  altitude  which,  no  doubt,  every  one 
has  witnessed  who  has  taken  a  long  sea-journey.  The  sextant  ii  » 
devised  that  the  observer  can  see  two  objects  at  once,  one  directly  vsA 
the  other  after  reflection  of  its  light ;  and  the  amount  by  which  he  hi« 
to  move  a  certain  bar  carrying  the  reflecting  arrangement,  in  order  u» 
bring  the  two  objects  into  view  in  the  same  direction,  shows  hixn  th* 
real  divergence  of  lines  drawn  from  his  eye  to  the  two  objects.  To 
take  the  sun's  altitude,  then,  with  this  instrument,  the  observer  tsta 
the  sun  as  one  object  and  the  horizon  directly  below  the  sun  as  th 
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Cither :  he  brings  them  into  view  togetherj  and  then,  looking  at  the 
sextant  to  see  how  much  he  has  had  to  move  the  swmging  arm  which 
carries  the  reflecting  glasses,  he  leams  how  high  the  sun  is.  This  being 
done  at  noon,  with  proper  arrangements  to  insure  that  the  greatest 
leight  then  reached  by  the  sun  is  observed,  at  once  indicates  the  lati- 
;ude  of  the  observer.  Suppose,  for  example,  he  finds  the  sun  to  be 
40°  above  the  horizon,  and  the  Nautical  Almanac  tells  him  that,  at 
the  time  the  sun  is  10°  north  of  the  celestial  equator,  then  he  knows 
that  the  celestial  equator  is  30"*  above  the  southern  horizon.  The  pole 
of  the  heavens  is,  therefore^  60^  above  the  northern  horizon,  and  the 
voyager  is  in  60°  north  latitude.  Of  course,  in  all  ordinary  cases,  the 
number  of  degrees  is  not  exact,  as  I  have  here  for  simplicity  sup- 
posed, and  there  are  some  niceties  of  observation  which  would  have 
to  be  taken  into  account  in  real  work.  But  the  principle  of  the  method 
sufficiently  indicated  by  what  has  been  said,  and  no  useful  purpose 
could  be  served  by  considering  minutiae. 

Unfortunately,  the  longitude  is  not  determined  so  readily.     The 

very  circumstance  which  makes  the  determination  of  the  latitude  so 

imple  introduces  the  great  difficulty  which  exists  in  finding  the  Ion- 

tade.    I  have  said  that  all  places  in  the  same  latitude  have  the  same 

ial  scenery  •  and  precisely  for  this  reason  it  ia  difficult  to  dis- 

ish  one  such  place  from  another,  that  is,  to  find  on  what  part  of 

,s  particular  latitude-circle  any  place  may  lie. 

If  we  consider,  however,  how  longitude  ia  measured,  and  what  it 

really  means,  we  shall  readily  see  where  a  solution  of  the  difficulty  is 

to  be  sought.    The  latitude  of  a  station  means  how  far  toward  either 

pole  the  station  ia ;  its  longitude  means  how  far  round  the  station  is 

from  some  fixed  longitude.     But  it  is  by  turning  round  on  her  axis 

that  the  earth  causes  the  changes  which  we  call  day  and  night ;  and 

therefore  these  must  happen  at  different  times  in  places  at  different 

nces  round.     For  example,  it  is  clear  that,  if  it  is  noon  at  one  sta- 

on,  it  must  be  midnight  at  a  station  half-way  round  from  the  former. 

id  if  any  one  at  one  station  could  telegraph  to  a  person  at  another, 

**It  is  exactly  noon  here,'*  while  this  latter  person  knew  from  his  clock 

or  watch  that  it  was  exactly  midnight  where  he  was,  then  he  would 

know  that  he  was  half-way  round  exactly.     He  would,  in  fact,  know 

his  longitude  from  the  other  station.    And  so  with  smaller  diffierences, 

le  earth  turns,  we  know,  from  west  to  east — that  is,  a  place  lying  due 

\t  at  another  is  so  carried  as  presently  to  occupy  the  place  which 

erly  neighbor  had  before  occupied,  while  this  last  place  has 

farther  east  yet.     Let  us  suppose  an  hour  is  the  time  required  to 

carry  a  westerly  station  to  the  position  which  had  been  occupied  by  a 

lion  to  the  east  of  it.     Then  manifestly  every  celestial  phenomenon 

ndlng  on  the  earth's  turning  will  occur  an  hour  later  at  the  west- 

ly  station.     Sunrise  and  sunset  are  phenomena  of  this  kind.     If  I 

legrapb  to  a  friend  at  some  station  far  to  the  west,  but  in  the  same 
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laiitGdc,  "  The  sun  is  rising  berc,'*  and  he  fax^  that  lie  h&a  to  wait  ci- 
actly  au  hour  before  the  sun  rises  there^  then  be  knows  ihat  be  b  ood 
hour  west  of  me  in  longitude,  a  most  inexact  yet  very  convenient  and 
unmistakable  way  of  speaking.  As  there  are  twenty-four  hours  in  tii« 
day,  while  a  complete  circle  running  through  my  station  and  bis  (and 
everywhere  in  the  same  latitude)  is  supposed  to  be  divided  into  360^, 
he  is  16^  (a  24th  part  of  360)  west  of  me;  and,  if  my  station  ia  Green- 
wich, he  is  in  what  we,  in  England^  call  15*  west  longitude,* 

But  what  is  true  of  sunrise  and  sunset  in  the  same  latitudes  aod 
dificrent  longitudes,  is  true  of  noon  whatever  the  latitude  may  be. 
And  of  course  it  is  true  of  the  southing  of  any  known  star.  Only  un- 
fortunately one  cannot  tell  the  exact  instant  when  either  the  sun  or  a 
star  is  due  south  or  at  its  highest  above  the  horizon*  Still,  speaking 
generally,  and  for  the  moment  limiting  our  attention  to  noon,  every 
station  toward  the  west  has  noon  later,  while  every  station  toward 
the  east  has  noon  earlier,  than  Greenwich  (or  whatever  reference  sta- 
tion is  employed). 

I  shall  presently  return  to  the  question  how  the  longitude  ia  to  be 
determined  with  sufficient  exactness  for  safety  in  sea-voyages^  Bat 
I  may  digress  here  to  note  what  happens  in  sea-voyages  where  the 
longitude  changes.  If  a  voyage  is  made  toward  the  west,  as  from 
England  to  America,  it  is  manifest  that  a  watch  set  to  Greenwich 
time  will  be  in  advance  of  the  local  time  as  the  ship  proceeds  w«si- 
ward,  and  will  be  more  and  more  in  advance  the  farther  the  ship  tT^r- 
els  in  that  directioa.  For  instance,  suppose  a  watch  shows  Greenwich 
time ;  then  when  it  is  noon  at  Greenwich  the  watch  will  point  to 
twelve,  but  it  will  be  an  hour  before  noon  at  a  place  15*  west  of 
Greenwich,  two  hours  before  noon  at  a  place  SO''  weat^  and  so  oo: 
that  is,  the  watch  will  point  to  twelve  when  it  la  only  elcnn 
o'clock,  ten  o'clock,  and  so  on,  of  local  time.  On  arrival  at  Neir 
York,  the  traveller  would  find  that  his  watch  was  nearly  ftfi 
hours  fast.  Of  course  the  reverse  happens  in  a  voyage  toward  the 
east.  For  instance,  a  watch  set  to  New- York  time  would  be  foimd 
to  be  nearly  five  hours  slow,  for  Greenwich  time,  when  the  tr»v<ll*f 
arrived  in  England. 

In  the  following  passage  these  efifects  are  homorously  Ulufttrslsd 
by  Mark  Twain : 

"  Young  Mr.  Blucher,  who  is  from  the  Far  West,  and  on  his  firit 
voyage  "  (from  New  York  to  Europe)  "  was  a  good  deal  worried  by 
the  constantly-changing  '  ship-time.*  He  was  proud  of  his  new  witcfc 
at  first,  and  used  to  drag  it  out  promptly  when  eight  bells  struck  tl 
noon,  but  he  came  to  look  after  a  while  as  if  he  were  loolng  conJ' 

» In  lhi»  cise,  ho  b  "  ^t  wa"  (wWch,  I  trust,  will  not  be  tho  oue  with  the  ir^tfX 
m4,  we  may  BoppoBc.  connected  wiUi  Greenwich  by  Bubmarina  tele^rapli  in  ooaMoT 
Mug  kid.  In  fact,  the  position  of  the  Great  Eastern  thnmghotti  her  cahl^JiTb^jOtt' 
iJey*.  waa  determhied  by  a  method  analogoni  to  that  sketched  ^bOf«L 
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dence  in  it.  Seven  days  out  from  Ifl'ew  York  he  came  on  deck,  and 
said  with  great  decision,  *This  thing's  a  swindle  1'  *  What^a  a  Bwin- 
dle?*  *  Why,  ibis  watch.  I  bought  her  out  in  Illinois — gave  §150 
for  her,  and  I  thought  she  was  good.  And,  by  George,  Hhe  u  good 
on  shore,  but  somehow  she  don't  keep  up  her  lick  here  on  the  water — 
gets  sea-sick,  may  be.  She  skips  j  she  runs  along  regular  enough,  till 
half-past  eleven,  and  then  all  of  a  sudden  she  lets  down.  I've  set  that 
old  regulator  up  faster  and  faster,  till  Pve  shoved  it  clear  round,  but 
it  don't  do  any  good ;  she  just  distances  every  watch  in  the  ship,*  and 
clatters  along  in  a  way  that's  astonishing  till  it's  noon,  but  them  '*  eight 
bells  '*  always  gets  in  about  ten  minutes  ahead  of  her  any  way.  I  don't 
know  what  to  do  with  her  now,  She*s  doing  all  she  can;  she's  going 
her  best  gait,  but  it  won't. save  her.  Now,  don't  you  know  there  ain't 
a  Watch  in  the  ship  that's  making  better  time  than  she  is  ;  but  what 
does  it  signify  ?  When  you  hear  them  "  eight  bells,"  you'll  find  her 
just  ten  minutes  short  of  her  score — sure.'  The  ship  was  gaining  a 
full  hour  every  three  days,  and  this  fellow  was  trying  to  make  his 
watch  go  fast  enough  to  keep  up  to  hen  But,  as  he  had  said,  he  had 
pushed  the  regulator  up  as  far  as  it  would  go,  and  the  watch  was 
*on  its  best  gait,'  and  so  nothing  was  left  him  but  to  fold  his  hands 
and  see  the  ship  beat  in  the  race.  We  sent  him  to  the  captain,  and 
he  explained  to  him  the  mystery  of  '  ship-time,'  and  set  his  troubled 
mind  at  rest  This  young  man,"  proceeds  Mr,  Clemens,  d  propoi 
des  bott€Sy  "had  asked  a  great  many  questions  about  sea-sickness  be- 
fore we  left,  and  wanted  to  know  what  its  characteristics  were,  and  how 
he  was  to  tell  when  he  had  it.     He  found  out." 

I  cannot  leave  Mark  Twain's  narrative,  however,  without  gently 
criticising  a  passage  in  which  he  has  allowed  his  imagination  to  invent 
effects  of  longitude  which  assuredly  were  never  perceived  in  any  voy- 
age since  the  ship  Argo  set  out  after  the  Golden  Fleece*  "  We  had 
the  phenomenon  of  a  full  moon,"  he  says,  *'  located  just  in  the  same 
spot  in  the  heavens,  at  the  same  hour  every  night.  The  reason  of  this 
singular  conduct  on  the  part  of  the  moon  did  not  occur  to  us  at  first, 
but  it  did  afterward,  when  we  reflected  that  we  were  gaining  about 
twenty  minutes  every  day ;  because  we  were  going  east  so  fast,  we 
gained  just  about  enough  every  day  to  keep  along  with  the  moon.  It 
was  becomiDg  an  old  moon  to  the  friends  we  had  left  behind  us,  but 
to  as  Joshuas  it  stood  still  in  the  same  place,  and  remained  always  the 
same."  O  Mr.  Clemens,  Mn  Clemens  I  In  a  work  of  imagination 
(as  the  "Innocents  Abroad*'  must,  I  suppose,  be  to  a  great  extent 
considered),  a  mistake  such  as  that  here  made  is  perhaps  not  a  very 

S'oas  matter ;  but,  suppose  some  unfortunate  compiler  of  astronomt- 
works  should  happen  to  remember  this  passage,  and  to  state  (as  a 
BecAnae  «rf  to  ^o  '*  fast**  Of  coarae,  the  otbor  watcbca  on  board  woald  be  left  to 
SO  ftl  tbcir  usual  raie^  and  eimpl;  put  forward  at  noon  each  day  bj  bo  maaj  mbatea  as 
EkoncspODded  to  the  run  eastward  aiBCC  the  preceding  noon. 
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compiler  would  be  tolerably  sure  to  do,  unless  he  had  a  mathematicil 
friend  at  his  elbow)  that,  by  voyaging  eastward  at  such  and  sucb  i 
rate,  a  traveller  can  always  have  the  moon  "  fall  ^'  at  night,  in  what  an 
unpleasant  predicament  would  the  mistako  have  placed  him  I  Such 
things  happen,  unfortunately ;  nay,  I  have  even  seen  works,  in  wbidi 
precisely  such  mistakes  have  been  made,  in  use  positively  as  text-boob 
for  examiDations.  On  this  account,  our  fiction  writers  must  be  careful 
in  introducing  science  details,  lest  peradventure  science-teachers  (save 
the  mark  I)  be  led  astray. 

It  need  scarcely  be  said  that  no  amount  of  eastwardly  voyagisg 
would  cause  the  moon  to  remain  always  "  full  **  as  seen  by  the  voyagef. 
The  moon's  phase  is  the  same  from  whatever  part  of  the  earth  shemtj 
be  seen,  and  she  will  become  '*  new,*'  that  is,  pass  between  the  earth 
and  the  sun,  no  matter  what  voyages  may  be  undertaken  by  the  iu' 
habitants  of  earth.  Mr,  Clemens  has  confounded  the  monthly  motKifl 
of  the  moon  with  her  daily  motion,  A  traveller  who  could  only  go 
fast  enough  eastward  might  keep  the  moon  always  due  south.  To  do 
this  he  would  have  to  travel  completely  round  the  earth  in  a  day  and 
(roughly)  about  50^  minutes.  If  he  continued  this  for  a  whole  month, 
the  moon  would  never  leave  the  southern  heavens  ;  but  she  would  nd 
continue  **  full"  In  fact,  we  see  that  the  hour  of  the  day  (local  time) 
would  be  continually  changing — since  the  traveller  would  notgoroimd 
once  in  twenty-four  hours  (which  would  be  following  the  sun,  and 
would  cause  the  hour  of  the  day  to  remain  always  the  same),  bat  in 
twenty-four  hours  and  the  best  part  of  another  hour ;  so  that  the  day 
would  seem  to  pass  on,  though  very  slowly,  lasting  a  lunar  month  Id* 
stead  of  a  common  day. 

Every  one  who  makes  a  long  sea-voyage  must  have  noted  the  is- 
portance  attached  to  moon  observations;  and  many  are  misled  into 
the  supposition  that  these  observations  are  directly  intended  for  the 
determination  of  the  longitude  (or,  which  is  the  same  thing  in  effect, 
for  determining  true  ship-time).  This,  however,  is  a  mistake,  Tbe 
latitude  can  be  determined  at  noon,  as  we  have  seen.  A  rough  ap- 
proximation to  the  local  time  can  be  obtained  also,  and  is  commoalj 
obtained,  by  noting  when  the  sun  begins  to  dip  after  reaching  1^ 
highest  part  of  his  course  above  the  horizon.  But  this  ia  xieoeaaarQl 
ordy  a  rough  approximation,  and  quite  unsuited  for  determining  tb« 
ship's  longitude.  For  the  sun's  elevation  changes  xery  slowly  at 
noon,  and  no  dip  can  be  certainly  recogniafed,  even  from  t^rraJirma^Ux 
less  from  a  ship,  within  a  few  minutes  of  true  noon.  A  determinatt^a 
of  time  effected  in  this  way  serves  very  well  for  the  ship's  **  watdif*," 
and  accordingly  when  the  sun,  so  observed,  begins  to  dip,  they  strih 
"  eight  bells  "  and  "  make  it  noon."  But  it  would  be  a  serious  mattcf 
for  the  crew  if  that  was  made  the  noon  for  working  the  shipV  pli«i 
for  an  error  of  many  miles  would  be  inevitable. 

The  following  passage  from  "  Foul  Flay  '•  iUofitrates  the  wif  fa 
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wMch  mistakes  hare  arisen  on  tbis  point :  The  bero,  wlio^  being  a  cler- 
gymati  and  a  university  man,  iB^  of  cour^Oj  a  master  of  every  brancli 
of  science,  is  about  to  distinguish  bimself  before  the  heroine  by  work- 
ing out  the  position  of  the  ship  Proserpine,  whose  captain  is  senselesfi- 
ly  drunk.  After  ten  days*  murky  weather,  "  the  sky  suddenly  cleared, 
and  a  rare  opportunity  occurred  to  take  an  observation.  Hazel  sug- 
gested to  Wylie,  the  mate,  the  propriety  of  taking  advantage  of  the 
moment,  as  the  fog-bank  out  of  which  they  had  just  emerged  would 
80on  envelop  them  again,  and  tbey  had  not  more  than  an  hour  or  bo 
of  such  observation  available.  The  man  gave  a  shuffling  answer. 
So  be  sought  the  captaiu  in  bis  cabin.  He  found  him  in  bed.  He 
was  dead  drank.  On  a  shelf  lay  the  instruments.  These  Hazel 
took,  and  then  looked  ronnd  for  the  chronometers.  They  were  safely 
locked  in  their  cases.  He  carried  the  instruments  on  deck,  together 
i^ith  a  book  of  tables,  and  quietly  began  to  make  preparations,  at 
-which  Wylie,  arresting  his  walk^  gazed  with  utter  astonishment "  (as 
well  be  might). 

** '  Now,  Mr.  Wylie,  I  want  the  key  of  the  chronometer-cases.' 
•**Here  is  a  cbronometer,  Mn  Hazel,*  said  Helen,  very  innocently, 
*if  that  is  all  yoti  want* 

"  Hazel  snnled,  and  explained  that  a  ship's  clock  is  made  to  keep 
the  most  exact  time ;  that  he  did  not  require  the  time  of  the  spot 
where  they  were,  but  Greenwich  time*  He  took  the  watch,  however. 
It  was  a  large  one  for  a  lady  to  carry ;  but  it  was  one  of  Frodsham's 
loasterpieees. 

^^  "  •  Why,  Miss  RoUeston,*  said  be,  '  this  watch  mnst  be  two  hours 
PIW.     It  marks  ten  o'clock ;  it  is  now  nearly  mid-day.     Ah,  I  see,'  he 
sdded,  with  a  smile,  *  yon  have  wound  it  regularly  every  day,  but  you 
have  forgotten  to  set  it  daily*     Indeed,  yon  may  be  right ;  it  would  be 
a  Qseless  trouble,  siuce  we  change  our  longitude  hourly.     Well,  let  us 
Boppose  that  this  watch  shows  the  exact  time  at  Sydney,  as  I  presume 
it  does,  I  can  work  the  ship's  reckoning  from  that  meridian,  instead  of 
that  of  Greenwich,*    And  he  set  about  doing  it."    Wylie,  after  some 
angry  words  with  Hazel,  brings  the  chronometers  and  the   charts. 
Haa&el  "  verified  Miss  Rolleston's  chronometer,  and,  allowing  for  differ- 
race  of  time,  found  it  to  be  accurate.     He  returned  it  to  her,  and  pro- 
ceeded to  work  on  the  chart.     The  men  looked  on  ;  so  did  Wylie, 
ter  a  few  moments,  Hazel  read  as  follows  i  *  West  longitude  146** 
18".    South  latitude  86°  24'.    The  island  of  Oparo  '  and  the  Four 
wns  distant  420  miles  on  the  N.  N,  E.,' "  and  so  ou.     And,  of  course, 
**Misfl  Rolleston  fixed  her  large,  soft  eyes  on  the  young  clergyman 
Blh  the  undisguised  admiration  a  woman  is  apt  to  feel  for  what  she 
^Res  not  understand." 

1  The  island  fixes  the  Icmgitade  at  about  IW^  otherwise  I  Bbony  hare  tho^iigbt  the  4 
wui  »  misprint  for  7*  In  longitude  l*lV  veAt^  Sjdnej  time  would  be  about  2  boarB  alow, 
tmt  ftboiit  4  hours  stow  in  longitude  \^T  wesi. 
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The  scene  here  described  cofresponda  pretty  closely,  I  have  little 
doubt,  witb  one  actually  witnessed  by  the  novelist,  except  only  that 
the  captain  or  chief  officer  made  the  observations,  and  that  either 
there  had  not  been  ten  days'  murky  weather,  or  else  that  in  the  fofi^ 
noon,  several  hoars  at  least  before  noon,  an  observation  of  the  eim  had 
been  made.     The  noon  observation  would  give  the  latitude,  and,  com- 
bined with  a  forenoon    observation,  would  give  the  longitude,  bat 
alon6  would  be  practically  useless  for  that  purpose.     It  is  curious  that 
the  novelist  sets  the  longitude  as  assigned  much  more  closely  than  the 
latitude,  and  the  value  given  would  imply  that  the  ship^s  time  wi» 
known  within  less  than  a  second.     This  would  in  any  case  be  imp»D- 
ticable ;  but,  from  noon  observations,  the  time  could  not  l>e  learned 
within  a  minute  at  the  least.     The  real  fact  is,  that,  to  determine  true 
time,  the  seaman  selects,  not  noon,  as  is  commonly  supposed,  bat  a 
time  when  the  sun  is  nearly  due  east  or  due  west.     For  then  tbe  mvi\ 
elevation  changes  most  rapidly,  and  so  gives  the  surest  means  of  d^ 
termining  the  time.     The  reader  can  easily  see  the  rationah  of  this  bj 
considering  the  case  of  an  ordinary  clock-band.     Suppose  our  onlj 
means  of  telUng  the  time  was  by  noting  how  high  the  end  of  the  mio- 
ute-hand  was :  then,  clearly,  we  should  be  apt  to  make  a  greater  mi*- 
take  in  estimating  the  time,  when  the  hand  was  near  XII.,  than  at  stit 
other  time,  because  then  its  end  changes  very  slowly  in  height,  and  i 
minute  more  or  less  makes  very  little  difference.     On  the  coDtrarT, 
when  the  hand  was  near  IFL  and  IX,  we  could  in  a  very  few  secondj 
note  any  change  of  the  height  of  its  extremity.     In  one  case  wecooU 
not  tell  the  time  within  a  minute  or  two ;  in  the  other,  we  could  tell  it 
within  a  few  seconds. 

But  the  noon  observation  would  be  wanted  to  complete  thed<eU^ 
mination  of  the  longitude  ;  for,  untQ  the  latitude  was  known,  the  cap 
tain  would  not  be  aware  what  apparent  path  the  sun  was  describiii^ 
in  the  heavens,  and  therefore  would  not  know  the  time  corresponding 
to  any  particolar  solar  observation*  So  that  a  passenger,  curi 
watching  the  captain's  work,  would  be  apt  to  infer  that  the  do  i 
servations  gave  the  longitude,  since  he  would  perceive  that  from  tbem 
the  captain  worked  out  both  the  longitude  and  the  latitude. 

It  is  curious  that  another  and  critical  portion  of  the  same  m^ 
taining  novel  is  affected  by  the  mistake  of  the  novelist  on  this  sohjiCt 
After  the  scuttling  of  the  Proserpine,  and  other  events,  ilaz^l  and  Min 
RoUeston  are  alone  on  an  island  in  the  Pacific.  Hazel  fieeks  to  d#W^ 
mine  their  position,  as  one  step  toward  escape.  Now,  "  you  mnft 
know  that  Hazel,  as  he  lay  on  his  back  in  the  boat,  had  often,  is  * 
half-drowsy  way,  watched  the  effect  of  the  sun  upon  the  boat's  iiiiit: 
it  now  stood,  a  bare  pole,  and  at  certain  hours  acted  like  the  needkrf 
a  dial  by  casting  a  shadow  on  the  sands.  Above  all,  he  oould  §«• 
pretty  well,  by  means  of  this  pole  and  its  shadow,  when  the  sua  1^ 
tained  its  greatest  elevation.     He  now  asked  Miss  RoUeston  to 
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bim  in  making  this  observation  exactly.    She  obeyed  hii  iBstructioBS, 
and,  the  moment  the  shadow  reached  its  highest  angle  and  showed  the 
jiinatest  symptom  of  declenaioDj  she  said  *  Now,'  and  Hazel  called  out 
B  a  load  voice  "  (why  did  be  do  that  ?)  "  *  Noon ! '     *  And  forty  nine 
minutes  past  eight  at  Sydney,'  said  Helen,  holding  out  her  chronome- 
ter ;  for  she  had  been  sharp  enough  to  get  it  ready  of  her  own  accord. 
Hazel  looked  at  her  and  at  the  watch  with  amazement  and  incredulity, 
*  What  ?  *  said  he.     '  Impossible  I     You  can't  have  kept  Sydney  time 
all  this  while.'     '  And  pray  why  not  ?  '  said  Helen,    *  Have  yon  forgot- 
ten that  some  one  praised  me  for  keeping  Sydney  time  ?  it  helped  yon 
^omehow  or  other  to  know  where  we  were.'  "     After  some  discussion, 
kl  which  she  shows  how  natural  it  was  that  she  should  have  wound  up 
Ber  watch  every  night,  even  when  *^  neither  of  them  expected  to  see 
■le  mornings"  she  asks  to  be  praised.     "  *  Praised  I '  cried  Hazel^  ex- 
citedly, *  worshipped,  you  mean.     Why,  we  have  got  the  longitude  by 
means  of  your  chronometer.     It  is  wonderful  I     It  is  providential.    It 
is  the  finger  of  Heaven.     Pen  and  ink,  and  let  me  work  it  out,'  "    He 
waa  "  soon  busy  calculating  the  longitude  of  Godsend  Island.'^   What 
follows  is  even  more  curiously  erroneous.     "  *  There,'  said  he.     *Now, 
the  latitude  I  must  guess  at  by  certain  combinations.     In  the  first 
place  the  slight  variation  in  the  length  of  the  days.     Then  I  must  try 
ad  make  a  rough  calculation  of  the  sun's  parallax.' "     (It  would  have 
Bu  equally  to  the  purpose  to  have  calculated  how  many  cows'  tails 
^ould  reach  to  the  moon.)     "  '  And  then  ray  botany  will  help  me  a 
Itle  ;  spices  furnish  a  clew ;  there  are  one  or  two  that  will  not  grow 
fttside  the  tropic,' "  and  so  on.     He  finally  sets  the  latitude  between 
be  26th  and  33d  parallels,  a  range  of  nearly  500  miles.     The  longi- 
tude, however,  which  is  much  more  closely  assigned,  is  wrong  alto- 
getber,  being  set  at  103^°  %€€M^  as  the  rest  of  the  story  requires.    For 
Godsend  Island  is  within  not  many  days'  sail  of  Valparaiso.     The 
mistake  has  probably  arisen  from  setting  Sydney  in  west  longitude  in- 

E?ad  of  ea^t  longitude,  ISl*^  14' ;  for  the  difference  of  time,  3h.  11m., 
rresponds  within  a  minute  to  the  difference  of  longitude  between 
isr  14'  west  and  103^°  west. 

Mere  mistakes  of  calculation,  however,  matter  little  in  such  cases. 
They  do  not  affect  the  interest  of  a  story  even  in  such  extreme  cases 
as  in  ^'  Ivanhoe,"  where  a  full  century  is  dropped  in  such  sort  that 
one  of  Richard  L's  knights  holds  converse  with  a  contemporary  of 
the  Conqueror,  who,  if  my  memory  deceives  me  not,  was  Ccnur  dc 
Lion's  great-great-grandfather.  It  is  a  pity,  however,  that  a  nov* 
elist  or  indeed  any  writer  should  attempt  to  sketcb  scientitic  methods 
with  which  he  is  not  familiar.  No  discredit  can  attach  to  any  per- 
son, not  an  astronomer,  who  docs  not  understand  the  astronomical 
processes  for  determining  latitude  and  longitude,  any  more  than  to 
ooe  who,  not  being  a  lawyer,  is  unfamiliar  with  the  rules  of  convey* 
nciiig.     But,  when  an  attempt  is  made  by  a  writer  of  fiction  to  give 
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an  exact  description  of  any  teebnical  matter,  it  is  as  well  to  ae6^| 
correct neBS  by  submitting  tbe  description  to  some  friend  ^<^c|iifl^| 
with  the  principles  of  the  subject.  For,  singularly  enough,  P^<^pH|^| 
macb  more  attention  to  these  descriptions  when  met  with  in  iiot«B 
than  when  given  in  text-books  of  science,  and  they  thus  coma  to  fp 
member  thoroughly  well  precisely  what  they  0U2:ht  to  forget,  I  thisik» 
for  instance,  that  it  may  not  improbably  have  been  some  recoUecdJ 
of  "  Foul  Play  "  which  led  Mr.  Lockyer  to  make  the  surprising  stafl 

I  meot  that  longitude  is  determined  at  sea  by  compariag  chronome|fl 
time  with  local  time,  which  is  found  " at  noon  by  observing,  with  tfl 
aid  of  a  sextant,  when  the  suu  is  at  the  highest  point  of  its  patbff 
Our  novelists  really  must  not  lead  the  studenta  of  astronomy  astray  in 
this  manner. 

It  will  be  clear  to  the  reader,  by  this  time,  that  tbe  great  point 
in  determining  the  longitude  is,  to  have  the  true  time  of  Greenwich 
or  some  other  reference  station,  in  order  that,  by  comparing  this  time 
with  ship-time,  the  longitude  east  or  west  of  the  reference  station  m*y 
be  ascertained.  Ship-time  can  always  be  determined  by  a  morning 
or  afternoon  observation  of  the  sun,  or  by  observing  a  known  star 
when  toward  the  east  or  west,  at  which  time  the  diunial  moUan 
raises  or  depresses  it  most  rapidly.  The  latitude  being  known,  tbe 
time  of  day  {any  given  day)  at  which  the  sun  or  a  star  shotdd  hare 
any  particular  altitude  is  known  also,  and,  therefore,  conversely,  when 
the  altitode  of  tbe  sun  or  a  star  has  been  noted,  the  seaman  has  learned 
the  time  of  day.  But  to  fiud  Greenwich  time  is  another  matter; 
and,  witliout  Greenwich  time,  ship-time  teaches  nothing  as  to  the  Id 
gitude.  How  is  the  voyager  at  sea  or  in  desert  places  to  know  1 
exact  time  at  Greenwich  or  some  other  fixed  station  ?  We  have  i 
that  chronometers  are  used  for  this  purpose;  and  chronometers  ai«~ 
now  made  so  marvellously  perfect  in  construction  that  they  can  bt 
trusted  to  show  true  time  within  a  few  seconds,  under  ordinary  < 
ditions.  But  it  must  not  be  overlooked  that  in  long  voyages  a 
nometer,  however  perfect  its  construction,  is  more  liable  to  get ' 

I  than  at  a  fixed  station.  That  it  is  continually  tossed  and  shakes  if 
lomcthing,  but  is  not  the  chief  trial  to  w^hich  it  is  exposed*  Tbi 
great  changes  of  temperature  endured,  when  a  ship  passes  firwii  ifci 
temperate  latitudes  across  the  torrid  zone  to  the  temperate  WM 
again,  try  a  chronometer  far  more  severely  than  any  ordinary  fomiflf 
motion.  And  then  it  is  to  be  noted  that  a  very  insignificant  tito^ 
error  corresponds  to  a  difference  of  longitude  quite  siifticient  to  ocGt 
sion  a  serious  error  in  the  ship's  estimated  position.  For  this  reasoft 
and  for  others,  it  is  desirable  to  have  some  means  of  determioii^ 
Greenwich  time  independently  of  chronometers. 

This,  in  fact,  is  the  famous  problem  for  the  solution  of  whi^'h  toA 

high  rewards  were  offered  and  have  been  given.*     It  was  to  solve  tbti 

*For  invention  of  the  chronometer,  HarrisoD  (a  Yorkshire  carpetiter,  miA  tlkt«B»«f 
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problem  that  Whiston,  the  eame  who  fondly  imagined  Kewton  was 
afraid  of  him/  eaggested  the  tise  of  bombs  and  mortars ;  for  which 
Hogarth  pilloried  him  in  the  celebrated  mad-houBe  scene  of  the  Rake's 
Progress.  Of  course  Whiston  had  perceived  the  essential  feature  of 
all  methods  intended  for  determining  the  longitude.  Any  signal 
which  is  recognizable.,  no  matter  by  eye  or  ear,  or  in  whatsoever  way, 
at  both  stations,  the  reference  station  and  the  station  whose  longitude 
is  required,  must  necessarily  suffice  to  convey  the  time  of  one  Btalion 
to  the  other.  The  absurdity  of  Whiston's  scheme  lay  in  the  implied 
supposition  that  any  form  of  ordnance  could  propel  rocket^signal«  far  ! 
enough  to  be  seen  or  heard  in  mid-ocean.  Manifestly  the  only  signals 
aTailable,  when  telegraphic  communication  is  impossible,  are  signals 
in  the  celestial  spaces,  for  these  alone  can  be  discerned  simultaneously  ] 
from  widely-distant  parts  of  the  earth.  It  has  been  to  such  signals, 
then,  that  men  of  science  have  tamed  for  the  required  means  of  de- 
termining longitude, 

Galileo  was  the  first  to  point  out  that  the  satellites  of  Jupiter  gup* 
ply  a  series  of  signals  which  might  serve  to  determine  the  longitude* 
When  one  of  these  bodies  is  eclipsed  in  Jupiter- s  shadow,  or  passes  J 
out  of  sight  behind  Jupiter's  disk,  or  reappears  from  eclipse  or  oectd-  ^ 
tation,  the  phenomenon  is  one  which  can  be  seen  from  a  whole  hemi- 
sphere of  the  earth's  surface.  It  is  as  truly  a  signal  as  the  appear- 
ance or  disappearance  of  a  light  in  ordinary  night-signalling.  If  it 
can  be  calculated  beforehand  that  one  of  these  events  will  take  place 
at  any  given  hour  of  Greenwich  time,  then,  from  whatever  spot  the 
phenomenon  is  observed,  it  is  known  there  that  the  Greenwich  hour  j 
ia  that  indicated.  Theoretically,  this  is  a  solution  of  the  famous 
problem  ;  and  Galileo,  the  discoverer  of  Jupiter's  four  satellites,  ■ 
thonght  he  had  found  the  means  of  determining  the  longitude  with 
great  accuracy.  Unfortunately,  these  hopes  have  not  been  realized. 
At  sea,  indeed,  except  in  the  calmest  weather,  it  is  impossible  to  ob- 
serve the  phenomena  of  Jupiter's  satellitee,  simply  because  the  tele- 
scope cannot  be  directed  steadily  upon  the  planet.  But  even  on  land 
Jupiter^fl  flatellites  afford  but  imperfect  means  of  guessing  at  the 
longitude.  For,  at  present,  their  motions  have  not  been  thoroughly 
mastered  by  astronomers,  and  though  the  Nautical  Almanac  gives 
the  estimated  epochs  for  the  various  phenomena  of  the  four  satellites, 

%  carpenter)  receired  £20,000.  This  iutn  liaii  beca  oflfered  for  a  mariDe  cbronomcter 
which  would  et&nd  the  test  of  two  voyageii  of  asBigtiDd  lesglb.  HarrlBon  labored  Miy 
years  before  he  nucceeded  in  meeting  the  required  cotidition. 

'  Newton,  for  excellent  reasons^  had  opposed  Whlaton^fl  election  to  the  Royal  Society. 
Like  most  imaU  men,  WhiBton  was  eager  to  secure  a  distiDction  whicb^  unless  spontar 
neously  oQTered  to  him,  could  have  conferred  no  real  honor.  Accordingly  he  was  amusingly 
indignant  with  Kcwlon  for  opposing  him,  "  Now-ton  perceived,"  he  wrote,  "  that  I  could 
DOt  do  as  his  other  darling  friends  did^  that  is,  learn  of  him  witbout  contradicting  him 
when  I  differed  in  opinion  from  him  :  he  could  not  in  hia  old  age  bear  such  contradictioQ| 
cod  so  h«  was  afraid  of  me  the  last  thirteen  years  of  bit  Mfe.*^  j 
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yet,  owing  to  the  imperfection  of  the  tables,  these  epochs  are  often 
found  to  be  appreciably  in  error.  There  is  yet  another  difficallr. 
The  satellites  are  not  mere  points,  bat,  being  in  reality  also  aa  1aig« 
as  or  larger  than  our  moon,  they  have  disks  of  appreciable  thongli 
small  dimensions.  Accordingly,  they  do  not  vanish  or  reappear  in- 
stantaneously,  but  gradually,  the  process  lasting  in  reality  several 
seconds  (a  longer  or  shorter  time,  according  to  the  particular  sate3litei 
considered),  and  the  estimated  moment  of  the  phenomenon  thus  comes 
to  depend  on  the  power  of  the  telescope  employed,  or  the  skill  or  the 
yisual  powers  of  the  observer,  or  the  condition  of  the  atmosphere,  tad 
so  on.  Accordingly,  very  little  reliance  could  be  placed  on  soch  ob- 
servations as  a  mean  for  determining  the  longitude  with  any  consid- 
erable degree  of  exactness. 

Ko  other  celestial  phenomena  present  themselves  except  those 
depending  on  the  moon^s  motions.*  All  the  planets,  as  well  as  the 
sun  and  moon,  traverse  at  various  rates  aud  in  different  paths  tW 
sphere  of  the  fixed  stars*     But  the  moon  alone  moves  with  sufficieat 

*  If  but  one  etar  ar  a  few  would  periodioaUj  (and  quite  regnladj)  "  go  out  **  for  a  fc* 
moments,  the  interrals  between  Bucb  TaniBhlngs  being  long  eoougb  to  insure  thai  mt 
would  not  be  mistaken  Lo  point  of  time  for  the  next  or  follow  log  one»  then  it  would  be  ^» 
eible  to  deierminQ  Greeawtch  or  otber  reference  time  with  gre^t  exactness.    And  kre 
one  cannot  but  recognize  an  argument  against  tbe  singular  tbeorf  that  the  stan  wfrt  in- 
tended aim  pi  J  us  lighta  to  adorn  our  hcaTena  and  to  b«  of  nae  to  mankind.    The  lcleQl»> 
gistfl  who  h&re  adopted  this  strange  view  can  hardlj  show  bow  the  theory  id  cootisUct 
with  the  fact  that  quite  readily  the  Btars  (or  a  few  of  them)  might  hare  been  90  POotzM 
a«  to  give  man  tbe  meana  of  travelling  with  much  more  leouritjr  over  tbe  length  ui 
breadth  of  bis  domain  than  ii  at  present  possible.    In  this  oonnectioa  I  vamra  to  qM(i 
a  passage  in  which  Sir  John  Hersohel  haa  touched  on  the  uufulnm  of  the  stftrt,  la  lem 
which,  were  thej  not  corrected  by  other  and  better>knowu  pa«aag«s  in  bis  frrltiapi 
might  suggest  that  be  bad  adopted  tbe  theory  I  hare  juat  mentioned:  *^ Tbe lUrx,*^ bi 
said,  in  an  address  to  the  Astronomical  Society,  in  1827^  **  are  landmarks  of  Che  mrfTcnt; 
and,  amid  tbe  endless  and  complicated  fiuctuatlons  of  oar  system,  seem  plaoM  by  it* 
Creator  as  guides  and  records,  not  merely  to  elevate  our  nunds  by  the  com 
of  what  is  vaat^  but  to  teach  as  to  direct  our  actions  by  reference  to  what  ia 
in  his  works.     It  in  indeed  birdly  possible  to  over-appreciate  their  value  in  thi*  Y'^ 
of  view.    Every  woU-determiiied  star,  from  the  moment  its  place  Is  registered,  htffO^ 
to  the  astronomer,  the  geographer,  tbe  navigator,  the  snrreyor,  a  point  of  d^pirtafr 
which  can  never  deceive  or  fail  him — tbe  same  forever  and  in  all  places,  of  a  ddSoM; 
so  extreme  as  to  be  a  teat  for  every  instrument  yet  invented  by  man,  yet  c^joaOy  %tg^ 
for  the  moat  ordinary  purposes ;  sa  available  for  regulating  a  town-clock  a*  fariOB> 
ducting  a  navy  to  tbe  Indies;  as  cflTcctive  for  mapping  down  the  intricaoies  of  i  ^f^ 
barony  as  for  adjusting  the  boundaries  of  transatlantic  cmpirefi.    When  onoa  iMlhBt 
has  been  thoroughly  ascertained,  and  carefully  recorded,  Ibo  braseti  circle  w&h  tlW 
the  useful  work  waa  done  may  moulder,  the  marble  pillar  may  tott<*r  on  its  bsi^  ^ 
the  astronomer  himself  survive  only  in  the  gratitude  of  posterity ;  but  the  roeofd  itniisi^ 
and   transfuses  all  its   own   exactness  into  every  determination   which  takes  il  fip^  * 
groundwork,  giving  to  inferior  instrument?,  nay,  even  to  trmjH>rary  contHvanccs,  •^ 
to  the  observations  of  a  few  weeks  or  days,  all  the  precision  aitartied  ort^inally  it  ^ 
cost  of  so  much  time,  labor,  and  expense/'    It  is  only  neoossary,  as  a  eorrcdivs  t^  ^ 
erroneous  ideas  which  might  otherwise  be  suggested  by  this  aomewbat  bigb^tfva  F^ 
sage^  to  quote  the  following  remarks  from  the  work  which  represealad  Sir  Joio  B» 
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rapidity  to  act  as  a  time  indicator  for  terrestrial  voyagers.  It  Ls  hardly 
necessary  to  explain  why  rapidity  of  motion  is  important;  but  the 
following  illustration  may  be  given  for  the  purpose.  The  bour*hand 
of  a  clock  does  in  reality  indicate  the  minute  as  well  as  the  hour ; 
yet,  owing  to  the  slowness  of  its  motion,  we  regard  the  hour-hand  aa 
an  unsatisfactory  time-indicator,  and  only  consider  it  as  showing  what 
hour  is  in  progress.  So  with  the  more  filowly*moving  celestial  bodies. 
They  would  serve  well  enough,  at  least  some  among  them  would,  to 
show  the  daif  of  the  year^  if  we  could  only  imagine  that  such  informa- 
tion were  ever  required  from  celestial  bodies.  But  it  would  be  hope- 
less to  attempt  to  ascertain  the  true  time  with  any  degree  of  accuracy 
from  their  motions.  Kow,  the  moon  really  moves  with  considerable 
rapidity  among  the  stars/  She  completes  the  circuit  of  the  celestial 
sphere  in  27^  days  (a  period  less  than  tho  common  lunation),  so  that 
in  one  day  she  traverses  about  13^,  or  her  own  diameter  (which  is 
rather  more  than  half  a  degree),  in  about  an  hour.  This,  astronomi- 
cally speaking,  is  very  rapid  motion ;  and,  as  it  can  be  detected  in  a 
few  seconds  by  telescopic  comparison  of  the  moon's  place  with  that 
of  some  fixed  star,  it  serves  to  show  the  time  within  a  few  seconds, 
which  is  precisely  what  is  required  by  the  seaman.  Tbeoretically,  all 
he  has  to  do  is,  to  take  the  moon's  apparent  distance  from  a  known 
star,  and  also  her  height  and  the  star's  height  above  tho  horizon. 
Thence  he  can  calculate  what  would  be  the  moon's  distance  from  the 
(tar  at  the  moment  of  observation,  if  the  observer  were  at  the  earth'a 

tre.    But  the  Nautical  Almanac  informs  him  of  the  precise  instant 

Greenwich  time  corroaponding  to  this  calculated  distance.     So  he 

i,  what  he  requires,  the  true  Greenwich  time. 

It  will  be  manifest  that  all  methods  of  finding  the  way  at  sea, 
except  the  rough  processes  depending  on  the  log  and  compass,  re- 
quire that  the  celestial  bodies,  or  some  of  them,  should  be  seen. 
Hence  it  is  that  cloudy  weather,  for  any  considerable  length  of  time, 
occasioDS  danger,  and  sometimes  leads  to  shipwreck  and  loss  of  life. 
Of  course  the  captain  of  a  ship  proceeds  with  extreme  caution  when 
the  weather  has  long  been  cloudy,  especially  if,  according  to  his  reck- 
oning, he  is  drawing  near  shore.  Then  the  lead  comes  into  play,  that 
by  soundings,  if  possible,  the  approach  to  shoro  may  be  indicated. 

■cbel^a  moro  m&tured  Ticvs,  hu  well-known  "  OmUines  of  AstrOBOmy :  **  '*  For  wbat 
purpofie  are  we  to  suppose  sucli  magDiiiccDt  bodies  scattered  tlirougli  the  abjsa  of 
ipftoe  t  Borelj  not  to  illuminate  oar  nights^  which  an  additional  moon  of  tbe  tbotiBandth 
part  of  the  vize  of  our  own  world  would  do  misch  better  \  nor  to  sparlkto  as  a  pageant 
Tisid  of  meaning  and  reality,  and  bcvrilder  tig  among  rain  coiyeoturcd.  Uaeiulf  it  ta 
tmei  they  are  to  man  as  points  of  exact  and  permanent  rcferencef  but  he  must  hare 
itndied  astronomy  to  little  purpoae^  who  can  suppoic  mim  to  bo  tlii*  onljr  object  of  hia 
Gmtor's  care ;  or  who  docs  not  see,  in  the  vast  and  won<Ierful  apparatus  around  Of, 
proviaion  for  other  races  of  animated  beings," 

■  It  was  this  doubtless  which  led  to  the  distinction  recognized  in  tbe  book  of  Job, 
vbere  the  moon  is  described  as  "  walking  in  brighineaa.** 
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Theo,  also,  by  day  and  night,  a  careful  watch  is  kept  for  the  signi  ol 
land.  But  it  sometimes  happens  that,  despite  all  such  precaatioD 
ship  38  lost ;  for  there  are  conditious  of  weather  which,  occurring  wfi 
a  ship  is  nearing  shore,  render  the  most  careful  lookout  futile.  These 
conditions  may  be  regarded  as  included  among  ordinary  sea-risks,  by 
which  term  are  understood  all  such  dangers  as  would  leave  a  capuin 
blameless  if  shipwreck  occurred-  It  wonld  be  well  if  no  ships  were 
ever  lost  save  from  ordinary  sea-risks ;  but,  unfortunately,  ships  are 
sometimes  cast  ashore  for  want  of  care ;  either  in  maintaining  das 
watch  as  the  shore  is  approached,  or  taking  advantage  of  oppor- 
tunities, which  may  be  few  and  far  between,  for  observing  sun,  or 
moon,  or  stars,  as  the  voyage  proceeds.  It  may  safely  be  said  that 
the  greater  number  of  avoidable  shipwrecks  have  been  occasioned  by 
the  neglect  of  due  care  in  finding  the  way  at  sea. 


BECULAB  PKOPHECY. 


ALTHOUGH  prophecy  is  usually  supposed  to  be  the  special 
of  inspiration,  nothing  comes  more  glibly  from   secular 
Half  of  the  leading  articles  iu  the  daily  newspapers  are  more  or  leaf 
disguised  predictions.     The  prophecies  of  the  T^mes  ar€  more  nllme^ 
ouB,  more  confident,  and  more  explicit,  than  those  of  Jeremiah  or  J 
"  Secular  Prophecy  fulfilled  "  would  be  a  good  title  for  a  book  writ 
after  the  mode!  of  those  old  and  half-educated  divines  who  zealoa 
looked  through    Isaiah,  Jeremiah,  Daniel,  and  the  Apocalypse, 
shadowy  hints  that  Hildebrand  would  enforce  celibacy  on  the  clcrgf 
of  the  Latin  Church  ;  that  Luther  would  cut  up  the  Christianity  of  lli« 
West  into  two  sections ;  that  Cromwell  would  sign  the  death-wamat 
of  Charles  L  ;  and  that  the  Stuarts  would  become  wanderers  over  ihe 
face  of  the  earth.     There  are  still,  we  believe,  devout,  mystical,  and 
studious  sectaries,  who  find  such  events  as  the  disestablishment  of 
the  Irish  Church  and  the  meeting  of  the  Vatican  CouncU  plainly  forfr- 
told  in  the  book  of  Revelation.     They  also  find  Mr.  Gladstone's  n^m9 
written  in  ktters  of  fire  by  inspired  pens  that  left  their  record  wbilt 
the  captivity  of  Babylon  was  a  recent  memory,  or  while  Nero  was  tii 
scourge  of  the  Church.     Nay,  Dr.  Camming,  who  is  as  di0erent  fit«ii 
those  mystical  interpreters  as  a  smart  Yankee  trader  is  from  P&noa 
Adams,  sees  that  the  Prophet  Daniel  and  St.  John  had  a  still  w<^ 
minute  acquaintance  with  the  home  and  Continental  politics  of  these 
latter  days.     But  **  Secular  Prophecy  fulfilled**  would  show  a  mock 
more  wonderful*sene8  of  glimpses  into  the  future  than  we  find  iiiti»« 
interpretations  of  Dr,  Cummlng,  and  it  would  certainly  bring  togf-tbef 
a  strange  set  of  soothsayers. 
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'  Arthor  Youngs  Lord  CliesterBeld,  and  William  Cobbett,  are  not 
exactly  the  kind  of  men  whom  we  should  expect  to  find  among  the 
prophets*  Arthur  Young  was  a  shrewd  traveller,  with  a  keen  eye  for 
leading  facts,  and  a  remarkable  power  of  describing  what  he  saw  in 
plain,  homely  words,  Chesterfield  was  a  literary  and  philosophical 
dandy,  who,  richly  fumbhed  with  the  small  coin  of  wisdom,  and  fear- 
ing nothing  so  much  as  indecorum,  would  have  been  a  great  teacher 
if  the  earth  had  been  a  drawing-room.  Cobbett  was  a  coarse,  rough 
English  farmer,  with  an  extraordinary  power  of  reasoning  at  the  dic- 
tate of  his  prejudices,  and  with  such  a  faculty  of  writing  racy,  vigoroui 
English  as  excites  the  admiration  and  the  despair  of  scholars.  It  seems 
almost  ludicrous  to  speak  of  such  men  as  prophets.  And  yet  Arthur 
Young  foretold  the  coming  of  the  French  Revolution  at  a  time  when 
the  foremost  men  of  France  did  not  dream  that  the  greatest  of  political 
convulsions  was  soon  to  lay  low  the  proudest  of  monarchies.  And  the 
dandified  morality  of  Lord  Chesterfield  did  not  prevent  him  from 
making  a  similar  predictioo.  Cobbett  made  a  guess  which  w^as  still 
more  notable  ;  for,  at  the  beginning  of  the  present  century,  he  foretold 
the  secession  of  the  Southern  States.  But  the  most  remarkable  of  all 
the  secular  prophets  who  have  spoken  to  our  time  is  Heine^  He  might 
seem  indeed  to  have  been  a  living  irony  on  the  very  name  of  prophet, 
for  he  read  backward  all  the  sanctities  of  religion  and  all  the  com- 
mands of  the  moral  law.  Essentially  a  humorist,  to  whom  life  seemed 
now  the  saddest  of  mysteries,  and  now  the  most  laughable  of  jokes,  he 
made  sport  of  every  thing  that  he  touched*  Hia  most  fervid  English 
devotee,  Mr,  Matthew  Arnold,  is  forced  to  admit  that  he  was  pro- 
foundly disrespect  able.  He  quarrelled  with  his  best  friends  for  frivo* 
louBly  petty  reasons,  and  he  repaid  their  kindness  by  writing  lampoons 
which  are  masterpieces  at  once  of  literary  skill  and  of  malignity. 
Neither  Voltaire  nor  Pope  scattered  calumnies  with  such  a  lack  of  scru* 
pie,  and  Byron  himself  was  not  a  more  persistent  or  more  systematic 
voluptuary.  Yet  Heine  was  so  true  a  prophet  that  bis  predictions 
might  have  been  accounted  the  work  of  inspiration  if  he  had  been  as 
famed  for  piety  or  purity  as  he  was  notorious  for  irreligion  and  profli- 
gacy. He  predicted  that  Germany  and  France  would  fight,  and  that 
France  would  be  utterly  put  down.  He  predicted  that  the  line  of  for- 
tifications which  M*  Thiers  was  then  building  round  Paris  would  draw 
to  the  capital  a  great  hostile  anny,  and  that  they  would  crush  the  . 
city  as  if  they  were  a  contracting  iron  shroud.  He  predicted  that  the 
Communists  would  some  day  get  the  upper  hand  in  Paris,  that  they 
would  strike  in  a  spirit  of  fiendish  rage  at  the  statues,  the  beautiful 
buildings,  and  all  the  other  tangible  marks  of  the  civilization  which 
they  sought  to  destroy ;  that  they  would  throw  down  the  Vend  toe 

([)lnnm  in  their  hate  of  the  man  who  had  made  France  the  foe  of 
rery  other  people  ;  and  that  they  would  further  show  their  execration 
r  his  memory  by  taking  Ms  ashes  from  the  Invalides  and  flinging 
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them  into  the  Seme.  All  these  predictions,  save  the  last,  have 
fulfilled  to  the  letter,  and  it  would  need  a  bolder  prophet  than 
Heine  himself  to  say  that  the  last  will  not  be  verified  also.  For 
nothing  is  more  remarkable  in  France  than  the  success  with  which  the 
International  is  teaching  the  artisans  that  the  first  as  well  as  the  third 
I  Napoleon  was  the  worst  enemy  of  their  class.  Although  they  still 
P regard  his  achievements  with  pride,  they  fervently  believe  that  he  was 
the  foe  of  their  order,  and  the  acts  of  the  Commune  showed  their 
eagerness  to  insult  his  name.  And  there  may  be  another  Commune. 
Intrepid  prophets  would  say  that  there  certainly  will  be  another.  If 
that  should  happen,  it  is  quite  possible  that  the  fanatics  of  the 
temational  may  fling  the  ashes  of  the  great  soldier  into  the  Seine 
mark  their  abhorrence  of  military  glory. 

Prevost-Paradol  was  as  difierent  from  Heine  as  a  gifted  volapti 
can  be  from  a  polished,  fastidious,  and  decorous  gentlemaiu  Yet 
refine<i,  reserved,  satirical  Orleanist,  who  seemed  to  be  uncomfortal 
when  his  hands  were  not  encased  in  kid  gloves,  and  who  was  a 
ter  of  all  the  literary  resources  of  innuendo,  would  be  as  much  out  of 
\  place  among  the  Ilebrew  prophets  as  Heine  himself.  He  would  find 
r a  place,  nevertheless,  in  "Secular  Prophecy  fulfilled,"  by  reason 
the  startling  exactness  with  which  he  foretold  the  outbreak  of 
war  between  his  own  country  and  Germany.  In  a  passage  w 
promises  to  become  classic,  he  said  that  the  two  nations  wore 
two  trains  which,  starting  from  opposite  points^  and  placed  on 
same  line  of  rails,  were  driven  toward  each  other  at  full  s] 
There  must  be  a  collision.  The  only  doubt  was,  where  it  would 
happen,  and  when,  and  with  what  results.  De  Tocqueville  bell 
fulfilled  the  traditionary  idea  of  a  prophet,  and  there  is  a  startli 
accuracy  in  some  of  the  predictions  as  to  the  future  of  France  whii 
he  flung  forth  in  talking  with  his  friends,  and  of  which  we  find 
partial  record  in  the  journal  of  Mr.  Nassau  Senior.  Eighteen  y< 
before  the  fall  of  the  empire,  he  predicted  that  it  would  wreck  iti 
**  in  some  extravagant  foreign  enterprise."  **  War,'*  he  addt^d,  ^*  woi 
assuredly  be  its  death,  but  its  death  would  perhaps  cost  dear."  M. 
Re  nan  also  aspires  to  a  place  among  the  prophets,  and  he  has  nude 
a  prediction  which  may  be  a  subject  of  some  curiosity  when  the  oeri 
pope  shall  be  elected.  The  Church  of  Rome  will  not,  he  saya,  b# 
split  up  by  disputes  about  doctrine.  But  he  does  look  for  a  scluiia» 
and  it  will  come,  he  thinks,  when  some  papal  election  shall  be  deosid 
invalid  *,  when  there  shall  be  two  competing  pontiffs,  and  Europi 
ahall  sec  a  renewal  of  the  strife  between  Rome  and  Avignon. 

It  may  be  said,  no  doubt,  that  the  verified  predictions  which  wf 

have  cited  are  only  stray  hits;  that  the  oracles  make  still  more  f*- 

markable  misses;  and  that,  since  guesses  about  the  future  are  shot  off 

every  hour  of  the  day,  it  would  be  a  marvel  if  the  buirs-eye  were  nol 

I  atruck  sometimes.    Such  a  theory  might  suffice  to  account  for  tbe  UM 
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if  the  prophecies  were  let  off  in  the  dark  and  at  random  ;  but  that  is 
not  the  case.  It  is  easy  to  trace  the  path  along  which  the  mind  of 
Heine  or  Be  Tocqueville  travelled  to  the  results  of  the  future,  and 
their  preJictione  betray  notlnog  more  wonderful  than  a  rare  power  of 
drawing  correct  inferences  from  confused  facts.  A  set  of  general  rules 
might  be  laid  down  as  a  guide  to  prophcoy.  In  the  first  place,  we 
might  give  tbe  negative  caution  that  the  analogy  of  past  events  is  mis- 
leading, because  the  same  set  of  conditions  does  not  appear  at  two 
different  times,  and  an  almost  unseen  element  might  suffice  to  deter- 
mine an  all-important  event.  Forgetting  this  fact,  Archbishop  Man- 
ning has  ventured  into  the  field  of  prophecy  with  the  argument  that 
Catholics  should  not  be  made  uneasy  because  the  pope  has  lost  bis 
temporal  power,  for  they  should  remember  that  he  bas  again  and 
again  suffered  worse  calamities,  and  has  then  won  back  all  his  old  au- 
thority. Between  1378  and  1418  the  Church  witnessed  the  scandal  of 
a  schismj  in  which  there  were  rival  popes,  and  in  which  Home  and 
Avignon  competed  for  the  mastery.  That  calamity  is  worse  than  any 
which  has  come  to  the  Church  in  our  days,  yet  the  Papacy  regained 
its  old  power  and  glory.  So  late  as  within  the  present  century  the 
temporal  power  was  reduced  to  nullity  by  the  lirst  Kapoleon,  and 
Pins  IX  himself  bad  to  iee  from  Rome  in  the  beginning  of  his  reign. 
Why,  then,  should  not  the  robber-band  of  Victor  Emmanuel  b© 
paralyzed  in  turn,  and  the  Papacy  oece  more  regain  its  old  splendor  ? 
Not  being  ambitious  to  play  the  part  of  prophets,  we  do  not  undertake 
to  say  whether  the  Papacy  will  or  will  not  again  climb  or  be  flung  into 
its  ancient  place,  but  it  is  not  the  less  certain  that  Archbishop  Man- 
ning's prophecy  is  a  conspicuous  example  of  a  false  inference.  When 
he  argues  that  a  pope  in  the  nineteenth  century  will  again  be  the  tem- 
poral ruler  of  Rome  because  a  pope  triimiphed  over  tbe  schism  of 
Avignon  in  the  fifteenth,  he  forgets  that  the  lapse  of  centuries  bas 
wrought  a  vast  change  of  conditions.  At  the  end  of  the  fourteenth 
century  a  keen  onlooker,  a  Heine  or  a  De  Toeqneville,  might  have  con- 
fidently foretold  that  a  pope  of  nnqnestioned  authority  would  soon 
govern  the  historic  city  of  the  Papacy,  because  the  political  and  the 
eoeial  interests  of  Europe,  no  less  than  the  piety  or  superstition  of  the 
times,  reqtiired  that  the  pope  should  be  powerful  and  free.  The  cur^ 
reBt  of  the  age,  if  we  may  use  the  philosophical  slang,  was  rtinniug 
from  Avignon  to  Rome  in  the  fourteenth  and  fifteenth  centuries,  and 
now  the  current  of  the  age  is  not  less  distrnctly  running  against  the 
temporal  power.  The  very  reasons  which  wonld  have  led  a  prophet 
in  1400  to  predict  that  Rome  would  again  be  tbe  unquestioned  seat  of 
the  Papacy  would  lead  the  same  soothsayer  to  affirm  in  1873  that  the 
temporal  power  has  been  shattered  forever. 

It  is  in  general  causes  that  we  find  the  guide  of  prophecy*  Mn 
Buckle  attached  so  much  importance  to  the  physical  conditions  of  a 
country,  the  food  of  a  people,  the  air  they  breathe,  tbe  occupations 
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which  they  are  farced  to  follow^  and  the  habits  of  thought  which  tbej 
dlspby,  t)iat  he  UDdertook  to  tell  the  end  of  a  nation  from  the  bc^n- 
ning.     Spain  was  no  mystery  to  him  vrhea  he  remembered  that  it  had 
originally  been  a  country  of  volcanoes ;  that  the  people  hiwl  coaae- 
quently  been  filled  with  a  dread  of  the  unseen  and  inscrutable  power 
which  reveals  Itself  in  convulsions  of  the  earth ;  that  their  diaeaied 
fear  of  shadowy  iofluences  made  them  resent  the  teachings  of  scieaoe, 
and  hence  left  them  an  easy  prey  to  the  Holy  Office  and  IgnatiQs 
Loyola  when  Luther,  Calvin,  and  Zwingle,  drew  away  from  Bacerdotal^ 
ism  all  the  Christianity  of  Northern  Europe.     There  can  be  no  doubt 
that  Buckleys  theory  did  rest  on  a  basis  of  truth,  and  that  it  tarred 
simply  by  trying  to  account  for  every  thing.     In  fact,  it  is  not  «pe- 
oially  his  doctrine^  but  simply  the  rigid  and  systematized  application 
of  a  principle  which  is  as  old  as  speculative  curiosity.     We  apply  it 
every  day  of  our  lives.     If  a  family  go  into  a  badly-drained  house, 
we  say  the  chances  are  that  they  will  have  typhus,  diarrhoea,  or  chol- 
era.    If  a  rich  and  foolish  young  man  bets  largely  on  the  turf,  the  prob- 
ability is  that  he  will  be  ruined.     And  the  statistician  comes  to  lielp 
Qg  with  a  set  of  tables  which  throw  uncomfortable  light  on  the  me- 
ehanieal  character  of  those  mental  and  moral  processes  which  might 
seem  to  be  determined  by  the  unprompted  bidding  of  our  own  wiJlt 
Mr,  Buckle  was  no  doubt  beguiled  by  a  mere  dream  when  he  faacied 
tha't  we  could  account  for  every  turn  and  winding  in  the  history  <rf  s 
country  if  we  had  only  a  large  knowledge  of  its  general  conditioai, 
such  as  the  temperature  of  the  land,  the  qualities  of  the  soil,  the  food 
of  the  people,  and  their  relations  to  their  neighbors.     He  paid  leo 
little  heed  to  subtle  qualities  of  race,  and  he  did  not  make  soffieieBt 
allowance  for  the  disturbing  force  of  men  gifted  with  extraordiniiy 
power  of  brain  and  will     Still  it  is  a  mere  truism  that  the  mow  ow^ 
recjtly  and  fully  we  know  the  general  condition  of  a  country     *        ^ 
does  mystery  vanish  from  its  history,  and  the  successive  «.  ^ 

to  take  their  place  in  orderly  sequence. 

It  is  impossible,  however,  to  prophesy  by  rule,  and  aiich  syttcm* 
mongers  as  Mr.  Buckle  would  be  the  most  treacherous  of  all  oracles 
Their  hard  and  fast  canons  will  not  bend  into  the  subtle  crevioe*  of 
human  life.  Men  who  are  so  ostentatiously  logical  that  they  caoad 
do  a  bit  of  thinking  without  the  aid  of  a  huge  apparatus  of  Rhar|*ly* 
cut  principles  always  lack  a  keen  scent  for  truth.  They  blunder  bj 
rule  when  less  showy  people  find  their  way  by  mother-wit.  DtPBOi 
they  are  the  worst  of  all  prophets.  It  was  not  by  counting  up  bo* 
many  things  tell  in  one  way,  and  how  many  tell  in  another,  that  He«M 
and  De  Tocqueville  were  able  to  guess  correctly  what  was  comiiig,bil 
by  watching  the  chief  currents  of  the  age,  or,  as  more  homely  ftlk 
would  gay,  by  finding  out  which  way  the  wind  waa  blowingf.  Tbef 
had  to  decide  which  among  many  social,  religious,  or  political  force* 
were  the  strongest^  and  which  would  be  the  most  lasting,    They  bid 
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give  A  correct  decision  as  to  the  stability  of  particular  institutions 
d  the  strength  of  popular  passiona.  General  rules  could  not  be  of 
icb  ayail,  and  they  had  to  rely  on  their  knowledge  of  human  nature, 
jir  acquaintance  with  the  forces  which  have  been  at  work  in  history, 
d  their  own  sagacity.  Most  liitely  Heine  could  not  have  given  such 
explanation  of  the  grounds  on  which  he  made  his  predictions  as 
►uld  have  satisfied  any  average  jury  of  historical  students.  But  he 
ild  have  said  that  he  knew  the  working-men  of  Paris ;  that  his 
wer  of  poetic  sympathy  enabled  him  to  see  how  their  minds  veered 
vard  socialism,  and  he  also  knew  what  forces  were  on  the  side  of 
ler ;  and  that  a  mental  comparison  of  the  two  made  him  look  with 
rtainty  to  a  ferocious  outbreak  of  democratic  passion.  Being  thus 
■e  that  the  storm  would  come,  he  had  next  to  ask  himself  which 
iuts  the  lightning  would  strike,  and  be  looked  for  the  most  promi- 
at  symbols  of  kingship,  wealth,  rcfinementj  and  military  glory.  The 
llaries  would  be  a  mark  for  the  fury  of  the  mob,  because  that  was 
Ppalace  of  the  man  who  had  destroyed  the  populace.  The  public 
lees  must  go,  because  they  represented  what  the  bourgeois  called  order 
i  the  workmen  called  tyranny.  The  Louvre  must  go,  for  the  mere 
ce  of  maddenirig  rich  people  who  took  a  delight  in  art  And  the 
md^me  Colunm  must  go,  because  it  glorified  a  man  who  was  the  in- 
flation of  the  war-«piritj  and  who  was  consequently  the  wori^t  foe 
Ihe  working-classes.  To  a  select  committee  of  the  House  of  Com- 
lli  such  reasons  would  have  seemed  the  dreams  of  a  moon-struck 
ionary^  and  they  certainly  did  not  admit  of  being  logically  defended. 

prophecy  does.  The  power  of  predicting  events  is  the  power  of 
ing,  and  those  guess  best  who  are  least  dependent  on  rules,  and 
gifted  with  the  mother-wit  which  works  with  the  quietude  an*l 

IbeoioaBness  of  instinct. — Saturday  R&oww, 
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Bt    PBof,    J.    LOVEEING, 
ar  BARYAAn  cqllkoe, 

T  the  meeting  of  this  Association  in  Burlington,  I  showed  some 
A-  experiments  in  illustration  of  the  optical  method  of  making  sen- 
la  the  vibrations  of  the  column  of  air  in  an  organ-pipe*  At  the 
ioago  meeting  I  demonstrated  the  way  in  which  the  vibrations  of 
ingB  could  be  studied  by  the  eye  in  place  of  the  ear,  when  these 
igs  were  attached  to  tuning-forks  with  which  they  could  'vibrate  in 
lathy;  substituting  for  the  small  forks,  originally  used  by  Melde, 
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a  eolosBal  tuning-fork,  the  prongs  of  which  were  placed  between  tht 
poles  of  a  powerful  electro-magnet.  This  fork,  which  interrupted 
the  battery  correut,  at  the  proper  time,  by  its  own  motion, 
able  to  put  a  heavy  cord,  thirty  feet  in  length,  in  the  most 
getic  vibration,  and  for  an  indefinite  time.  I  propose,  at  the  p: 
time^  to  epeak  of  those  sympathetic  vibrations  which  are  pitched 
low  as  not  to  come  within  the  limits  of  human  ears,  but  which  art 
felt  rather  than  heard,  and  to  show  how  they  may  be  seen  as  well 
as  felt. 

All  structures,  large  or  small,  simple  or  complex,  have  a  defiazlQ 
rate  of  yibration,  depending  on  their  materials,  size,  and  shape,  ai|AMl 
fixed  as  the  fundamental  note  of  a  musical  cord  They  XBMj  ali^^H 
brate  inparts^  as  tlie  cord  does,  and  thus  be  capable  of  various  incrm 
ing  rates  of  vibration,  which  constitute  their  harmonics.  If  one  body 
vibrates,  all  others  in  the  neighborhood  will  respond,  if  the  rate  of 
vibration  in  the  first  agrees  with  their  own  principal  or  secondary 
rates  of  vibration,  even  when  no  more  substantial  bond  than  the  air 
unites  a  body  with  its  neighbors.  In  this  way,  mechanical  distufb- 
ances,  harmless  in  their  origin,  assume  a  troublesome  and  perhaps  a 
dangerous  character,  when  they  enter  bodies  all  too  ready  to  move  at 
the  required  rate,  and  sometimes  beyond  the  sphere  of  their  stabihty* 

When  the  bridge  at  Colebrooke  Dale  (the  first  iron  bridge  in  tbe 
world)  was  building,  a  fiddler  came  along  and  said  to  the  workmeo 
that  he  could  fiddle  their  bridge  down.  The  builders  thought  this 
boaat  a  fiddle-de-dce,  and  invited  the  itinerant  musician  to  fiddle  away 
to  his  heart's  content.  One  notp  after  another  was  struck  upon  tbe 
strings  until  one  was  found  with  which  the  bridge  waa  in  sympstby. 
When  the  bridge  began  to  shake  violently,  the  incredulous  workmen 
were  alarmed  at  the  unexpected  result,  and  ordered  the  fiddler  to  itof). 

At  one  time,  considerable  annoyance  was  experienced  in  one  of 
the  mills  in  Lowell,  because  the  walls  of  the  building  and  the  floon 
were  violently  shaken  by  the  machinery:  so  much  so  that,  on  certain 
days,  a  pail  of  water  would  be  nearly  emptied  of  its  contents,  whil«  on 
other  days  all  was  quiet.  Upon  investigation  it  appeared  that  tbe 
building  shook  in  response  to  the  motion  of  the  machinery  only  when 
that  moved  at  a  particular  rate,  coinciding  with  one  of  the  harmonios 
of  tbe  structure;  and  the  simple  remedy  for  the  trouble  conaisted  la 
making  tbe  machinery  move  at  a  little  more  or  a  little  leas  speediM 
as  to  put  it  out  of  time  with  the  building. 

We  can  easily  believe  that,  in  many  casea,  these  violent  vibrationi 
will  loofien  the  cement  and  derange  the  parts  of  a  building,  so  that  it 
may  afterward  fall  under  the  pressure  of  a  weight  which  otherwiw 
it  was  fully  able  to  bear,  and  at  a  time,  possibly,  when  the  machin^tr 
is  not  in  motion ;  and  this  may  have  something  to  do  with  such  acci* 
dents  as  that  which  happened  to  the  Pemberton  Milla  in  Lawrenoe. 
Large  trees  are  uprooted  in  powerful  gales,  because  the  wind  comes  ia 
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|kt8  \  and^  if  these  gusts  happen  to  be  timed  in  accordance  with  the 
imtural  swing  of  the  tree^  the  effect  is  irresistible.  The  slow  vibra- 
tions which  proceed  from  the  largest  pipes  of  a  large  organ,  and 
which  are  below  the  range  of  musical  sonnds,  are  able  to  shake  the 
walls  and  floors  of  a  building  so  as  to  be  felt,  if  not  heard,  thereby 
fumishiDg  a  background  of  noise  on  which  the  true  musical  sounds 
may  be  projected. 

We  have  here  the  reason  of  the  rule  observed  by  marching  ar- 
mies when  they  cross  a  bridge ;  viz.,  to  stop  the  music,  break  step, 
and  open  colmiin,  lest  the  measured  cadence  of  a  condensed  mass  of 
men  should  urge  the  bridge  to  vibrate  beyond  its  sphere  of  cohesion, 
A  neglect  of  this  rule  has  led  to  serious  accidents*  The  Broughton 
bridge,  near  Manchestcfj  gave  way  beneath  the  measwrcd  tread  of 
only  sixty  men  who  were  marching  over  it.  The  celebrated  engineer, 
Robert  Stephenson,  has  remarked  *  that  there  is  not  so  much  danger 
to  a  bridge,  when  it  is  crowded  with  men  or  cattle,  or  if  cavalry  are 
passing  over  it,  as  when  men  go  over  it  in  marching  order,  A 
chain-bridge  crosses  the  river  Dordogne  on  the  road  to  Bordeaux. 
One  of  the  Stcpheosons  passed  over  it  in  1845,  and  was  so  much  struck 
with  its  defects,  although  it  had  been  recently  erected,  that  he  noti- 
fied the  authorities  in  regard  to  them,  A  few  years  afterward  it 
mve  way  when  troops  were  marching  over  it.' 

V  A  few  years  ago,  a  terrible  disaster  befell  a  battalion  of  French 
THEftntry,  while  crossing  the  suspension-bridge  at  Angers,  in  France. 
Reiterated  warnings  were  given  to  the  troops  to  break  into  seel  ions, 
aa  is  usually  done.  But  the  rain  was  falling  heavily,  and,  in  the  hurry 
^£  the  moment,  the  orders  were  disregarded.  The  bridge,  which  was 
^By  twelve  years  old,  and  which  had  been  repaired  the  year  before  at 
a  cost  of  17,000,  fell,  and  280  dead  bodies  were  found,  besides  many 
who  were  wounded.  Among  the  killed  or  drowned  were  the  chief  of 
battalion  and  four  other  officers.  Many  of  the  guns  were  bent  double, 
ind  one  musket  pierced  completely  through  the  body  of  a  soldier. 
The  wholesale  slaughter  at  the  bridge  of  Beresina,  in  Russia,  when 
Napoleon  was  retreating  from  Moscow,  in  1812,  and  his  troops  crowded 
apon  the  bridge  and  broke  it,  furnishes  a  fitting  parallel  to  this  great 
calamity. 

When  Galileo  set  a  pendulum  in  strong  vibration  by  blowing  on  it 
Mheoever  it  was  moving  away  from  his  mouth,  he  gave  a  good  lUub* 
H^doQ  of  the  way  in  which  small  but  regularly-repeated  distarbancea 
^row  into  consequence.  Tyndall  tells  us  that  the  Swiss  muleteers  tie 
Up  the  bells  of  the  mules,  for  fear  that  the  tinkle  shoidd  bring  an 
sralanche  down.     The  breaking  of  a  drinking-glass  by  the  human 

Kits  fundamental  note  is  sounded,  is  a  well-authenticated 
Ihladni  mentions  an  innkeeper  who  frequently  repeated  the 


*  JSdinhurffh  Philotophiatl  Journal^  toh  v.,  p. 

•  Smflea's  *^  Life  of  Stephenson,"  p.  S90. 
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experiment  for  the  entertainment  of  his  guests  and  his  own  profit. 
The  nightingale  is  said  to  kill  by  the  power  of  its  notes.  The  bark  of 
a  dog  is  able  to  call  forth  a  response  from  certain  strings  of  the  piano. 
And  a  carious  passage  has  been  pointed  out  in  the  Talmud,  which  dis* 
cusses  the  indemnity  to  be  claimed  when  a  vessel  is  broken  by  the 
voice  of  a  domestic  animaL  If  we  enter  the  domain  of  music,  there 
is  no  end  to  the  illustrations  which  might  be  given  of  these  sympathetic 
vibrations.  They  play  a  conspicuous  part  in  most  musical  instru- 
ments, and  the  sounds  which  these  instruments  produce  would  be 
meagre  and  ineffective  without  them. 

In  the  case  of  vibrations  which  are  simply  mechanical,  without 
being  audible,  or  at  any  rate  musical,  the  following  ocular  demonstra- 
tion may  be  given :  A  train  of  wheels,  set  in  motion  by  a  strong 
spring  wound  up  in  a  drum,  causes  an  horizontal  spindle  to  revolTS 
with  great  velocity.     Two  pieces  of  apparatus  like  this  are  placed  it 
the  opposite  sides  of  a  room.     On  the  ends  of  the  spindles  which  f*ce 
one  another  are  attached  buttons  about  an  inch  in  diameter.     The  two 
ends  of  a  piece  of  white  tape  are  fastened  to  the  rims  of  these  buttonsi 
When  the  spindles,  with  the  attached  buttons,  revolve,  the  two  eviA%  of 
the  tape  revolve,  and  in  such  directions  as  to  prevent  the  tape  from  twitt- 
ing, unless  the  velocities  are  different.     Even  if  the  two  trains  of  wheeU 
move  with  unequal  velocities,  when  independent  of  each  other,  the 
motions  tend  to  uniformity  when  the  two  spindles  are  oonnected  bj 
the  tape.     Now,  by  moving  slightly  the  apparatus  at  one  end  of  the 
room,  the  tape  may  be  tightened  or  loosened.     If  the  tape  is  tight- 
ened. Its  rate  of  vibration  is  increased,  and,  at  the  same  time^  the  r^ 
locity  of  the  sp»indles  is  diminished  on  account  of  the  greater  refiist* 
ance.     If  the  tape  is  slackened,  its  rate  of  vibration  is  less,  and  the 
velocity  of  the  spindles  is  greater.     By  this  change  we  can  readily 
bring  the  fundamental  vibration  of  the  tape  into  unison  with  the  mt* 
chinery,  and  then  the  tape  responds  by  a  vibration  of  great  amplitude, 
visible  to  all  beholders.     If  we  begin  gradually  to  loosen  the  tape,  it 
soon  ceases  to  respond,  on  account  of  the  twofold  effect  already  de- 
scribed, until  the  time  comes  when  the  velocity  of  the  machinery  fto- 
cords  with  the  first  harmonic  of  the  tape,  and  the  latter  divides  besn* 
tifully  into  two  vibrating  segments  with  a  node  at  the  middle.    Ai 
the  tension  slowly  diminishes,  the  different  harmonics  are  sacoessfdj 
developed,  until  finally  the  tape  is  brokeji  up  into  numerous  segmfffili 
only  an  inch  or  two  in  length.     The  eye  is  as  much  delighted  by  ihii 
visible  music  as  the  ear  could  be  if  the  vibrations  were  audiblt;  wA    , 
the  optical  demonstration  has  this  advantage,  that  all  may  doe^  iritSi 
few  have  musical  ears,     A  tape  is  preferred  to  a  cord  in  this  expff^ 
ment,  because  it  Is  better  seen,  and  any  aocidental  twist  it  mif  i^    I 
quire  is  less  troublesome.  I 
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^r  Bt  Pbof.  J.  LAWEENCE  SMITH. 

l"  NOW  pass  to  the  aecotid  part  of  my  discourse.  It  ia  in  reference 
-L  to  the  methods  of  modem  acicoce— the  caution  to  be  observed  in 
pursuing  it,  if  we  do  not  wish  to  pervert  its  end  by  too  confident  as- 
sertions and  deductions. 

It  is  a  very  common  attempt,  nowadays,  for  scientists  to  transcend  I 
the  limits  of  their  legitimate  studies,  and  in  doing  this  they  run  into 
speculations  apparently  the  most  un philosophical,  wild,  and  absurd; 
quitting  the  true  basis  of  inductive  philosophy,  and  building  up  the 
most  curious  theories  on  little  else  than  assertion ;  speculating  upon 
the  merest  analogy ;  adopting  the  curious  views  of  some  metaphysi- 
isian%  as  Edward  von  Hartmann  \  striving  to  work  out  speculative 
results  by  the  inductive  method  of  natural  science* 

And  such  an  example  as  this  is  of  great  value  to  the  reflective 
mind,  teaching  caution,  and  demonstrating  the  fact  that,  while  the 
rules  by  which  we  are  guided  in  scientific  research  are  far  in  advance 
of  those  of  ancient  days,  we  must  not  conclude  that  they  are  perfect 
by  any  meiius.  In  our  modern  method  of  investigation  how  many 
conspicuous  examples  of  deception  we  have  had  in  pursuing  even  the 
best  method  of  investigation  I  Take,  for  instance,  the  science  of  ge* 
ology,  from  the  time  of  Werner  to  the  present  day.  While  we  always 
tliought  we  had  the  true  interpretation  of  the  structural  phenomena 
Bithe  globe,  as  we  progressed  from  year  to  year,  yet  how  vastly  dif- 
IReiit  are  our  interpretations  of  the  present  day  from  what  they  were 
in  the  time  of  Werner  1  In  chemistry,  the  same  thing  is  true.  How 
clearly  were  all  things  explained  to  the  chemist  of  the  last  century  by 
Ptlogistou,  which,  in  the  present  century,  receive  no  credence,  and 
Brmical  phenomena  are  now  viewed  in  an  entirely  difierent  light  I 

Lavoisier,  in  the  latter  part  of  the  last  century,  elucidated  the  phe* 
noniena  of  respiration  and  the  production  of  animal  heat  by  one  of  the 
most  beautiful  theories,  based,  to  all  appearances,  upon  well-observed 
facts ;  yet,  at  the  present  day,  more  delicate  observations,  and  the 
discovery  of  the  want  of  balance  between  the  inhaled  oxygen  and  ex- 
haled carbonic  acid,  subverted  that  beautiful  theory,  and  we  arc  left 
f^tirely  without  one*  It  is  true  we  have  collated  a  number  of  facts 
Bregard  to  respiration,  molecular  changes  in  the  tissues,  etc.,  all  of 
wnich  are  recognized  as  having  something  to  do  with  animal  heat ; 
fltijl  it  is  acknowledged  that  we  are  incapable  of  giving  any  concrete 
^nression  to  the  phenomena  of  respiration  and  animal  heat  as  La* 
^bisier  did  eighty  or  ninety  years  ago. 

'  Abetmct  of  the  address  iwfore  tbo  Americnn  Aflsociaticni  for  Ibe  Ad^inccmcnt  of 
BeSflDoe,  %%  iti  Uto  iii«etiiig  m  Portlandp  Me.,  bj  the  retinsg  president. 
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Electricity  is  the  same  now  aB  it  has  ever  beeo,  yet  it 
spoken  of  as  a  fluid,  then  as  a  force,  now  as  an  energy  readily  con- 
vertible into  caloric  or  mechanical  energy ;  and  in  what  light  it  will 
be  considered  fifty  years  hence  no  one  can  predict. 

Kow,  what  I  desire  to  enforce  here  is,  that  amid  all  these  changes 
and  revolutions  of  theories,  so  called,  it  is  simply  man,  the  iIlt«^ 
preter,  that  has  erred,  and  not  Nature;  her  laws  are  the  aame;  we 
simply  have  not  been  able  to  read  them  correctly,  and  perhaps  never 
will  be. 

What,  it  may  be  asked,  are  we  to  do,  then  ?    Must  we  oease 
theorizing  ?     Kot  at  alL     The  lesson  to  be  learned  from  this  Is  to  be 
more  modest  in  our  geueraiizations ;  to  generalize  aa  far  as  our 
fully-made-out  facts  will  permit  us,  and  no  further;  check  the 
tioD,  and  let  it  not  run  riot  and  shipwreck  us  upon  some  mctapb; 
quicksand. 

The  fact  is,  it  becomes  a  question  whether  there  is  such  a  thing  u 
pure  theory  in  science,  No  true  scientific  theory  deserves  the 
that  is  not  based  on  verified  hypothesis ;  in  £»ct,  it  is  but  a  condae  in- 
terpretation of  the  deductions  of  scientific  facts.  Dumas  has  well  said 
that  theories  are  like  crutches,  the  strength  of  them  ia,  to  be  testod 
by  attempting  to  walk  with  them.  And  I  might  further  ad<l,  that  fCfy 
often  scientists,  who  are  without  sure-footed  facta  to  carry  them  iloiig^ 
take  to  these  crutches. 

It  is  common  to  speak  of  the  theory  of  gravitation,  when  there  if 
nothing  purely  hypothetical  in  connection  with  the  manner  in  whici  it 
was  studied ;  iu  it  we  only  see  a  clear  generalization  of  observed  lawi 
which  govern  the  mutual  attraction  of  bodies.  If  at  any  time  Nc** 
ton  did  assume  an  hypothesis,  it  was  only  for  the  purpose  of  lacilitaa' 
ing  his  calculations :  *'  Newton^s  paaaage  from  the  falling  of  aa.  a|i(ib 
to  the  falling  of  a  moon  was  at  the  outset  a  leap  of  the  imaginatioo;** 
but  it  was  this  hypothesis,  verified  by  mathematics,  which  gave  to  tb 
so-called  theory  of  gravitation  its  present  status. 

In  regard  to  light,  we  are  in  the  habit  of  connecting  with  h  a  pni* 
hypothesis,  viz,,  the  impressions  of  light  being  produced  by  emitnoo 
from  luminous  bodies,  or  by  the  undulation  of  an  all-pervadiiig,  i^ 
tennated  medium ;  and  these  hypotheses  are  to  be  regarded  asprobiUt 
so  long  as  the  phenomena  of  light  are  explained  by  them,  and  w 
longer.  The  failure  to  explain  one  single  well-observed  iiici  ii  foS* 
cient  to  cast  doubt  upon  or  subvert  any  pure  hypothesis,  as  has  hi© 
the  case  with  the  emission  theory  of  light,  and  may  be  the  ikte  of  1^ 
undulatory  theory,  which,  however,  tip  to  the  present  time,  aerfi*  » 
all  cases. 

It  is  nut  my  object  to  criticise  the  speculatioos  of  any  one  or  W0^ 
of  tlie  modem  scientists  who  have  carried  their  investigstfama  h** 
the  world  of  the  imag'mation ;  in  fact,  it  c^uld  not  be  done  in  •  ^ 
•wnirse  so  limited  as  this^  and  one  only  intended  as  a  prologos  to  tk* 
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present  meeting.  Butj  in  order  to  illuBtrate  this  subject  of  method^ 
more  fully,  I  will  refer  to  Darwin,  whose  name  has  become  synonymous 
with  progressive  development  and  natural  selection,  which  we  had 
thought  had  died  out  with  Lamarck  fitly  years  ago.  In  Darmn  we 
have  one  of  those  philosophers  whose  great  knowledge  of  animal  and 
vegetable  life  is  only  transcended  by  his  imagination*  In  fact,  he  is 
to  be  regarded  more  as  a  metaphysiciati  with  a  highly-wrought  im- 
agination than  as  a  scientist,  although  a  man  having  a  most  wonderful j 
knowledge  of  the  facts  of  natural  history.  In  England  and  America  i 
we  find  scientific  men  of  the  profoundest  intellects  differing  completely  I 
in  regard  to  his  logic,  analogies,  and  deductions  ;  and  in  Germany  and 
France  the  same  thing — in  the  former  of  these  countries  some  specu- 
lators saying  that  "  his  theory  is  our  starting-point,"  and  in  France 
many  of  her  best  scientific  men  not  ranking  the  labors  of  Darwin  with 
those  of  pure  science,  Darwin  takes  up  the  law  of  life,  and  runs  it 
into  progressive  development.  In  doing  this,  he  seeins  to  me  to  in- 
crease the  embarrassment  which  surrounds  us  on  looking  into  the  mys- 
teries of  creation.  He  is  not  satisfied  to  leave  the  laws  of  life  where 
he  finds  them^  or  to  pursue  their  study  by  logical  and  inductive  rea- 
soning. His  method  of  reasoning  will  not  allow  him  to  remain  at 
rest ;  he  must  be  moving  onward  in  his  unification  of  the  universe. 
He  started  with  the  lower  order  of  animals,  and  brought  them  through 
their  various  stages  of  progressive  development  until  he  supposed  he 
had  touched  the  confines  of  man  ;  he  then  seems  to  have  recoiled,  and 
hesitated  to  pass  the  boundary  which  separated  man  from  the  lower 
order  of  animals  ;  but  he  saw  that  all  his  pre\nous  logic  was  bad  if  he 
stopped  there,  so  man  was  made  from  the  ape  (with  which  no  one  can 
find  fault,  if  the  descent  be  legitimate).  This  stubborn  logic  pushes 
him  still  further,  and  he  must  find  some  connecting  link  between  that 
most  remarkable  property  of  the  human  face  called  expression ;  so  his 
Ingenuity  has  given  us  a  very  curious  and  readable  treatise  on  that 
subject.  Yet  still  another  step  must  be  taken  in  this  linking  together 
man  and  the  lower  order  of  animals  \  it  is  in  connection  with  language; 
and  before  long  it  is  not  unreasonable  to  expcKJt  another  production 
from  that  most  wonderful  and  ingenious  intellect  on  the  connection  be- 
tween the  language  of  man  and  the  brute  creation, 

I  Let  us  see  for  a  moment  what  thLs  reasoning  from  analogy  would 
d  us  to.     The  chemist  has  as  much  right  to  revel  in  the  imaginary 
mation  of  sodium  from  potassium,  or  iodine  and  bromine  from 
chlorine,  by  a  process  of  development,  and  call  it  science,  as  for  the 

flturalist  to  revel  in  many  of  his  wild  speculations,  or  for  the  physicist 
ho  studies  the  stellar  space  to  Lmagine  it  permeated  by  mind  as  well 
as  light — mind  such  as  has  formed  the  poet,  the  statesman,  or  the 
philosopher.     Yet  any  chemist  who  would  quit  his  method  of  investi- 
^■Stion,  of  marking  every  foot  of  his  advance  by  some  indelible  im- 
f^rint,  and  go  back  to  the  speculations  of  Albertus  Magnus,  Roger 
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Bacon,  and  other  alcbemistB  of  former  agesi  would  soon  be  dropped 
from  the  list  of  chemists  and  ranked  with  dreamers  and  specalators. 

What  I  have  said  is,  in  my  humble  opinion,  warranted  by  the  de- 
parture Darwin  and  others  have  made  from  true  science  in  their  parety 
epeculative  studieB ;  and  neither  he  nor  any  other  searcher  after  tmtl 
expects  to  hazard  great  and  startling  opinions  without  at  the  same 
time  courting  and  desiring  criticism ;  yet  dissension  from  his  riews  in 
no  way  proves  him  wrong — it  only  shows  bow  his  ideas  impreM  tiie 
minds  of  other  men.     And  just  here  let  me  contrast  the  daring  of 
Darwin  with  the  position  assumed  by  one  of  the  great  French  natural- 
ists of  the  present  day,  Prof  Quatrefages,  in  a  recent  discourse  of  hi» 
on  the  physical  character  of  the  human  race.     In  referring  to  the  ques- 
tion of  the  first  origin  of  man,  be  says  distinctly  that,  in  bis  opinion, 
it   is  one   that  belongs  not  to  science;  these  questions  are  treated 
bj  theologians  and  philosophers :  *^  Neither  here  nor  at  the  MuBi'um 
am  I,  nor  do  I  wish  to  be,  either  a  theologian  or  a  philosopher.    I 
am  simply  a  man  of  science ;  and  it  is  in  the  name  of  comparattfc 
physiology,  of  botanical  and  zoological  geography,  of  geology  and 
paleontology,  in  the  name  of  the  laws  which  govern  man  a«  weO  af 
animals  and  plants,  that  I  have  always  spoken,"    And,  Btndyiag  man 
as  a  scientist,  be  goes  on  to  say :  ^^  It  is  established  that  man  has  two 
grand  taculties,  of  which  we  find  not  even  a  trace  among  aoimala.    Be 
alone  has  the  moral  sentiment  of  good  and  evil ;  be  alone  believes  in 
a  future  existence  succeeding  this  natural  life ;  be  alone  believes  n 
beings  superior  to  himself^  that  be  has  never  seen,  and  that  are  capable 
of  influencing  his  life  for  good  or  evil ;  in  other  words,  man  alont  i* 
endowed  with  morality  and  religion*^*     Our  own  distinguished  oit- 
uralist  and  associate,  Prof  Agassiz,  reverts  to  this  theory  of  evolottoo 
in  the  same  positive  manner,  and  with  such  earnestness  and  waanth 
as  to  call  forth  severe  editorial  criticisms,  by  bis  speaking  of  it  ai  i 
"  mere  mine  of  assertions,'*  and  the  "  danger  of  stretching  infereaoa 
from  a  few  observations  to  a  wide  field ; "  and  he  is  called  upon  to  col* 
lect  ^^  real   observations   to   disprove   the  evolution   hypothesis.**    I 
would  here  remark,  in  defence  of  my  distinguished  friend,  that  scieor 
tific  investigation  will  assume  a  curious  phase  when  its  votaries  an 
required  to  occupy  time  in  looking  up  facts,  and  seriously  attemptiag 
to  disprove  any  and  every  hjrpothesis  based  upon  proof,  some  of  11 
not  even  rising  to  the  dignity  of  circumstantial  evidence, 

I  now  come  to  the  last  point  to  which  I  wish  to  call  the  atteDiioo 
of  the  members  of  the  Association  in  the  pursuit  of  their  inveetigi- 
tionfi|  and  the  speculations  that  these  give  rise  to  in  their  minds.  &^ 
ereneo  lias  already  been  made  to  the  tendency  of  quitting  the  physicil 
to  revel  in  the  metaphysical,  which,  however,  is  not  peculiar  to  thi* 
age,  for  it  Ixjlouged  as  well  to  the  times  of  Plato  and  Aristotle  a*  i* 
does  to  ours.  More  special  reference  will  be  made  here  to  the  pit^ 
clivity  of  the  present  epoch  among  philosophers  and  tbeologiant  to  N 
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parading  science  and  religloQ  side  by  side,  talking  of  reconciling  sci- 
eoce  and  religion,  as  if  they  have  ever  been  unreconciled.  Scientists 
and  theologians  may  have  quarrelled,  but  never  science  and  religion. 
At  dinners  they  are  toasted  in  the  same  breath,  and  calls  made  on  cler- 
gymen to  respond,  who,  for  fear  of  giving  offence,  or  lacking  the  fire 
and  firmness  of  St.  Paul,  utter  a  vast  amount  of  platitudes  about  the 
beauty  of  science  and  the  truth  of  religion,  trembling  in  their  shoes 
all  the  time,  fearing  that  science  falsely  so  called  may  take  away  tbeir 
professional  calling,  instead  of  uttering  in  a  voice  of  thunder,  like  the 
Boanerges  of  the  Gospel,  that  the  "  world  by  wisdom  knew  not  God." 
And  it  never  will.  Our  rt-ligion  is  made  so  plain  by  the  light  of  faith 
that  the  wayfaring  man,  though  a  fool,  cannot  err  therein. 

No,  gentlemen,  I  firmly  believe  that  there  is  less  connection  be- 
een  science  and  religion  than  there  is  between  jurisprudence  and 
itronomy,  and  the  sooner  this  is  understood  the  better  it  will  be  for 
both.  Religion  is  based  upon  revelations  as  given  to  us  in  a  book,  the 
contents  of  which  are  never  changed,  and  of  which  there  have  been  no 
revised  or  corrected  editions  since  it  was  first  given,  except  so  far  as 
man  has  interpolated ;  a  book  more  or  less  perfectly  understood  by 
mankind,  but  clear  and  unequivocal  in  all  essential  points  concerning 
the  relation  of  man  to  his  Creator ;  a  book  that  affords  practical  di- 
rections, but  no  theory ;  a  book  of  facts,  and  not  of  arguments  ;  a  book 
that  has  been  damaged  more  by  theologians  than  by  all  the  panthe* 
ists  and  atheists  that  have  ever  lived  and  turned  their  invectives 
against  it — ^and  no  one  source  of  mischief  on  the  part  of  theologians  is 
greater  than  that  of  admitting  the  profound  mystery  of  many  parts 
of  it,  and  almost  in  the  next  breath  attempting  some  sort  of  explana- 
tion of  these  mysteries.  The  book  is  just  what  Richard  Whately  says 
it  is,  viz,,  "  Not  the  philosophy  of  the  human  mind,  nor  yet  the  philos- 
ophy of  the  divine  nature  in  itself,  but  (that  which  is  properly  religion) 
the  relation  and  connection  of  the  two  beings — what  God  is  to  as, 
hat  he  has  done  and  will  do  for  us,  and  what  we  are  to  be  in  regard 
him.'*  ,  ,  .  Let  us  stick  to  science,  pure,  unadulterated  Bcience,  and 
ve  to  religion  things  which  pertain  to  it  \  for  science  and  religion 
like  two  mighty  rivers  flowing  toward  the  same  ocean,  and,  before 
hing  it,  they  will  meet  and  mingle  their  pure  streams,  and  flow 
together  into  that  vast  ocean  of  truth  which  encircles  the  throne 
of  the  great  Author  of  all  truth,  whether  pertaining  to  science  or 
to  religion,  And  I  will  here,  in  defence  of  science,  assert  that  there 
a  greater  proportion  of  its  votaries  who  now  revere  and  honor  re- 
Lon  in  its  broadest  sense,  as  understood  by  the  Christian  world,  than 
at  of  any  other  of  the  learned  secular  purBuits. 
But,  before  concluding,  I  cannot  refrain  from  referring  to  one  great 
«venl  in  the  history  of  American  science  during  the  past  year,  as  it 
will  doubtless  mark  an  epoch  in  the  development  of  science  in  this 
itry.    I  refer  to  the  noble  gift  of  a  noble  foreigner  to  encourage 
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tbe  poor  but  worthy  stadent  of  pure  science  in  this  ooantry.    It  is 
needless  for  me  to  insist  on  tbe  estimation  in  which  Prot  John  Tjnd&U 
is  held  among  us.     We  know  bim  to  be  a  man  whose  heart  is  as  largo 
as  his  head,  both  contributing  to  the  cause  of  science.     We  regard 
him  as  one  of  the  ablest  physicists  of  the  time,  and  one  of  the  most 
level-headed  philosophers  that  England  has  ever  produced — a  man 
whose  intellect  is  as  symmetrical  as  the  circle,  with  its  every  point 
equidistant  from  the  centre.     We  have  been  the  recipieut  of  former 
endowments  from  that  land  which,  we  thank  God,  was  our  molbe^ 
country,  for  from  it  we  have  drawn  onr  language,  our  liberty^  oor 
lawB»  our  literature,  our  science,  and  our  energy,  and  withont  whose 
wealth  our  material  development  would  not  be  what  it  is  at  the  pres- 
ent day.     Count  Rumford,  the  founder  of  the  Royal  Society  of  Lon- 
don, in  earlier  years  endowed  a  scientific  chair  in  one  of  our  larger 
universities,  and  Smithson  transferred  his  fortune  to  our  shores  tc 
promote  the  diffusion  of  science.     Now,  while  these  are  noble  gtfti, 
yet  Count  Rumford  was  giving  to  his  own  countrymen — ^for  he  WM 
an  American — and  they  were  posthumous  gifts  from  men  of  large  fe^ 
tune.    But  the  one  I  now  refer  to  was  from  a  man  who  ranks  not  with 
the  wealthy,  and  he  laid  his  offeriDg  upon  the  altar  of  science  in  thi^i 
country  with  his  own  hands ;  and  it  has  been  both  consecrated  aad 
blest  by  noble  words  from  his  own  lips ;  all  of  which  makes  the  gift  a 
rich  treasure  to  American  science ;  and  I  think  we  can  assure  htm  that| 
as  the  same  Anglo-Saxon  blood  flows  in  our  veins  as  does  in  hb  (tenh 
pered,  'tis  true,  with  the  Celtic,  Teutonic,  Latin,  etc.),  he  may  expect 
much  from  the  American  student  in  pure  ecieuoe  as  the  o&pring  of  la* 
gift  and  his  example. 


THE  GLACIERS  AND  THEIR  INTESTIGATOBS. 

Br  Paof.  JOHN  TYNDALL. 

SOON  after  my  return  from  America,  I  learned  with  greiit  coooen 
that  a  little  book  of  mine,  published  prior  to  my  departure,  hul 
given  grave  offence  to  some  of  the  friends  and  relativee  of  the  liW 
Principal  Forbes ;  and  I  was  specially  grieved  when  informed  that  tb* 
chastisement  considered  due  to  this  offence  was  to  be  administered  by 
gentlemen  between  whom  and  myself  I  had  hoped  mutual  reepeot  mi 
amity  would  forever  reign.  We  had,  it  is  true,  met  in  conflict  on  i^ 
other  field;  but  hostilities  had  honorably  ceased,  old  wounds  had,*'' 
all  appearance,  been  healed,  and  I  had  no  misgiving  aa  to  the  p** 
manence  of  the  peace  established  between  us. 

The  genesis  of  the  book  referred  to  is  this:  At  Christmas,  l8Tlt»* 
fell  to  my  lot  to  give  the  brief  course  of  "  Juvenile  Lectures  **  to  wtti 
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Varaday  for  many  years  before  Ms  death  lent  sacli  an  inexpressible 
■&barm*  The  subject  of  glaciers,  which  I  had  never  previously  treated 
■n  a  course  of  lectures,  might,  it  was  thonghtj  be  rendered  pleasant 
Knd  profitable  to  a  youthful  auclience.  The  sight  of  young  people 
■raodering  over  the  glaciers  of  the  Alps  with  closed  eyes,  desiring 
■mowledge,  but  not  always  finding  it,  had  been  a  familiar  one  to  me, 
Bud  I  thought  it  no  unworthy  task  to  respond  to  this  desirej  and  to 
H^ve  such  of  my  young  hearers  as  might  visit  the  Alps  an  intelligent 
Ibterest  in  glacier  phenomena* 

I  The  course  was,  therefore,  resolved  upon;  and,  to  render  its  value 
fcore  permanent,  I  wrote  out  copious  "  Notes,"  had  them  bound  to- 
vetber,  and  distributed  among  the  boys  and  girls.  Knowing  the 
■Amage  which  elementary  books,  wearily  and  confusedly  written,  had 
■one  to  my  own  young  mind,  I  tried,  to  the  best  of  my  ability,  to 
Bonfer  upon  these  "  Notes  "  clearnesB,  thoroughness,  and  life.  It  was 
By  particular  desire  that  the  imaginary  pupil  chosen  for  my  com- 
Kftnion  in  the  Alps,  and  for  whom,  odd  as  it  may  sound,  I  entertained 

■  real  affection,  should  rise  from  the  study  of  the  **  Notes  "  with  no 
Ikh^"  feeling  than  one  of  attachment  and  respect  for  those  who  had 
BTorked  upon  the  glaciers.  I  therefore  avoided  all  allusion  to  those 
pore  personal  dissensions  which,  to  the  detriment  of  science  and  of 

men,  had  begun  fifteen  years  prior  to  my  connection  with  the  glaciers, 
and  which  have  been  unhappily  continued  to  the  present  time. 

Prof.  Youmans,  of  New  York,  was  then  in  London,  orgaiming  the 
^  International  Scientific  Series,*'  with  which  his  name  and  energy  are 
lentified.  To  prove  my  sympathy  for  his  work,  I  had  given  him  per- 
lission  to  use  mj  name  as  one  of  his  probable  contributors,  the  date 
my  contribution  being  understood  to  belong  to  the  distant,  and  in- 
indefinite,  future.  He,  however,  read  the  *'  Notes,"  liked  them, 
rged  me  to  expand  them  a  little,  and  to  permit  him  to  publish  them 
Ifl  the  first  volume  of  his  series.  Hia  request  was  aided  by  that  of  an- 
other friend,  and  I  acceded  to  it— hence  the  little  book,  entitled  the 
**  Forms  of  Water,"  which  the  friends  and  relatives  of  Principal 
Forbes  have  read  with  so  much  discontent. 

That  modest  volume  lias,  we  are  informed,  caused  an  uncontem- 
plated addition  to  be  made  to  the  Life  of  Principal  Forbes,  lately 
published  under  the  triple  auspices  of  Principal  Shairp,  the  successor 
of  Principal  Forbes  in  the  College  of  St.  Andrew's,  Mn  Adams- 
Reilly,  and  Prof.  Tait.  "  It  had  been  otu:  hope,'*  says  Principal  Shairp, 
in  his  preface,  **  that  we  might  have  been  allowed  to  tell  our  story 
without  reverting  to  controversies  which,  we  had  thought,  had  been 
long  since  eactingnished.  But,  after  most  of  these  sheets  were  in  press, 
a  book  appeared,  in  which  many  of  the  old  charges  against  Principal 
Forbes  in  the  matter  of  the  glaciers  were,  if  not  openly  repeated,  not 
obscurely  indicated.  Neither  the  interests  of  truth,  nor  justice  to  the 
dead,  could  suffer  such  remarks  to  pass  unchallenged.    How  it  has 


748  TBM  POPULAR  SCIENCE  MONTHLY, 

bees  UxNiglil  beii  far tbe  preseat  to  meet  them,  Imim  lesire  mj  frieol 
sad  fellow-Imbomr,  P^o£  Tsit^  to  telL'^ 

Tbe  bcK»k  here  reHetrcd  to  is  the  tmpfretendiog  Tcdmiie 
leas  adreot  I  have  jut  described. 

I  bare  not  the  honor  of  knowing  Principal  Sbairp  persoomUj,  bd 
lie  win,  I  tmst,  permit  me  to  aaotre  him  of  two  things :  Fintlf,  ihal, 
in  writing  my  book,  I  had  no  notion  of  rekindling  an  extinct  fiie,  or 
of  treating  with  any  thing  bat  tenderness  the  memmry  of  hiB  Inaid 
Beeoodljy  that,  had  such  been  my  intention,  the  negatiTe  attribuU^ 
*'Boi  obaome,"  is  hardly  tbe  one  which  he  woald  bare  chosen  to  d^ 
scribe  the  words  that  I  should  hare  employed.  Bat  the  &ct  ii,  the  fin 
was  not  extinct :  the  anger  of  former  combats,  which  I  thoQght  tpenti 
was  still  poteotial,  and  my  little  book  was  but  tbe  Enger  which  pidled 
the  trigger  of  an  already-loaded  ^^xn* 

Let  ^e  book  speak  for  itself*  I  reproduce  here  m  «SBtoiso  the  ref- 
ereneea  to  Principal  Forbes,  which  bsTe  been  translated  into  **chargef '^ 
against  him  by  Principal  Shairp.  Ha  ring,  in  section  20,  mentiofied 
the  early  measurements  of  glaciers  made  by  Hug!  and  Agassia,  I  eoo- 
tinne  thus : 

^  We  now  snproich  ao  epoch  in  the  sdentifie  historj  of  giiciera.  Hid  Sfai 
first  obMrren  been  praeticslly  aoquslated  with  the  instrumeats  of 


used  hi  iunrejfng,  seciirate  meeioreoeats  of  the  motion  of  ^aoisfs  wosll 
ptobshl J  hare  beea  esriier  eaeooted,  We  ere  now  on  the  point  of  seeiaa  m/k 
iDBtnmieiits  intitnloced  almost  linmltaBeottsly  bj  M,  Agsasii  on  thisclaair<if 
the  ITnteraar,  and  bj  Prof.  Forbes  on  the  Her  de  Glsee.  Attesspte  Did  lees 
made  bjr  IL  Escher  de  la  linth  to  determine  the  motion  of  a  svies  of  wpsJM 
stikes  driveD  into  the  Aletacb  Glacier,  but  the  meltiiig  was  so  rapid  Ihst  1^ 
stakes  soon  felL  To  remedj  this^  M.  A^aiisiz,  in  IS&l,  onderlook  tht  mtl 
labor  of  carrring  boring-tools  to  his  ^  hotel,*  and  piemng  the  Unterasr  Ofabf 
at  six  different  ^aees  to  a  depth  of  ten  feet,  in  s  straight  Hae  aoroos  the  gjiriif 
Into  the  holes  stx  piles  were  ^g^  firmly  driven  that  they  remained  in  the  ghiii' 
for  a  yesr,  and,  in  1S42,  the  displacements  of  all  six  wers  dsHermined.  TVf 
were  foand  to  be  160  feet»  225  feet|  269  feet,  245  feet,  210  feet,  and  125  Miis- 
Bpectirelj, 

*^  A  great  step  is  here  gamed.  Yon  notioe  that  the  middle  aamben  are  Us 
largest.  They  correspond  to  the  central  portion  of  the  leader.  Hnos»  tb«i 
measarements  ooodosiFsly  establish^  not  only  the  Ihct  of  glacier  motioSi  krt 
that  the  etmlbf  ^th$  fflaaar^  Ui^  ikai  of  a  ri^er,  m^m  sere  r^pti^  Hm  ^ 


^''  With  the  aid  of  truned  engineerSi  IL  Agassis  followed  up  thees 
mentfi  in  sobseqaent  years.     His  researches  are  recorded  hi  a  weel 
'Byst^me  Glacisire,*  which  is  accompanied  by  a  rery  noble  Atlas  of  the  GMtf 
of  the  UnteraaTf  published  in  1847* 

**•  These  determiaations  were  made  by  means  of  a  theodo>litek  of  wbr 
give  yoQ  some  Dotion  inmiediately.  I^e  same  instroment  vss  empl> 
same  year  by  the  late  Principal  Forbes  upon  tbe  Mer  de  Glaee»  He  stablii^ 
independently  tbe  great^L^r  c^ntrul  motion.  He  showed,  moreorer,  thai IllfSlI 
neoessary  to  wait  a  year,  or  eren  a  week,  to  determtne  the  motion  of  a  glsciir; 
with  a  eorrectly-adtnsled  theodolite  he  waa  able  to  detarmi&e  tbe  motioa  dn- 
rioQs  points  of  the  Mer  de  Glace  from  day  to  day.  He  affirmed^  and  with  Mfc. 
tbat  tbe  motion  of  tbe  glacier  mi^bt  be  determined  from  hour  to  hour*  Wi 
shall  ^rove  this  farther  on.  Prot  Forbes  also  triangulated  the  Mer  ds  C21i0% 
and  laid  down  an  excelleDt  map  of  iL  His  first  observattups  and  his  mrwtj 
are  recorded  in  a  celebrated  book  published  fa  ISHL  and  eolStled  ^Trtnlik 
the  Alps.' 
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**  These  obftervationa  were  also  followed  ap  in  subsequent  years,  the  resulta 
being  recorded  Id  a  series  of  detached  letters  and  essaya  of  great  interest.  These 
were  Bubseqoently  collected  in  a  volume  entitled  ^  Occasianal  Papers  on  the 
Theory  of  Glaciers,'  published  in  1859.  The  labors  of  Agassi z  and  Forbes  are 
the  two  chief  ftouroes  of  our  knowledge  of  glacier  phenomena." 

It  would  be  difficult  for  an  unbiassed  persoD  to  find  in  these  words 
any  semblance  of  a  "  charge  "  against  Principal  Forbes,  His  friends 
and  relatives  may  be  dissatisfied  to  see  the  nanae  of  M.  Agassiz  placed 
first  in  relation  to  the  question  of  the  quicker  central  flow  of  glaciers  ; 
but  in  giving  it  this  position  I  was  guided  by  the  printed  data  which 
are  open  to  any  writer  upon  this  subject, 

I  have  checked  this  brief  historic  statement  by  consulting  again 
the  proper  authorities,  and  this  is  the  result ;  In  1341  Principal  Forbes 
became  the  guest  of  M.  Agassiz  on  the  glacier  of  the  Aar;  and  in  a 
^^yery  able  article,  published  some  time  subsequently  in  the  RUnhurgh 
^kEtfi7fei0,  he  speaks  of  "  the  noble  ardor,  the  generous  friendship,  the 
^BmTarying  good  temper,  the  true  hospitality  "  of  his  host.  In  order 
^Pto  explain  the  subsequent  action  of  Principal  Forbes,  it  is  necessary  to 
I  say  that  the  kindly  feeling  implied  in  the  foregoing  words  did  not 
continue  long  to  subsist  between  him  and  M.  Agassiz,  I  am  dealing, 
I  however,  for  the  moment  with  scientific  facts,  not  with  personal  dif- 
ferences ;  andj  as  a  matter  of  indisputable  fact,  M,  Agassiz  did,  in 
1841,  incur  the  labor  of  boring  six  holes  in  a  straight  line  across  the 
glacier  of  the  Aar^  of  fixing  in  these  holes  a  series  of  piles,  and  of 
measuring,  in  1842,  the  distance  through  which  the  motion  of  the 
glacier  had  carried  them*  This  measurement  was  made  on  July  20th  ; 
some  results  of  it  were  communicated  to  the  Academy  of  Science  in 

K*aris  on  August  Ist,  and  they  stand  in  the  "  Comptea  Rendua  "  of  the 
Lcademy  as  an  unquestionable  record,  from  which  date  can  be  taken. 
But  the  friends  quarrelled.     Who  was  to  blame  I  will  not  venture 
ere  to  intimate ;  but  the  assumption  that  M.  Agassiz  was  wholly  in 
the  wrong  would,  I  am  bound  to  say,  be  required  to  justify  the  sub- 
sequent conduct  of  Principal  Forbes.     He  was,  I  gather  from  the  Life, 
acquainted  with  the    use  of   surveying    instruments  j   and   knowing 
roughly  the  annual  rate  of  glacier-motion,  he  would  also  know  that 
through  the  precision  attainable  with  a  theodolite,  a  single  day's — 
probably  a  single  hour's  motioo^ — especially  in  summer,  must  be  dis* 
cemible.     With  such  knowledge  in  his  possession,  as  early  as  June, 
842,  and  without  deeming  it  necessary  to  give  his  host  of  the  Aar 
y  notice  of  his  intention,  Principal  Forbes  repaired  to  the  Mer  de 
lace,  made  in  the  first  iDStancc  a  few  rapid  measurements  at  the 
[ontanvert,  and  in  a  letter  dated  from  Courmayeur,  on  July  4th,  com- 
iUmcated  them  to  the  editor  of  the  Edinburgh  Neui  Philosophical 

He  did  not  at  that  time  give  any  numbers  expreflsing  the  ratio  of 

the  side  to  the  central  motion  of  the  glacier,  but  contented  himself 

ith  announcing  the  result  in  these  terms  :  "The  central  portion  of 
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tbe  Mer  de  Glace  moves  past  the  edges  in  a  very  coDsiderable  pro* 

portion,  quite  contrary  to  the  opinion  generally  entertained,"  This 
communication,  ae  I  have  said,  hears  the  date  of  July  4th  ;  but  it  wii 
first  published  in  the  October  number  of  the  journal  to  which  it  was 
addressed.  My  reason,  therefore,  for  mentioning  Agassiz  first  in  the 
"  Forms  of  Water "  is,  that,  apart  from  all  personal  complications, 
his  experiment  was  begun  ten  months  prior  to  that  of  his  rlTal,  and 
that  he  had  also  two  months'  priority  of  publication^ 

Neither  in  his  **  Travels  in  the  Alps  "  nor  in  his  "  Occasional  Par 
pers,"  does  Principal  Forbes,  to  my  knowledge,  make  any  reference 
to  this  communication  of  Agassis.  I  am  far  from  charging  him  with 
conscious  wrong,  or  doubting  that  he  justified  this  reticence  to  Lis 
own  mind.  But  my  duty  at  present  lies  with  objective  facts,  and  not 
with  subjective  judgments.  And  the  fact  is  that,  for  eighteen  yeara 
subsequent  to  this  campaign  of  1842,  Agassiz,  as  far  aa  the  gladen 
are  concerned,  was  practically  extinguished  in  England,  The  labors 
of  the  following  years  failed  to  gain  for  him  any  recognition*  His 
early  mistake  regarding  the  quicker  motion  of  the  sides  of  a  glacier, 
and  otber  weaknesses,  were  duly  kept  in  view ;  but  his  positive  maii- 
urements,  and  his  Atlas,  which  prove  the  observations  upon  the  glacier 
of  the  Aar  to  be  far  more  complete  than  those  made  upon  any  other 
glacier,  were  never  permitted  to  yield  the  slightest  credit  to  their  sih 
thor,     I  am  no  partisan  of  Agassiz,  but  I  desire  to  be  just* 

Here,  then,  my  case  ends  as  regards  the  first  reference  to  Principsl 
Forbes,  in  section  20  of  the  **  Forma  of  Water*" 

In  section  48  I  describe  the  dirt-bands  of  the  Mer  de  Glaoe,  and 
ascribe  the  discoveiy  of  them  to  Principal  Forbes*  There  can  be  no 
thought  of  a  "  charge  "  here. 

The  next  reference  that  has  any  bearing  upon  this  discussion  ofr 
curs  in  sections  59  and  60  of  the  "  Forms  of  Water,**    I  qnote  it  fuUf : 

**  By  none  of  these  writers  is  the  property  of  viscosity  or  plaakkity  wcriM 
to  glacier-ice ;  the  appearances  of  many  glaciers  are,  however,  so  sagget^n^i 
this  idea  that  wo  may  bo  sure  it  would  have  found  more  frequent  €xpw**i«« 
were  it  not  in  auch  apparent  contradiction  with  oarevery-day  experien' 
'*  Still  the  idea  foond  its  advocates.     In  a  little  book,  published  in  l 
entitled  'Picturesque  Journey  to  the  Glaciers  of  Savoy,' Bordier,  of  i 
wrote  thus:  '  It  is  now  tirae  to  look  at  all  these  objects  with  the  eyes  of  ^ 
to  study,  in  the  first  place,  the  position  and  tlie  progression  o*"    *         %  ano  u 
seek  the  sohitioo  of  their  principal  phenomena,     At  the  first  tha  \^ 

TDountains  an  ohservation  presents  itself,  which  appears  sufficitfui  Uf  civi*laillill 
It  h  that  the  entire  mass  of  ice  is  connected  together,  and  pressee  frcun  tlwvt 
downward  after  the  manner  of  fluids.  Let  na,  then,  regard  the  loo,  aot  ••  i 
uiAss  entirely  rigid  and  immohile,  but  as  a  heap  of  coagulated  mattcir^  or  ^ 
softened  wax*  flerible  and  dactile  to  a  certain  point*  Here  prohAbly  for  ^ 
first  time  the  quality  of  plasticity  is  ascribed  to  the  ice  of  glaciers. 

^  **  To  us,  familiar  \\itli  the  aspect  of  the  glaciera,  it  must  seem  Btrmo^  tiW 
this  idea  once  expressed  did  not  at  once  receive  recognition  and  develo|NDi>t 
But  in  those  early  days  explorers  were  few,  and  the  ^Pieturesqne  JooTHf' 
probably  but  little  known,  so  that  the  notion  of  plasticity  lay  dormant  foriiXW 
than  half  a  century.  But  Bordler  was  at  length  succeeded  by  a  mm  ti  tB 
greater  scientific  grasp  and  insight  than  himself.    Thii  waa  Reiid%  a  OitbdB* 
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prieit  and  cjmon  when  lie  wrote,  and  afterward  Bishop  of  Annecj,  In  1841 
Kenda  laid  before  tlie  Academy  of  Sciences  of  Savoy  Im  *  Theory  of  the  Gla- 
ciers of  Siivoy/  a  oontribution  forover  memorable  in  relation  to  this  sobject. 

"Rendu  seized  the  idea  of  glacier  plasticity  with  great  power  and  clearness, 
and  foUowed  it  resolntely  to  it^  consequences.  It  ia  not  known  that  lie  had 
ever  Been  the  work  of  Bordier ;  probably  not,  as  be  never  mentions  it»  Let  mo 
qnote  for  yon  some  of  Kendu*s  exjiressionfl,  which,  however,  fail  to  ^ive  an  ade- 
quate idea  of  his  insight  and  precision  of  thought:  *  Between  the  Mer  de  Glace 
and  a  river  there  is  a  resemblance  bo  complete  that  it  is  impossible  to  find  in 
the  glacier  a  circBmatance  which  does  not  exist  in  the  river.  In  currents  of 
water  the  motion  is  not  nnifonn,  either  throughout  their  width  or  throughout 
their  depth.  The  friction  of  the  bottom  and  of  the  sidesj  with  tlie  action  of 
local  hindrances^  causes  the  motion  to  vary,  and  only  toward  the  middle  of  the 
surface  do  we  obtain  the  full  motion.* 

**  This  reads  like  a  prediction  of  what  has  since  been  established  by  meas- 
Tirement  Looking  at  the  glacier  of  Mont  Dolentj  which  resembles  a  sheal'  in 
form,  wide  at  both  ends  and  narrow  in  the  middle,  and  reflecting  that  the  upper 
wide  part  had  become  narrow,  and  the  narrow  middle  part  again  w^ide.  Rendu 
observes;  ^ There  ia  a  multitude  of  factiS  whicli  seem  to  necessitate  the  belief 
that  glacier-ice  enjoys  a  kind  of  ductility,  which  etables  it  to  mould  itself  to  its 
locality,  to  thin  out,  to  swell,  and  to  contract,  as  if  it  were  a  soft  paste.' 

**To  folly  test  his  conclusions,  Rendu  required  the  accurate  measurement 
of  glacier  motion.  Had  he  added  to  his  other  endowoienta  the  practical  skill 
of  a  land-surveyor,  he  would  now  be  regarded  as  the  prince  of  glacialists.  As 
it  was,  he  was  obliged  to  be  content  with  imperfect  measurements.  In  one  of 
his  excursions  he  examined  the  guides  regarding  the  successive  positions  of  a 
vast  rock  which  he  found  upon  the  ice  close  to  the  side  of  the  glacier.  The 
mean  of  five  years  gave  him  a  motion  for  this  block  of  forty  feet  a  year. 

"Another  block,  the  transport  of  which  he  subsequently  measured  more 
accurately,  gave  him  a  velocity  of  400  feet  a  year.  Note  his  explanation  of  this 
discrepancy:  ^ The  enormous  diflerenco  of  these  two  observations  arises  from 
the  fact  tliat  one  block  stood  near  the  centre  of  the  ghteler,  which  moves  most 
rapidly,  while  the  other  stood  near  the  sidej  w^hero  the  ice  is  held  back  by  fric- 
tions^ 80  clear  and  definite  were  Rendu*s  ideas  of  the  plflstic  motion  of  gla- 
c&ere,  that,  had  the  question  of  curvature  occurred  to  him,  I  entertain  no  doubt 
that  tie  would  have  enunciated  bt  forehand  the  shifting  of  the  point  of  maximum 
motion  from  side  to  side  across  the  axis  of  the  glacier  (g  25). 

"  It  is  right  that  you  should  know  that  scientific  men  do  not  always  agree 
in  their  estimates  of  the  comparntive  value  of  facts  and  ideas;  and  it  is  espe- 
cially right  that  you  alvould  know  that  your  present  tutor  attache*  a  very  high 
value  to  ideas  when  they  spring  from  the  profound  and  persistent  pondering  of 
laperior  minds,  and  are  not,  as  is  too  often  the  case,  thrown  out  without  the 
warrant  of  either  deep  thought  or  natural  capacity.  It  ia  because  I  believe 
Bendu^s  labors  fulfil  this  condition  that  I  ascribe  to  them  so  high  a  value.  But, 
when  you  become  older  and  better  informed,  you  may  differ  from  me;  and  I 
write  these  words  lest  you  should  too  readily  accept  my  opinion  of  Rendu, 
Jndge  me,  if  you  care  to  do  so,  when  your  knowledge  is  matured,  I  certainly 
•hall  not  fear  your  verdicts 

"  Bat,  much  as  I  prize  the  prompting  idea,  and  thoroughly  as  I  believe  that 
often  in  it  the  force  of  genius  mainly  lies,  it  would^  m  my  opinion,  be  an  error 
of  omission  of  the  gravest  kind,  and  which,  if  habitual,  w  ould  Insure  the  ultl- 
mate  decay  of  natural  knowledge,  to  neglect  verifjnng  our  ideas,  and  giving  them 
mitward  reality  and  substance  w*hen  the  means  of  doing  so  are  at  hand*  In 
eneei  thought,  as  far  as  possible,  ought  to  he  wedded  to  fact.  This  was  at- 
impted  by  Rendu^  and  in  great  part  accomplished  by  Agassiz  and  Forbes. 

**  Here,  indeed,  the  merits  of  the  distinguished  glaclalist  last  named  rtsecon- 
■picuonsly  to  view.  From  the  able  and  earnest  advocacy  of  Prof  Forbes,  the 
public  knowledge  of  this  doctrine  of  glacial  plasticity  is  dmoet  wholly  derived. 
He  gave  the  doctrine  a  luore  distinctive  form ;  he  first  applied  the  term  viteous 
to  glacicr-icc,  and  sought  to  found  upon  precise  measurements  a  ^viscoua 
theory '  of  glacier-motion, 

I  am  here  obliged  to  state  facts  in  their  historic  sequence.    Prof,  Fori 
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when  be  began  bis  iDvestigations,  woa  acquainted  with  tbe  labors  of  Reodn.  In 
bis  earliest  works  upon  tbe  Alps  he  refers  to  those  labors  in  terms  of  ^atterin^ 
recognition.  But,  thongb,  as  a  matter  of  fact,  Kendn's  ideas  were  tbere  to 
prompt  hioi)  it  would  be  too  macb  to  say  that  be  needed  their  inspiratioxL 
Had  Rendu  not  preceded  hina,  be  raigbt  none  the  less  have  grasped  the  idea  of 
viecositj,  executing  his  measurements,  and  applying  his  knowledge  to  mainiam 
it.  Be  that  as  it  may,  tbe  appearance  of  Prof,  Forbes  on  the  Unteraar  Gladftr 
in  1841,  and  on  Ibe  Mer  de  Glace  in  1843,  and  bis  labors  tben  and  enbcfr* 
qnentlj,  have  ^ven  bim  a  name  not  to  be  forgotten  in  the  scientific  bistory  of 
glaciers." 

Here,  again,  I  baye  to  declare  that,  in  nmting  thus,  I  had  no  no- 
tion of  **  raking  up  "  an  old  controversy*  My  object  was  to  render 
my  account  historically  continuous,  and  there  Is  not  a  single  word  to 
intimate  that  I  took  exception  to  Principal  Forbes's  treatment  of 
Rendu.  Nay,  while  placing  tbe  bishop  in  tbe  position  he  merited,  I 
went  out  of  ray  way  to  point  out  that,  in  all  probability,  Principal 
Forbes  required  no  such  antecedent.  So  desirous  was  I  that  no  un- 
kind or  disparaging  word  isbould  escape  me  regarding  Principal  Forbes, 
that,  bad  a  reasonable  objection  to  the  phraseology  here  used  been 
communicated  to  me  by  his  friends,  I  should  have  altered  tbe  wholu 
edition  of  tbe  work  sooner  than  allow  the  objectionable  matter  to  ap* 
pear  in  it,  ♦  .  ,  . 

My  final  reference  to  Principal  Forbes  was  in  §  67  of  the  "  Fonni 
of  Water,"  where  tbe  veined  structure  of  glacier-ice  is  dealt  with.  lu 
description  by  Guyot,  who  first  observed  it,  is  so  brief  and  appropriate 
that  I  quoted  his  account  of  it.  But  this  was  certainly  not  with  I 
view  of  damaging  the  originality  of  Principal  Forbes.  In  paragraph 
474  of  my  book  the  observation  of  the  etnicture  upon  tbe  glacier  of 
the  Aar  is  thus  spoken  of:  "The  blue  veins  were  observed  indepeih 
dently  three  years  after  M,  Guyot  bad  first  described  them.  I  say  in^ 
dependently,  because  M.  Guyot's  description,  though  written  in  IftSfi; 
remained  nnprinted,  and  was  unknown  in  1841  to  the  observers  on  the 
Aar.  These  were  M.  Agassiz  and  Prof,  Forbes.  To  the  questloa  of 
structure,  Prof,  Forbes  subsequently  devoted  much  attention,  and  il 
was  mainly  bis  observations  and  reasonings  that  gave  it  the  important 
position  now  assigned  to  it  in  glacier  phenomena.*' 

This  is  the  account  of  Guyot's  observation  given  by  PVincijAi 
Forbes  himself.  But  it  may  be  objected  that  I  am  not  correct  in  ol»«i' 
ing  bim  and  Agassis  thus  together,  and  that  to  Principal  Forbes  aboe 
belongs  the  credit  of  observing  tbe  veined  structure  upon  the  Aaf 
Glacier,  This  may  be  true,  but  would  an  impartml  writer  be  justified 
in  ignoring  the  indignant  protests  of  M«  Agassiz  and  bis  companiooff 
With  regard  to  the  development  of  the  subject,  I  felt  perfectly  iirt 
of  tbe  merits  of  Principal  Forbes,  and  did  not  hesitate  to  give  bia 
the  benefit  of  my  conviction. 

Sucb,  tben,  are  the  grounds  of  Principal  Sbairp's  complaint  quol^ 
at  the  outset — such  the  "charges"  that  I  have  made  "againit  Pria* 
cipal  Forbes,"  and  which  the  "  interests  of  truth  "  and  *<  justice  to  tie 


TffE  GLACIERS  AND   THEIR  INVESTIGATORS.    753 

dead  *'  could  not  *'  suffer  to  pass  uncballeDged."  There  is,  I  submit, 
BO  color  of  reason  in  sucli  a  complaint,  and  it  would  never,  I  am  per- 
suaded, have  been  made  had  not  Principal  Shairp  and  las  colleagues 
foand  themselves  in  possession  of  a  document  which,  though  pub- 
lished a  dozen  years  ago  by  Principal  Forbes,  was  never  answered  by 
me,  and  which^  in  the  belief  that  I  am  unable  to  answer  it,  is  now  re- 
produced for  my  confutation, 
^^  The  document  here  referred  to  appeared  soon  after  the  publication 
^■of  the  "  Glaciers  of  the  Alps  "  in  1800.  It  is  entitled  "  Reply  to  Pro- 
^■lessor  Tyndairs  Kemarks  in  his  Work  on  the  *  Glaciers  of  the  Alps, 
^^relating  to  Rendu's  '  Theorie  des  Glaciers,'  '*  It  was  obviously  written 
L  under  feelings  of  great  irritation,  and,  longing  for  peace,  the  only 
^BnubHc  notice  I  took  of  it  at  the  time  was  to  say  that  "  I  have  ab- 
^"Irtained  from  answering  my  distinguiBhed  censor,  not  from  inability  to 
do  80,  but  because  I  thought,  and  think,  that  witljin  the  limits  of  the 
case  it  is  better  to  submit  to  misconception  than  to  make  science  the 
arena  of  personal  controversy."  My  critics,  however,  do  not  seem  to 
understand  that,  for  the  sake  of  higher  occupations,  statements  may 
be  allowed  to  pass  unchallenged  which,  were  their  refutation  worth 
the  necessary  time,  might  be  blown  in  shreds  to  the  winds.  Of  this 
precise  character,  I  apprehend,  are  the  accuf;ations  contained  in  the 

I  republished  essay  of  Principal  Forbes,  which  his  friends,  professing  to 
know  what  he  would  have  done  were  he  alive,  now  challenge  me  to 
meet.  I  accept  the  challenge,  and  throw  upon  them  the  responsibility 
frf  my  answer.  .  .  J- 
I  Having  thus  disposed  of  the  two  really  serious  allegations  in  the 
reply,  I  am  unwilling  to  follow  it  through  its  minor  details,  or  to  spend 
lime  in  refuting  the  various  intimations  of  littleness  on  my  part  con- 
tained in  it.  The  whole  reply  betrays  a  state  of  mental  exacerbation 
which  I  willingly  left  to  the  softening  influence  of  time,  and  to  which, 
unless  forced  to  it,  I  shall  not  recur. 

The  biographer  who  has  revived  this  suljject  speaks  of  "  the  numer- 
ous controversies  into  which  he  "  (Principal  Forbes)  *'  was  dragged." 
I  hardly  think  the  passive  verb  tlie  appropriate  one  here.    The  fol- 
lowing momentary  glimpse  of  Principal  Forbes's  character  points  to  a 
truer  theory  of  his  controversies  than  that  winch  would  refer  them  to 
drag"  external  to  himself: 
The  hasty  glance,"  says  this  biographer,  "  which  I  have  been  able 
bestow  upon  his  less  scientific  letters  has  shown  me  that  Forbes  at- 
.ched  great  importance  to  mere  honorary  distinctions,  as  well  as  the 
pinion  of  others  regarding  the  value  of  his  discoveries.    It  has  opened 
a  view  of  a,  to  me,  totally  unexpected  feature  of  his  character," 
is  is  honest,  but  that  the  revelation  should  be  "nnerpected"  is  to 
1©  surprising.     The  **  love  of  approbation  "  here  glanced  at  was  in 
'lincipal  Forbes  so  strong  that  he  could  not  bear  the  least  criticism 
'  Wc  omit  this  portion  of  the  discusstou,  for  lack  of  Fpnce.— Editor. 

TOt.  III. — Ifi 
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of  bis  work  without  resenting  it  as  personaL  I  well  remember  the 
late  excellent  William  Hopkins  describing  to  mo  his  astonisbiueut 
when,  at  the  meeting  of  the  British  Association  at  York,  a  purely  sci- 
entific remark  of  his  on  Forbes's  glacier  theory  was  turned,  with  %Tk\- 
den  acerbity,  into  a  personal  matter.  It  is  of  a  dbcussion  arising  oat 
of  this  remark  that  Principal  Forbes  writes  thus :  **  We  had  a  post- 
poned discus sioo  on  glaciers  on  Saturday  morning,  when  Hopkins  and 
I  did  battle,  and  I  am  sorry  to  say  I  felt  it  exceedingly ;  it  discompoied 
my  nerves  and  made  me  very  uncomfortable  indeed,  until  I  was  soothed 
by  the  minster-service  yesterday."  * 

But  no  amount  of  **  minster-service  **  could  cope  with  so  strong  i 
natural  bias,  and  many  a  bitter  drop  fell  from  the  pen  of  Principsl 
Forbes  into  the  lives  of  those  whom  he  opposed  subsequent  to  Uiii 
service  at  York.  On  hearing  of  the  paper  presented  by  Mr.  Huiley 
and  myself  to  the  Royal  Society,  he  at  once  jumped  to  the  concliiEi<m 
that  the  glaciers  were  to  be  made  a  "  regular  party  question*"  **  All 
I  can  do,"  ho  says,  '^  is  to  sit  still  till  the  indictment  Is  made  out ;  and 
I  cordially  wish  my  enemy  to  write  a  book  and  print  it  speedily,  sa 
any  thing  is  better  than  innuendo  and  suspense."  *  What  he  meant 
by  "  indictment "  I  do  not  know ;  and,  with  regard  to  **  innuendoi" 
neither  of  the  writers  of  the  paper  would  be  likely  to  resort  to  it  in 
preference  to  plain  speaking.  The  words  of  a  witty  philosopher  at 
the  time  here  referred  to  are  significant :  "  Tyndall,"  he  said,  **  is  h^ 
ginning  with  ice,  but  he  will  end  in  hot  water/'  lie  knew  the  circum- 
stances, and  was  able  to  predict  the  course  of  events  with  tbe  c<T* 
tainty  of  physical  prevision. 

The  quality  referred  to  by  his  biographer,  and  the  tendency  ariang 
from  it  to  look  at  things  in  a  personal  light,  caused  his  intellect  to  mn 
rapidly  into  hypotheises  of  moral  action  which  had  no  counterpart  in 
real  life.  I  read  with  simple  amazement  his  explanation  to  his  friend 
^In  Wills  of  the  postponement  of  the  publication  of  the  **Glacierf  of 
the  Alps."  Some  of  his  supporters  in  the  Council  of  the  Royal  So- 
ciety had  proposed  him  for  the  Copley  Medal,  but  without  success; 
Had  the  rules  of  good  taste  heen  observed,  he  would  have  known 
nothing  of  thcfc  discuBSions ;  and,  knowing  them,  he  ought  to  have 
ignored  them.  But  he  writes  to  his  friend  ;  "  I  believe  the  effect  of 
the  struggle,  though  unsuccessful  in  its  immediate  object,  will  be  to 
render  Tyndall  and  Hnxley  and  their  friends  more  cautious  in  their 
further  proceedings.  For  instance,  Tyndall's  book,  again  withdrawn 
from  Murray's  *  immediate '  list,  will  probably  be  infinitely  more  care- 
fully worded  relative  to  Rendu  than  he  first  intended,"  • 

I  should  be  exceedingly  sorry  to  apply  to  Principal  Forbes  ibo 
noun-substantive  which  Byron,  in  *' Child e  Harold,"  applied  t-  ^ 
seau,  but  the  adjective  "  self-torturing"  is,  I  fear,  only  too  appi 
Hia  quick  imagination  suggested  chimerical  causes  for  events,  but 
^  IM,  p.  166.  •  Ibid.,  p.  869»  » Ibid.,  p.  S81 
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^Dever  any  thing  more  chimerical  than  that  here  assigned  for  the  post- 
ponement of  my  book  and  its  probable  improvement.  Tlie  "  straggle" 
in  the  council  had  no  influence  npon  me^  for  this  good  reason,  if  for 
no  other,  that  I  knew  absolutely  nothing  of  the  character  of  the  strug- 
gle. In  Nature^  for  Jfay  22,  18^3,  Prof,  Huxley  has  effectually  dis- 
posed of  this  hypothesis  ;*  and  those  who  care  to  look  at  the  opening 
sentences  of  a  paper  of  mine  in  Mr,  Francis  Galton's  **  Ya cation  Tour- 
ists for  1860,"  will  find  there  indicated  another  reason  for  the  delay, 
I  may  add^  that  the  only  part  I  ever  took  in  relation  to  Principal 
Forbes  and  a  medal  was  to  go  on  one  occasion  to  the  Royal  Society 
with  the  express  intention  of  recommending  that  he  Bhould  have  one. 

The  features  of  character  partly  revealed  by  his  biographer  also 
explain  that  tendency  on  the  part  of  Principal  Forbes  to  bring  bis 
own  labora  into  relief,  to  the  manifest  danger  of  toning  down  the 
labors  of  others.  This  is  illustrated  by  the  foot*note  appended  to  page 
H^.  It  is  also  illustrated  by  his  references  to  Rendu,  which,  frequent 
Ind  flattering  as  they  are,  left  no  abiding  impression  upon  the  reader's 
lind.  By  some  qualifying  phrase  the  quotation  in  each  case  is  de- 
prived of  weight ;  while  practical  extinction  for  eighteen  years  was, 
already  intimated,  the  fate  of  the  "  generous  "  and  "  hospitable  " 
kgaasiz. 

Toward  the  close  of  tho  "  Life  "  liis  biographer,  while  admitting 
[lat  "  to  say  that  Forbes  thoroughly  explained  the  behavior  of  gla- 
ciers would  be  an  exaggeration,"  claims  for  him  that  he  must  **  ever 
»tand  forward  in  the  history  of  the  qnestion  as  one  of  its  most  effective 
ad  scientific  promoters,"    This  meed  of  praise  I  should  be  the  last 
deny  him,  for  I  believe  it  to  be  perfectly  just.    To  secure  it,  how- 
ver,  no  bitterness  of  controversy,  no  depreciation  of  the  services  of 
others,  was  necessary.     One  point  here  needs  a  moment's  clearing  up, 
^e  word  "  theory,"  as  regards  glaciers,  slides  incessantly,  and  with- 
it  warning,  from  one  into  the  other  of  two  different  senses.    It  means 
>metimes  the  purely  physical  theory  of  their  formation,  structure,  and 
notion,  with  which  the  name  of  Principal  Forbes  is  so  largely  iilen- 
ed.     But  it  has  a  wider  sense  where  it  embraces  the  geological 
fn  of  glaciers  on  the  surface  of  the  globe.    For  a  long  time  "  gla- 
theory  "  had  reference  mainly  to  the  geological  phenomena  ;  it  was 
tWfl  sense  that  the  words  were  employed  by  Principal  Forbes  10  his 
tide  in  tha  Mlm^urgh  Eemew^  published  in  1842,    It  is  in  this 
t  that  they  are  now  habitually  applied  by  M,  Agassiz,  and  in  rela- 
to  the  theoiy  thus  defined  it  is  no  more  than  natural  for  his  sup- 
^rters  to  assign  to  M.  Agassiz  the  highest  place.    I  mention  this  to 
bolish  the  mystification  which  threatens  to  sun-onnd  a  question  which 
is  simple  statement  will  render  clear. 
I  trust  I  may  be  pei-mitted  to  end  here.    Strong  reasons  may  cause 

•  The  wordt  "  drift  of  my  statement/*  employed  in  Frot  Huxley *a  letter,  ought  to 
\  draft  of  my  itAtecjent 
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me  to  revert  to  this  qiiGetion,  but  they  must  be  very  strong.  I  would 
only  warn  my  readers  against  the  assumption  that,  if  I  do  not  reply 
to  further  attack^  I  am  unable  to  reply  to  it.  The  present  rgolsdtr 
fumiehes  sufficient  proof  of  tho  doubtfulness  of  such  a  eonclnsian. 
There  is  one  darkly-expressed  passage  in  the  **Life  of  Pmcipd 
Forbes"  which  may  cover  something  requiring  notice.  We  are  io* 
formed  that  he  preserved  and  carefully  docketed  all  letters  written  to 
him,  and  that  be  retained  copies  of  all  his  own.  It  is  with  regard  to 
this  correspondence  that  his  biographer  writes  thus :  **  Many  extracts, 
and  even  entire  letters,  may  bo  selected  which  are  free  from  oontro- 
versy,  yet  in  general  these  would  give  but  an  imperfect  notion  of  the 
import  of  the  whole*  Others  again  cannot  be  published  at  present,  h^ 
cause  the  writers  supply  him  with  details  of  that  mysterious  irir^ 
pulling  which  seems  to  be  inseparable  from  every  transaction  inTolriflg 
honors  (scientific,  in  common  with  all  others,  it  is  humiliating  to  con- 
fess).  The  value  of  this  unique  series  is,  however,  go  great,  and  its 
preservation  so  complete,  that  it  is  to  be  hoped  it  may  be  safcdy  de- 
posited (under  seal)  in  the  care  of  some  scientific  society  or  ixistitiition, 
to  be  opcued  only  when  all  the  actors  have  passed  from  the  scene,** 

These  undignified  allusiong  to  "wire-pulling"  are  perfectly ditk 
to  me  \  but  if  the  letter  addressed  to  3Ir.  Wills  may  be  taken  u  % 
specimen  of  the  entire  **  series,"  here  referred  to,  then  I  agree  ^  '  " 
biographer  in  pronouncing  it  "  unique."  Would  it  not,  howev; 
manlier  course,  and  a  fairer  one  to  those  who,  writing  without  arri^ 
pensee,  retain  no  copies  of  what  they  write,  to  let  them  know,  while 
they  are  here  to  take  care  of  themselves,  how  their  reputatious  are 
affected  by  these  letters  of  Principal  Forbes  ?  For  my  own  persoQil 
part  I  am  prepared  to  challenge  the  production  of  this  correspondence 
now, —  Contemporar}/  Hcvicw^ 
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OUR  satellite  holds  a  somewhat  anomalous  position  in  the  IitW". 
ature  of  astronomy.  The  most  beautiful  object  in  the  hearw** 
the  orb  which  telescopists  study  under  the  most  favorable  oonditiooi, 
and  the  planet — for  a  planet  she  is — which  has  afforded  the  inort  ia>- 
portant  information  respecting  the  economy  of  the  univer^i^  '^  "~'  ' 
thcless  has  not  received  that  attention  from  descriptive  v  ; 
she  really  merits.  The  cause  is,  perhaps,  not  far  to  seek.  Tht 
of  the  moon  can  scarcely  Ijc  described  in  words,  and  cannot  I 

'  "  The  Moon :  bcr  Motions,  Aspect,  SoeoerT,  uid  Physical  Coodltion,**    Bj  ^■ 
A.  PioetOf^  B.  A-,  Cttinbrid^i?  (Engliind),  Honorary  Secretary  of  the  Boykl  A*t' 
Society  of  London  :  author  of  the  *•  Sun,**  "  gatum/*  *'  Other  Worlds,''  t'tc,    K 
D.  Appleton  k  Co.    Price,  f4.50. 
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ured  by  the  moat  skilful  artist ;  the  information  conveyecl  by  the 
telescope  is  too  definite  to  permit  of  speculation  as  with  the  other 
planets,  yet  not  definite  enough  to  solve  the  questions  about  which 
ihe  students  of  astronomical  works  take  most  interest ;  and  the  infor- 
mation wbich  astronomers  have  obtained  from  the  moon's  motions  can 
only  be  appreciated  when  those  motions  are  thoroughly  analyzed,  and 
it  has  not  been  found  easy  to  simplify  this  analysis,  that  the  general 
reader  might  fairly  be  expected  to  take  interest  in  the  matter* 

The  work  before  us  is  intended  to  remove  this  long-recognized 
want  in  the  literature  of  astronomy.  The  time  has  come  when  tfiis  is 
practicable.  The  splendid  photographs  of  Rutherford,  of  New  York, 
and  De  La  Rue,  in  England,  supply  the  means  of  exhibiting  truthfully 
the  real  nature  of  our  satellite's  surface.  Mr.  Proctor  has  been  for- 
tunate in  obtaining  from  Mr»  Rutherford  permission  to  use  tbree  of  his 
most  effective  photographs  of  the  moon  to  illustrate  the  present  work. 
Recent  researches,  again,  into  the  processes  which  are  going  on  within 
the  Bolar  system  (so  long  mistakenly  supposed  to  be  unchangmg  in 
condition),  suggest  considerations  respecting  the  past  condition  of 
the  moon,  at  once  bringing  her  within  the  range  of  speculation  and 
theory.  Telescopic  observations,  also  more  scrutinizing  than  those 
lade  of  yore,  and  applied  more  persistently,  begin  to  indicate  the 
sibility  at  least  of  recognizing  the  signs  of  change,  and  perhaps  of 
ibowing  that  our  mooo  is  not  the  dead  and  arid  waste  which  astron- 
omers have  hitherto  supposed  her  to  be»  The  heat  measurements  of 
Lord  Rosse  also  throw  itnportant  light  on  the  question  of  her  present 
condition.  And  then,  as  respects  those  points  which  constitute  the 
main  scientific  interest  of  our  satellite,  her  motions  under  the  varying 
inflnences  to  which  she  is  subjected,  Mr*  Proctor  has  devoted  here  his 
11  energies  and  the  results  of  a  long  experience,  to  the  endeavor  to 
ake  clear,  even  to  those  who  are  not  mathematicians,  the  consider- 
ations which,  weighed  and  analyzed  in  the  wonderful  brain  of  Newton, 
supplied  the  means  of  demonstrating  the  theory  of  the  universe. 

On  this  important  department  of  his  subject,  Islt,  Proctor  makes 
the  following  remarks  in  his  preface  :  "In  Cbapter  IL  I  have  given  a 
ery  full  account  of  the  peculiarities  of  the  moon's  motions  ;  and,  not- 
ithstanding  the  acknowledged  difliculty  of  the  subject,  I  think  my 
■account  is  sufficiently  clear  and  simple  to  be  nnderstood  by  any  one, 
vcn  though  not  acquainted  with  the  clement^  of  mathematics,  who 
11  be  at  the  pains  to  read  it  attentively  through.  I  have  sought  to 
ike  the  subject  clear  to  a  far  wider  range  of  readers  than  the  class 
or  which  Sir  G.  Airy ^s  treatise  on  'Gravitation'  was  written,  while 
i  not  omitting  any  essential  points  in  the  argument.  In  order  to 
!ombine  independence  of  treatment  with  exactness  and  completeness, 
first  wrote  the  chapter  without  consulting  any  other  work.  Then  I 
ent  through  it  afresh,  carefully  C(tmparing  each  section  with  the  cor- 
esponding  part  of  Sir  G.  Airy's  'Gravitation,'  and  Sir  J.  Herschera 
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chapters  on  the  luoar  motions  in  hU  *  Outlmea  of  Astixmooiy.*  I 
tbua  able  to  correct  any  errors  in  mj  own  work,  while  in  tajn  I  de- 
tected a  few  (mentioned  in  the  notes)  in  the  works  referred  to.  I  hare 
adopted  a  much  more  complete  and  exact  system  of  illostratioii  in 
dealing  with  the  moon's  motions  tbau  either  of  my  predeoefiecvn  in 
the  eocplanation  of  this  subject.  I  attach  great  importance  to  iMs  feat- 
ure of  my  explanation,  experience  having  satisfied  me  not  only  that 
such  matters  should  be  very  freely  illustrated,  but  that  tlie  illiisl»' 
tions  should  aim  at  correctness  of  detail,  and  (wherever  pnuHicaUe)  of 
scale  also.  Some  features,  as  the  advance  of  the  perigee  and  the  veii^i 
ot  the  nodes,  have,  I  believe,  never  before  been  illastrated  at  aU. 

In  Chapter  IH  Mr,  Proctor  gives,  among  other  matters,  a  fuD 
explanation  of  the  effects  due  to  the  strange  balancing  motion  called 
the  lunar  librations.  He  says :  '*  I  have  been  surprised  to  find  hor 
imperfectly  this  interesting  and  important  subject  has  been  dealt  with 
hitherto.  In  fact,  I  have  sought  in  vain  for  any  discussion  of  the 
subject  with  which  to  compare  my  own  results.  I  have,  howev^,  in 
Tarious  ways  sufficiently  tested  these  results," 

But  probably,  to  the  greater  number  of  readers,  the  main  iniereft 
of  the  book  will  be  found  in  the  chapters  relating  to  the  eoadttioa  ef 
the  moon^s  surface — the  mountains,  craters,  bills,  valleys,  whidi  diT«r 
sify  its  strange  varieties  of  brightness,  color,  and  tome,  and  Iheehaii^gtt 
of  appearance  which  are  noted  as  the  illumination  TarieS|  and  ai  lb 
lunar  libratious  change  the  position  of  different  regions.  It  is,  hj* 
the-way,  to  be  noted  that  the  moon,  which  we  regard  as  of  almf 
whiteness,  is  in  reality  more  nearly  black  than  white,  a  fact  whicli  vtU 
recall  to  many  of  our  readers  a  remark  of  Pro£  Tyndall's  in  tte  fii« 
lecture  of  the  course  recently  delivered  here. 

**  The  moon  appears  to  us,"  he  said^  **  as  if 

*  Clothed  in  white  sanait*^  mjstic,  beaiitilul,'  * 

bnt,  were  she  covered  with  the  blackest  velvet,  she  would  sliU  b«i]j "» 
the  heavens  as  a  white  orb,  shining  upon  the  world  Eub^tanliaUj  U 
she  does  now,'* 

Mr.  Proctor  discusses  also  the  phenomena  presented  to  lunariani, 
if  such  there  be.  The  extreme  rarity  of  the  lunar  atmospheri  rai* 
ders  the  idea  of  existence  on  the  moon  rather  strange  to  our  eooeo^ 
tions,  but,  as  Sir  J.  Herschel  has  said  in  a  similar  case,  ^  w«  should  do 
wrong  to  judge  of  the  fitness  or  unfitness  of  the  condttton  of  hnti^ 
nana  ^  from  what  we  see  around  us,  when  perhaps  the  rery  eombrnt- 
lionB  which  convey  to  our  minds  only  images  of  honor  may  he,  in 
reality,  theatres  of  the  most  striking  and  glorious  displays  of  bead>- 
osot  contrivance."  Speaking  of  the  appearances  presented  by  lonif 
landscapes,  two  of  which  we  borrow  from  his  work,  ilr.  ProctwremMb 

*  Wt  qaote  Tjodali    T^opon  wrott^ 
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that "  we  know  far  too  little  respectiag  the  real  detaUa  of  lunar  acenory 
to  form  any  satisfactory  opinion  on  the  subject.    If  a  landscape-painter 
were  invited  to  draw  a  picture  presenting   hia  conceptions  of  the 
pcenery  of  a  region  which  he  had  only  viewed  from  a  distance  of  a  hun- 
dred miles,  he  would  be  nuder  no  greater  difficulties  than  the  astrono- 
^^ner  who  undertakes  to  draw  a  lunar  landscape,  as  it  would  actually 
^kppear  to  any  one  placed  on  the  snrface  of  the  moon.     We  know  cer- 
^^ain  facts — we  know  that  there  arc  striking  forms  of  irregularity,  that 
the  shadows  must  be  much  darker  as  well  during  the  lunar  day  aa 
daring  an  earth-lit  lunar  light,  than  on  our  own  earth  in  sunligbt  or 
moonlight,  and  we  know  that,  whatever  features  of  our  own  land- 
scapes are  certainly  due  to  the  action  of  water  in  river,  rain,  or  flood, 
to  the  action  of  wind  and  weather,  or  to  the  growth  of  forms  of  vege* 
^^ation  with  which  we  are  familiar,  ought  assuredly  not  to  be  shown  in 
^■tny  lunar  landscape.    But  a  multitude  of  details  absolutely  necessary 
^xbr  the  due  presentation  of  hioar  scenery  are  absolutely  unknown  to 
I      us,     Kor  is  it  so  easy  aa  many  imagine  to  draw  a  landscaiie  which 
shall  be  correct  even  as  respects  the  circumstaoces  known  to  us.    For 
'      instance,  though  I  have  seen  many  pictures  called  lunar  landscapes,  T 
have  never  seen  one  in  which  there  have  not  been  features  manifestly 
.      due  to  weatheriug  and  to  the  action  of  running  water.    The  shadows, 
agftin,  are  never  shown  as  they  would  be  actually  seen  if  regions  of  the 
indicated  configuration  were  illuminated  by  a  sun,  but  not  by  a  sky 
of  light.     Again,  al^rial  perspective  is  never  totally  abandoned,  as  it 
ought  to  be  in  any  delineation  of  lunar  scenery.     I  do  not  profess  to 
I      have  done  better  myself  in  the  accompanying  lunar  landscapes.     I 
L^sve,  in  fact,  eared  rather  to  indicate  the  celestial  than  the  lunarian 
^ffeatures  shown  in  these  drawings.     Stilly  I  have  selected  a  class  of 
■     lunar  objects  which  may  be  regarded  as^  on  the  whole,  more  cbarac- 
^^eristic  than  the  mountain-scenery  usually  exhibited.     And,  by  pictu- 
^PBng  the  greater  part  of  the  landscape  as  at  a  considerable  distance,  I 
^!iave  been  freer  to  reproduce  what  the  telescope  actually  reveals.     In 
^^looking  at  one  of  these  views,  the  observer  must  suppose  himself  sta* 
^Bioned  at  the  summit  of  some  very  lofty  peak,  and  that  the  view  shows 
^^nly  a  very  small  portion  of  what  would  really  be  seen  under  such  cir- 
cumstances in  any  particular  direction.     The  portion  of  the  sky  shown 
i      in  either  picture  extends  only  a  few  degrees  from  the  horizon,  as  is 
I      manifest  from  the  dimensions  of  the  earth's  disk ;  and  thus  it  is  shown 
I      that  only  a  few  degrees  of  the  horizon  are  included  in  the  landscape.'* 
Our  author  then  pictures  the  aspect  of  the  lunar  heavens  by  night 
^and  by  day.    We  have  space  but  for  a  few  passages  from  this  descrip- 
^^pon :    *'  To  an  observer  stationed  upon  a  summit  of  the  lunar  Apen- 
^^ines  on  the  evening  of  November  1,  1872,  a  scene  was  presented  un- 
L      like  any  known  to  the  inhabitants  of  eailh*     It  was  near  the  middle 
^bf  the  long  lunar  night.     On  a  sky  of   inky  blackness  stars  iunu- 
^Hierable  were  spread,  among  whicli  the  orbs  forming  our  constella-j 
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tions  could  bo  recognized  hj  tlieir  superior  lustre,  but  yet  were  almost 
lost  amid  myriads  of  stars  unseen  by  the  inbabitauts  of  earth. 
Nearly  oTcrhead  sboue  the  Pleiades,  closely  girt  round  by  hondred^ 
of  lesser  lights.  From  them  toward  Aldebaran  and  the  closteriug 
Hyades,  and  onward  to  the  belted  Orion,  streams  and  convolutions  of 
stars,  interwoven  as  in  fantastic  garlands,  marked  the  presence  of  tbat 
mysterious  branch-like  extension  of  the  Milky- Way  which  the  ob- 
server on  earth  can,  with  unaided  vision,  trace  no  farther  than  the 
winged  foot  of  Perseus.  High  overhead,  and  toward  the  north,  the 
]Milky-Way  shone  resplendeut,  like  a  vast  inclined  arch,  full  *  thick  ia- 
laid  with  patinea  of  bright  goli'  Instead  of  that  faint^  eloud4ike 
gone  known  to  terrestnal  astronomers,  the  galaxy  presented  itself  u 
an  infinitely  complicated  star-region — 

*  With  isles  of  light  and  silvery  st reams, 
And  gloomy  griefs  of  mystic  shade** 

*'  On  all  sides,  thiB  mighty  star-belt  spread  its  outlying  bands  of 
stars,  far  away  on  tho  one  hand  toward  Lyra  and  Bodtes,  where  oa 
earth  we  see  no  traces  of  milky  lustre,  and  on  the  other  toward  tic 
Twins  and  the  clustering  glories  of  Cancer — tho  *dark  constellatioo' 
of  the  ancients,  but  full  of  telescopic  splendors.  Most  marvelloiiSi 
too,  appeared  the  great  dark  gap  which  lies  between  the  Milky- Way 
and  Taunis  ;  here,  in  the  very  heart  of  the  richest  region  of  the  heilT* 
ens — with  Orion  and  the  Hyades  and  Pleiades  blazing  on  one  side,  and 
oa  the  other  the  splendid  stream  laving  the  feet  of  the  Twins— there 
lay  a  deep,  black  gulf  which  seemed  like  an  opening  through  oar  st^u^ 
system  into  starless  depths  beyond. 

Yet,  though  the  sky  was  thus  aglow  with  starlight,  though  stin 
far  fainter  than  the  least  we  see  on  the  clearest  and  darkest  night  were 
shining  in  countless  myriads,  an  orb  was  above  the  horiaton  whoie 
light  would  pale  the  lustre  of  our  brightest  stars.  This  orb  occapttd 
a  space  on  the  heavens  more  than  twelve  times  larger  than  is  oooupidd 
by  the  full  moon  as  we  see  her.  Its  light,  unlike  the  moojx\  WU 
tinted  with  beautiful  and  well-marked  colors,  *  ,  * 

"The  globe  which  thus  adorned  the  lunar  sky,  and  illuminated  the 
lunar  lands  with  a  light  far  exceeding  that  of  the  full  moon,  wa»  oiff 
earth.     The  scene  was  not  unlike  that  shown  to  Satan  when  Uriel — 

*  One  of  the  seven 
Who  In  God*3  presence,  nearest  to  the  throne, 
Stand  ready  at  oommaod  '* — 

pointing  earthward  from  his  station  amid  the  splendor  of  the  «»» 
said  to  the  arch-fiend : 

*  Look  downward  on  that  globe  whose  hither  sidd 
With  light  from  hence,  though  but  reBected,  shines : 
Thnt  place  is  earth,  the  seat  of  man ;  that  U^ht 

I  His  day^  whieh  else^  na  th'  other  hemisphere, 

,  Xight  would  invade/ 
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**In  al!  other  respects  the  scene  presented  to  the  epectator  on  the 

loon  was  similar ;  but,  as  seen  from  the  lunar  Apennines^  the  glorious 

'orb  of  earth  shone  high  in  the  heavens ;  and  the  sun,  source  of  the 

light  then  bathing  her  oceans  and  continents,  lay  far  down  below  tho 

level  of  the  lunar  horiaon.  *  ,  . 

**  Infinitely  more  wonderful,  however,  and  transcending  in  sublimity 
all  that  the  heavens  display  to  the  contemplation  of  the  inhabit  an  ta 
of  earth,  was  the  scene  presented  w^ben  the  sun  himself  had  lisen.  I 
shall  venture  here  to  borrow  some  passages  from  an  essay  entitled  *  A 
Voyage  to  the  Sun/  in  which  a  friend  of  mine  has  described  the  aspect 
of  the  sun  as  seen  from  a  station  outside  that  atmosphere  of  ours 
which  veils  the  chief  glories  of  the  luminary  of  day;  *The  eun*8 
orb  was  more  brilliantly  white  than  w^hen  seen  through  the  air,  but 
close  scrutiny  revealed  a  diminution  of  brilliancy  toward  the  qH^^  of 
ihe  disk,  ivhich,  when  fully  recognized,  presented  him  at  once  as  the 
globe  he  really  is.  On  this  globe  could  be  distinguished  tho  spots 
and  the  bright  streaks  called  facula?.  This  globe  was  surrounded  with 
the  most  amazingly  complex  halo  of  glory.  Close  around  the  bright 
whiteness  of  the  disk,  and  shining  far  more  beautiful  by  contrast wdth 
that  whiteness  than  as  seen  against  the  black  disk  of  the  moon  in 
total  eclipses,  stood  the  colored  region  called  the  chromatosphere,  not 
red^  as  it  appears  during  eclipseB,  but  gleaming  with  a  mijced  lustre 
of  pink  and  green,  through  which,  from  time  to  time,  passed  the  most 
startlingly  brilliant  coruscation  a  of  orange  and  golden  yellow  light. 
Above  this  delicate  circle  of  color  towered  tall  prominences  and  mul- 
titudes of  smaller  ones.  These,  like  the  chromatospherej  were  not  red, 
but  beautifully  variegated.  ,  .  .' 

"Much  more  might  be  said  on  this  inviting  subject,  only  that  the 
requirements  of  space  forbid,  obliging  me  to  remember  that  the 
moon  and  not  the  snn  is  the  subject  of  this  treatise.  Tlie  reader, 
therefore,  roust  picture  to  himself  the  advance  of  the  sun  wnth  his 
splendid  and  complicated  surroundings  toward  the  earth,  suspended 
almost  unchangingly  in  the  heavens,  but  assuming  gradually  the  cres- 
cent form  as  the  sun  drew  slowly  near,  lie  must  imagine  also  how, 
in  the  mean  time,  the  star-sphere  was  slowly  moving  westward,  the 
constellations  of  the  ecliptic  in  orderly  succession  passing  behind  the 
earth  at  a  rate  slightly  exceeding  that  of  the  sun's  approach,  so  that 
he,  like  the  earth,  only  more  slowly,  was  moving  eastward,  so  far  as 
the  star-sphere  was  concerned,  even  while  the  moon's  slow  diurnal  ro- 
tation was  carrying  him  westw  ard  toward  the  earth." 

In  the  last  chapter  the  physical  condition  of  the  moon^s  surface  is 
treated,  and  the  processes  by  w^hich  she  probably  reached  her  present 
condition  are  discussed  at  considerable  length. 
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PEESIDEXT  SmTWS  AI>DRE3S. 

TOE  tweutjr-second  meeting  of  the 
American  Association  for  the  Ad- 
vancement of  Science,  which  com- 
menced at  Portland,  Me.,  Angust  20th, 
was  fairl/  attended  by  the  members, 
and  presented  very  good  results  iu  tbe 
WftjT  of  scientific  woric.  In  estimatbg 
Ita  contribotionB,  we  must  not  over- 
look the  fact  that,  while  the  numbers 
of  those  in  this  ooontrj  who  are  at 
liberty  to  pnrsne  original  InTestigationa 
tiiitramm oiled}  is  not  largCi  on  the  other 
hand  we  have  two  national  associations, 
throagh  which  the  moderate  amonnt  of 
original  research  that  takes  place  is  pub* 
Uflhed  to  the  world.  While  the  Ameri- 
can Association  was  the  only  organiza- 
tion of  national  scope  for  the  publication 
of  now  scientific  results,  its  papers  were 
creditable  both  in  number  and  quality, 
and  it  compared  favorably  with  its  pro- 
totype, the  British  Association  for  the 
Advancement  of  Science.  But,  when, 
a  few  years  ago,  a  considerable  number 
of  its  ablest  members  joined  in  the  or- 
ganization of  the  Kational  Academy 
of  Sciences,  having  substantially  the 
same  object  in  view  as  the  American 
Association,  but  exclusive  in  its  mem- 
bership, aad  under  government  patron- 
age, the  necessary  effect  was  greatly  to 
weaken  the  older  organization.  The 
National  Academy  meets  twice  a  year, 
and  draws  closely  upon  the  original 
work  of  its  associates.  If,  therefore, 
the  numbers  in  attendance  upon  the 
Association  and  the  grade  of  scientific 
contributions  might  seem  to  indicate  a 
decline  in  American  science,  the  cir- 
cumstances hero  referred  to  will  suffi- 
oleotiy  qualify  the  conclusion. 

The  address  of  the  retiring  presi- 
dent, J.  Lawrence  Smith,  while  contain- 


ing many  excellent  suggestions,  was  not 
conformed  to  the  better  type  of  sucli 
productions.    It  is  the  custom  of  tbe 
eminent  scientific  men  who  are  homered 
with  the  office  bat  once  in  their  lirti 
to  devote  the  occasion,  either  to  a  gen- 
eral review  of  r©oent  scientific  work, 
or  to  some  special  unbject  with  whi^b 
they  are  most  familiar,  and  upon  wlucb 
they  can  speak  with  the  force  of  au- 
thority.   J)t.  Smith  has  been  favorsU; 
known  in  the  world  of  science  as  a 
chemist  who  has  made  valuable  coo- 
tribntions  in  its  inorganic  departnumL 
The  great  activity  in  chemical  inqairief 
at  the  present  time,  and  the  impor- 
tant transition  through  which  chenucil 
theory  is  now  passing,  would  certaialj 
have  afforded  the  president  a  most  per- 
tinent and  instructive  theme,  bat  kt 
preferred  to  employ  the  ooca^oii  £d 
considering  certain  aspects  of  sciefiCtf 
that  are  now  prominent  in  public  attitt* 
tion,   and  upon  which  the  scieDtifla 
world  is  in  much  dlsagreemeot.    Tko 
leading  feature  of  the  address  was  aq 
attack  on  the  Darwiniansi   and  tbi* 
portion  of  it  we  publish ;  and,  ti  tHe 
question  is  thus  reopened  officially,  II 
becomes  a  proper  subject  of  ootntxuai 
The  predeoessor  of  President  :?milh« 
Dr.  Asa  Gray,  of  Harvard  CoUege,  haJ 
followed  the  better  usage  of  ppf«i4' 
iDg  officers  in  bis  address  at  P  :^ 
last  year,  and  discussed  some 
larger  problems  of  botany  in  ti 
of  the  derivation  theory,    Thv 
eminent  of  American  botanists,  an  old 
and  untiring  stadcnt  of  the  subject,  1 
man  of  philosophio  grasp,  and  with  s 
candor  and  sincerity  of  coDvictioa  thit 
commanded  the  highest  respect,  iftir 
long  and  thorough  study  of  tho  que»* 
tion.  Prof.  Gray  did   not  hesiUt*  1*> 
give  tbe  weight  of  his  authority  to  thit 
view  of  the  origin  and  dlversitiiM  vi 
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liyiDg  forms  of  which  Mr.  Darwin  la 
now  the  leading  representative.  And 
although  in  the  field  of  biology  large 
nnmbers  of  ita  most  eminent  studentSi 
who  are  of  aH  men  most  competent  to 
decide  npon  it,  have  accepted  that  doc- 
trine aa  representing  the  tmth  of  Ka* 
tore  more  perfectly  than  an/  other,  and 
ts  of  imraenae  yalno  in  their  researches 
into  the  laiirs  of  life,  yet  Dr.  Smith,  as 
our  readers  will  see,  dcnonnces  it  as  a 
ground] eis  hypothesis  due  to  a  riotous 
imagination,  and,  in  the  language  of 
Agaii8i2)  a  ^*  mere  mire  of  assertions^' 
His  declarations  hare  called  forth  the 
applause  of  the  press — always  so  can- 
did, and  intelligent^  and  independent, 
on  such  matters — who  seize  tlie  occa- 
sion to  preach  new  sermons  on  the  *'  va- 
garies of  science,"  and  declare  that  they 
*^take  sides  with  the  angels  against  the 
monkeys,"  and  are  *^  with  the  Creator 
against  Darwin/* 

The  course  of  the  president  was 
not    com  mended    even    by    his    own 
party.      Dn   Newberry,  an   eminent 
atudent  of  biology  and  geology,  is  re- 
ported as  having  spoken  in  the  follow- 
k^  decided  way:   **Prof.  Newberry, 
^Rer  a  handsome  alluEiun  to  the  re- 
tiring  president,    Prof.  J.    Lawrence 
Smith,  protested  against  the  opposition 
to   the   development   theory  as    ex- 

Knded  in  that  gentleman^'a  addreis, 
f.  Newberry  said  ho  was  not  him- 
self a  Darwinian^  hut  he  recognized 
the  value  of  the  evolution  theory  in 
science*  Yon  cannot  measure  its  valne 
aa  yon  can  the  work  of  an  astronomer, 
meainred  by  definite  ratios  of  space 
and  time;  but  he  considered  the  hy- 
pothesis one  of  the  most  important  con- 
trihiitions  ever  made  to  a  knowledge 
of  Nature,  Most  men  and  women  are 
partisans,  and  some  are  willing  to  sap- 
pafl6  that  the  hypothefiis  is  snfQcient  to 
aeeonnt  for  all  tho  phenomena  of  the 
animal  kingdom,  while,  on  the  other 
hand,  there  are  those  who  see  in  it 
nothing  bnt  failure  and  deficiency.  Let 
ua  aseume  a  judicial  position,  and  al- 


low the  tests  of  time  and  tmth  to  settle 
the  questions  involved.  Go,  however, 
in  whatever  direction  the  facts  may  lead, 
and  throw  prejudice  to  the  windsi,  Bec- 
oUect  that  all  truth  is  consistent  with 
itself." 

Dr.  Smith  can  hardly  be  said  to 
have  argued  tho  queetioD  of  Darwinism, 
lie  gave  us  his  own  opinion  of  it,  and 
quoted,  to  sustain  it,  two  di^tinguiished 
authorities  in  natural  history.  But  ha 
gave  the  influence  of  his  name  and  po-l 
sition  to  the  charge  that  it  transcends 
the  legitimate  limits  of  inductive  in- 
quiry, and  is  only  a  wild  and  absurd 
speculation.  "While  the  technical  and., 
difficult  questions  of  natural  history  by' 
which  the  truth  or  falsity  of  the  doc- 
trine must  be  determined  are  beyond 
the  reach  of  nn  scientific  read  era,  and 
belong  to  the  biologists  to  decide,  tlie 
qn cation  here  raised  as  to  whether 
the  investigation,  as  conducted,  is  lo« 
gitinmtely  scientific  or  not^  b  one  of  1 
which  all  intelligent  persons  ought  to 
be  capable  of  forming  a  judgment 
We  have  repeatedly  considered  this 
point  in  the  pages  of  The  Pop^iab  Sci- 
KNOE  HosTHLT,  and  have  endeavored 
to  show  that  the  present  attitude  of 
the  doctrine  of  evolution  is  precisely 
the  attitude  which  all  the  great  eft-j 
lablished  theories  and  laws  of  seieno 
had  to  tflke  at  their  first  promulgation. 
It  is  familiar  to  all  who  know  any  tiling 
of  the  progress  of  science,  that  astrono- 
my and  geology,  in  their  early  stages, 
passed  throagh  precisely  the  same  or- 
deal that  biology  is  passing  through 
now ;  their  leading  doctrines  were  rep- 
robated as  false  science,  and  the  wild 
dreams  of  distempered  imaginations. 
Let  us  now  take  another  case,  in  the 
department  of  pore  physics,  and  see 
how  scientific  history  repeats  itself: 

The  nndulatory  theory  of  light  !b 
now  a  firmly  established  principle  in 
physics.  Dr,  Smith  says  that  **the 
failure  to  explain  one  single  well-ob- 
served fact  is  sulfiticnt  to  cast  donbt 
upon,  or  Bubvertj  any  pure  hypothesis," 
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ftnd,  he  adds,  in  refereuoe  to  the  tmda- 
latory  theory,  that,  "  op  to  the  present 
time,  it  eervea  in  all  coses.^*  In  order 
that  this  theory,  now  so  perfect,  should 
be  fttlopted,  it  had,  of  course,  to  be  first 
propounded.  The  concepUon  of  an 
ethereal  medium  to  explain  the  phe- 
nomena of  light  was  BQggeated  by  Huy* 
gbens  and  Euler,  but  they  did  not  ex- 
perimentajly  demonstrate  it,  and  their 
Authority  was  overborne  by  that  of 
Newton, who  maintained  the  emission  or 
corpuscular  theory.  The  true  founder 
of  the  undulfttory  hypothesis  of  light 
was  Dr,  Thomas  Young,  Professor  of 
Natural  Philosophy  in  the  Royal  Insti- 
tutioQ  of  Great  Britain,  and  whom 
Prof-  TyudaU  regards  as  the  greatest 
physicist  who  has  appeared  since  New- 
ton. Dr.  Young  is  thus  estimated  by 
the  German  Helmholtz ;  **  His  was  one 
of  the  most  profound  minds  that  Ihe 
world  has  ever  seen ;  but  he  had  the 
misfortune  to  be  in  adrance  of  his  age. 
lie  excited  the  wonder  of  his  contem- 
poraries, who,  however,  were  unable 
to  follow  him  to  the  heights  at  which 
his  daring  intellect  was  aecaetoraed  to 
soar.  His  most  important  ideas  lay, 
therefore,  buried  and  forgotten  in  the 
folios  of  the  Royal  Society,  until  a  new 
generation  gradually  and  painfully 
mode  the  same  discoveries,  ftnd  proved 
the  exactness  of  his  assertions,  and  the 
truth  of  his  demonstrations," 

Now,  in  this  case,  there  was  no 
monkey  in  the  question,  and  no  capital 
of  public  prejudice  that  could  be  made 
available  in  the  discussion,  to  repress 
obnoxious  opinions.  The  hypothesis 
was  certainly  innocent  enough,  and  its 
truth  or  falsehood  was  a  matter  of  sim- 
ple determination  by  experiment.  Dr. 
Young  made  the  experiments  which  es- 
tablished it — the  Royal  Society  recog- 
nized the  value  of  the  experiments, 
and,  in  1801,  assi^'ued  to  their  author 
the  distinguished  honor  of  delivering 
the  Bakerian  lecture,  in  which  his  ex- 
periments were  described,  and  their  con- 
olnsiona  d  era  oust  rated.  Yet,  with  the 
Boyal  Society  to  hack  him,  and  with 


his  views  capable  of  proof  before  sE 
men,  Dr.  Yonng  was  crushed,  and  tluit 
by  outside  influences  appealing  to  the 
public,  on  the  ground  that  his  hypothe- 
sis was  spurious  science— mere  wildtb- 
surdity  of  the  imagination^ 

We  ask  attention  to  the  similarity  of 
the  present  ground  of  attack  iipo&  Dll^ 
win,  and  the  ground  of  attack  upon  Dt« 
Yonng  three-quarters  of  a  century  ago, 
Dr»  Smith  prefaces  his  strictures  npca 
Darwinism  with  the  following  declara- 
tion :  **It  is  a  very  common  attempt 
nowadays  for  scientists  to  transcend  tbe 
limits  of  their  legitimate  stndlea,  and, 
in  doing  this,  they  run  into  speculstioiu 
apparently  the  most  nnphilosophicil, 
wild,  and  absurd;  quitting  the  trtie 
basis  of  inductive  philosophy,  and 
building  np  the  most  cnrious  theoriei 
on  little  else  than  assertion." 

Henry  Brougham,  afterward  Lord* 
Chancellor  of  England,  writing  in  the 
second  number  of  the  Edinburgh  Mt* 
tiete  concerning  Young^s  Bakerian  lect* 
ure,  said:  **We  have  of  late  obserred 
in  the  physical  world  a  most  ima^ 
countable  predilection  for  vague  hy- 
potheses daily  gaining  groxind ;  and  we 
are  mortified  to  see  that  the  Royal  So- 
ciety, forgetful  of  those  improvementa 
in  science  to  which  it  owes  its  origia, 
and  neglecting  the  precepts  of  Its  most 
illustrious  members,  is  now,  by  the  pub- 
lication of  such  papers,  giving  the 
countenance  of  its  highest  authority  to 
dangerous  relaxations  in  the  principle 
of  physical  logic*  TTe  wish  to  raise 
our  feeble  voice  against  innovation! 
that  can  have  no  other  effect  than  to 
check  the  progress  of  science,  and  W- 
now  all  those  wild  phantoms  of  the 
imagination  which  Bacon  and  Newtoo 
put  to  flight  from  her  temples  *  .  • 
Has  the  Royal  Society  degraded  ita 
publications  into  bulletins  of  new  and 
fashionable  theories  for  the  ladiee  of 
the  Royal  Institution?  Ptohpud4frf^ 
Let  the  professor  continue  to  amuse  his 
andience  with   an  end] ess  variety  of 
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such  harmless  trifles,  but,  la  tlie  name 
of  science,  let  them  not  find  admittance 
into  tLat  venerable  repository  wbicli 
eontidna  the  works  of  Newton  and 
Bojie*  ,  *  ,  The  making  of  an  hj- 
potliesis  is  not  the  diiMSOvery  of  a  truth. 
It  is  a  mere  sporting  with  the  subject ; 
it  is  6  sham-fight  which  may  amase  in 
the  moment  of  idleness  and  relaxation, 
but  will  neither  gaia  yictories  over  pre- 
judice and  error,  nor  extend  the  em- 
pire of  science.  A  mere  theory  is  in 
truth  destitute  of  merit  of  every  kind, 
^Keept  that  of  a  warm  and  misguided 
■nagination,*'  Br,  Yonng^s  theory 
Hteaches  no  truth,  reooneiles  no  con- 
BadlctioDB,  arranges  no  anomalous 
facts^  suggests  no  new  experimenta, 
and  leads  to  no  new  inquiries.  It  has 
not  even  the  pitiful  merit  of  affording 
an  agreeable  play  to  the  fancy.  It  is 
infinitely  more  useless,  and  lesa  ingen- 
ioua,  than  the  ludian  theory  of  the 
elephant  and  tortoise.  It  may  be 
ranked  in  the  same  class  with  that 
fitapid  invention  of  metaphysical  the^ 
ology,  .  •  .  We  cannot  conclude  our 
review  of  these  articles  without  en- 
treating for  a  moment  the  attention 
of  that  illustrious  body  which  has  ad- 
mitted of  late  years  ao  many  paltry 
and  unsubstantial  papers  into  its  trans- 
actions. .  *  .  We  implore  the  coun- 
cil, if  they  will  deign  to  cast  their 
eyes  upon  our  humble  page,  to  prevent 
a  degradation  of  the  iustitution  which 
has  so  long  held  the  first  rank  among 
icientific  bodies.** 

For  the  second  time  Dr.  Young  was 
selected  by  the  Royal  Society  to  give 
the  Bakerian  lecture,  and  he  again 
chose  for  its  subject  **  Experiments  and 
Calculations  relative  to  Phyj-lcal  Op- 
tics,'* and  again  the  Edinburgh  Ertitw 
camo  down  upon  him  as  follows ;  **  Tlie 
paper  which  stands  first  is  another  Ba- 
kerian lecture^  containing  more  fan- 
cies, more  blunders,  more  unfounded 
hypotheses,  more  gratuitous  fictions, 
all  upon  the  same  field  on  which  New- 
OD  trode,  and  all  from  the  fertile  yet 


fruitless  brain  of  the  same  eternal  Dr. 
Young."  The  reviewer  thus  winds  up 
the  controversy ;  "  We  now  dismiss,  for 
tlio  present,  the  feeble  lucubrations  of 
this  author,  in  which  we  have  searched 
without  success  for  some  traces  of 
learning,  acute ness,  and  ingenuity,  that 
might  compensate  his  evident  defi- 
ciency in  the  powers  of  solid  thinking, 
calm  and  patient  investigation,  and 
successful  development  of  the  laws  of 
Ifature,  by  steady  and  modost  observa- 
tion of  her  operations.  Wo  came  to 
the  examination  with  no  other  preju- 
dice than  the  very  allowable  prepos- 
session against  vague  hypothesis,  by 
which  all  true  lovers  of  science  have 
for  above  a  century  and  a  half  been 
swayed.  Wo  pursued  it,  both  on  tlie 
present  and  on  a  former  occasion,  with- 
out any  feelings  except  those  of  regret 
at  the  abuse  of  that  time  and  oj>por- 
tunity  which  no  greater  share  of  tal- 
ents than  Dr,  Young's  are  sufficient  to 
render  fruitful  by  mere  diUgenee  and 
moderation.  Prom  ua,  however,  he 
cannot  claim  any  portion  of  respect, 
until  he  shall  alter  his  mode  of  pro- 
cceding,  or  change  the  subject  of  his 
lucubrations;  and  we  feel  ourselves 
more  particularly  called  upon  to  ex- 
press our  disapprobation,  because,  as 
distinction  has  been  unwarily  bestowed 
on  his  labors  by  the  most  illustrious 
of  scientific  bodies,  it  is  the  more  ne- 
cessary that  a  free  protest  should  be 
recorded  before  the  more  humble  tri- 
bunals of  literature.** 

The  reader  will  perceive  that  thiaJ 
strain  is  not  unfamiliar.    Y'onng  was* 
denounced    as    Darwin    is    now    de- 
nounced, professedly  in    the   interest . 
of  science;    but  ti^o  pretext  was 
false  then  as  it  is  now.    In  the  former*^ 
case  the  animut  of  the  assault  was 
mere  personal  spite :  Brougham*8  in-  < 
ordinate  vanity  having  been  wounded^ 
by  some  very  moderate  criticisms  of 
Dr.    Young   upon    his    mathematical 
works.    Btit  a  man  who  did  not  un- 
derstftnd  the  subject,  appealing  to  a 
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tribimal  whicli  knew  nothing  about  it, 
against  wild  Bpeculations  degrading  to 
scienoe^  was  able  to  depreciate  and 
suppress  for  a  quarter  of  a  century  one 
of  the  most  solid  and  perfect  tbeories 
of  natnral  pbenomena  that  modern  re- 
search has  produced.  And,  strange  as 
it  may  aeera,  the  work  was  effectually 
done;  for,  although  Young  mado  a 
masterly  reply,  but  a  single  copy  was 
sold,  and,  aa  Tyndall  remarks,  **for 
twenty  years  this  roan  of  genius  was 
quenched — hidden  from  the  apprecia- 
ti\re  intellect  of  his  countrymen  — 
deemed,  in  fact,  a  dreamer  through 
the  vigorous  sarcasm  of  a  writer  who 
had  then  possession  of  the  public  ear." 
H«ippily,  the  time  is  past  when  the 
investigators  of  Nature  can  be  thus 
crushed  out ;  but  still  the  old  tactics 
are  imitated,  and  not  without  evil 
effect  for  the  time.  The  men  of  sci- 
ence, to  whom  the  question  belongs, 
are  not  left  to  pursue  it  in  peace.  The 
press  and  the  pulpit,  with  such  scientific 
help  as  it  is  not  difficult  to  get^  stir  up 
each  a  clamor  of  popular  opprobrium 
that  biological  students  who  hold  to 
evolution  as  the  fact  and  law  of  Na- 
ture, and  guide  their  researches  by 
its  light,  do  not  choose  to  have  it  pub- 
licly known  that  they  are  adherents 
of  the  doctrine.  We  are  behind  Eng- 
land in  fair  and  tolerant  treatment 
of  the  Darwinian  question,  but  may 
expect  the  same  improvement  in  this 
respect  that  Huxley  tella  us  has  taken 
place  with  the  English «  In  a  recent 
article  ho  remarks :  **The  gradual  lapse 
of  time  has  now  separated  us  by  more 
than  a  decade  from  the  date  of  the  pab- 
lication  of  the  'Origin  of  Species ; '  and 
whatever  may  be  thought  or  said  about 
Mr,  Darwin's  doctrines,  or  the  manner 
in  which  he  luas  propounded  them,  this 
much  is  certain,  that,  in  a  dozen  yearSj 
the  *  Origin  of  Species^  has  worked  aa 
complete  a  revolution  in  biological  sci* 
enc©  as  the  *Principia'  did  in  astrono- 
my — ^and  it  has  done  fto,  because,  in 
the  words  of  Helmholtz,  it  contains 


*  an  essentlfllly  new  creative  thoogbt" 
And,  as  dme  has  slipped  by,  a  happy 
change  haa  come  over  Mr.  Barwio'i 
critics.  The  mixture  of  ignorance  ud 
insolence  which,  at  first,  charactertz^I 
a  large  proportion  of  the  attacks  with 
which  he  was  assailed,  ia  no  longer  tie 
sad  distinction  of  anti'Darwinlan  ciitl- 
cism.  Instead  of  abusive  nonseo^ 
which  merely  discredited  its  writ^rsi 
we  read  essays,  which  ore,  at  worst, 
more  or  less  intelligent  and  appr>ac}A- 
tive ;  while^  sometimes,  like  that  whicit 
appeared  in  the  North  BritUh  Bmwt 
for  1867f  they  have  a  real  and  perm^ 
nent  value.'* 


TffE  EDUCATJOXAL  COXVSSTtOS  AX 
MIMIRA. 

Tub  national  educational  assod^ 
tion  recently  held  at  Elmira,  K.  Y^ 
was  of  nnnsnal  interest,  and  emoed  i 
marked  progress  in  the  public  metktd 
of  dealing  with  educational  subjeetf^ 
We  have  for  some  years  refrained  from 
attendance  upon  teachers^  conventioa% 
having  been  wearied  with  the  narrow 
technical  range  and  pedantic  pettlnesi 
of  the  discussions.  But  the  recent 
meeting  showed  that  educators  are  be- 
ginning to  outgrow  their  old  profss- 
sional  limitations,  and  to  consider  ^e 
various  questions  that  come  before  them 
in  the  light  of  broad  principles^  and  i& 
the  spirit  of  radical  and  rational  im* 
provement.  Many  men  of  ability,  presi- 
dents of  leading  colleges,  eminent  pro- 
fessors, principals  of  high-scbcK>ls,  and 
State  and  city  superintendents,  were 
present,  contributing  valuable  papers^ 
and  giving  strength  and  character  to 
the  debates  which  followed  them. 

President  McCosh  delivered  an  \ 
address  on  the  higher  education, 
maintained  that  the  natiana]  Gover^ 
ment  should  not  give  the  balance  of  its 
lands  to  the  agricultural  collegesi,  nor 
yet  to  other  collegiate  Instkuttons,  but 
should  appropriate  them  for  the  boiefit 
of  high'Schools  and  academies  throQg^- 


EDITOR'S   TABLE, 


767 


out  the  country.     Dr.  McCoah  thus 
stated  his  miuii  positiou : 

"  I  don't  pro>po&e  thut  way  portion  of  thin 
$90,000,000  ibofdd  b«  gWeu  to  college*.  Wo 
cannot  aid  all,  and  to  ftekct  a  few  would  be 
iiljojioui.  In  regard  to  elementary  educn^ 
tion,  the  Northern,  tho  Middle,  and  the 
Wefttcm  States,  are  ablo  and  willing  to  do 
their  duty.  I  venturo  to  propose  that  in 
tbeAo  the  unappropriatod  Lwda  bo  di:V0t<2d 
to  the  encouragetnetit  of  secondary  scboole. 
Let  each  Stato  obtain  its  share ^  and  tbo 
money  handed  ovor  to  it  under  ocrtain  rigid 
rales  and  restrictiuns  to  prevent  tbo  abuse 
of  the  public  money.  In  particular,  to  &o- 
cure  that  upper  achoola  bo  endowed  only 
where  needed,  I  enggest  that  money  bo  rIIo- 
nted  only  when  a  dijitrict,  or,  it  may  be,  a 
combination  of  two  or  more  districta,  baa 
raued  a  certain  portion,  say  one^balf,  of  the 
neoeaaary  funds,  Bt  this  means  the  money 
may  be  made  to  atimulato  the  erection 
of  high-schools  all  over  America.  Thii?Ae 
scho<>ls  would  aid  eollegea  far  more  power- 
fully than  a  direct  grant  to  them,  aa,  in  faot^ 
the  grand  diffiimlty  which  collegea  haTO  to 
contend  against  anaea  from  there  b«ing  ao 
few  scboola  fitted  to  prepare  young  men  for 
Ihcm  with  their  riaing  standard  of  ejcoellenc*. 
But  I  plead  for  theaa  aohoola,  not  merely  os 
a  means  of  feeding  eollegea,  but  as  compe- 
tent to  give  a  high  education  in  varied 
braochea,  literary  and  acicntiflo,  to  a  far 
gpreater  number  who  do  not  go  on  to  any  thing 
hij|:her.  These  sehoola,  I  die  the  elf^mcntary 
aohoola;  abould  bo  open  to  all  children,  of 
the  poor  as  weli  aa  Iho  rich.  They  should 
bo  act  up,  like  tho  German  gymnasium,  in 
convenient  localities,  so  that  all  the  popula- 
tion may  have  aoccsB  to  them.  They  should 
embraee  every  useful  branch  suited  to  young 
men  and  women  under  sixteen  and  eighteen 
yean  of  age— Englinb  composition,  English 
Ungoage,  history,  cloasics,  modem  language, 
and  elementary  science.  The  best  scholars 
in  oar  primary  schoola  would  bo  drafted  up 
to  these  higher  sehooli,  and  thua  the  young 
talent  of  the  country  would  be  turned  to 
good  account,  whilo  the  teachera  in  the  com- 
mon scboola  would  be  encouraged  by  seeing 
their  beat  pnpila  advance.^'      % 

The  diBCUssian  thftt  followed  this 
■peech  brought  out  difficulties  which 
tho  doctor  had  not  considered,  imd,  in 
fact,  opened  the  way  to  the  moet  vital 
probk'm  r>f  American  edueatiou.  The 
— ooUeges  of  the  country  represent  the 


old  iKjholastic  culture  which  took  its 
fihupc  at  a  period  when  popular  educa- 
tion was  cot  thought  of,  nud  culture 
was  couHued  to  the  professiouol  claBses. 
These  inetitutions  are  not  holding  their 
own  at  the  present  tiiue.  TLeii"  stu- 
dents are  falling  off,  for  the  reason  tin 
there  ia  a  decline  in  the  academies  by 
which  the  colleges  are  fed ;  that  is,  aa 
Dr.  McCosh  says,  "  the  grand  difficulty 
wliich  collegea  have  to  contend  againgt 
arisea  from  there  being  eo  few  schools 
fitted  to  prepare  young  men  for  them." 
But  the  cause  of  the  decline  of  the 
academies  is  the  rivalry  of  the  newly- 
insiltuted  high-sehoola,  and  these  are 
the  outgrowth  and  now  an  essential 
part  of  the  common  -  school  system. 
The  modem  idea  of  universal  educa- 
tion has  hecome  organized  in  such  a 
way  as  to  antagonize  the  old  college 
system.  The  cornuion  schools  are  not 
constructed  upon  the  scholastic  pattern ; 
they  aim  to  give  to  all  a  useful  practical 
edocatiou,  that  shall  bo  available  in 
the  common  work  of  lite.  It  was 
found  that  they  did  not  go  far  enough 
in  this  direction  for  the  wonts  of  many, 
and  so  high-schools  were  organized  in 
which  the  pupils  of  tho  common  schools 
might  graduate  into  the  working  world 
with  a  better  preparation  thnn  the 
lower  schools  can  famish.  It  was  stated 
in  the  discussion  that  but  one  in  fif- 
teen htmdred  of  the  population  passea 
through  college,  while  it  is  left  for 
the  common  and  high  schools  to  edu- 
cate the  rest  of  tlie  people.  As  the 
old  academies  disappear,  therefore^ 
the  colleges  seek  to  get  control  of 
the  hfgh'scliools,  to  be  used  as  feeders 
for  themselves :  and  this,  of  course,  ne- 
cessitates a  high-school  curriculum  fit- 
ted to  prepare  young  men  for  college*j 
This  is  the  point  at  which  the  two  syi 
tems  are  unconformable,  and  is  to  he^ 
the  point  of  conflict  in  the  future. 
What  shall  be  the  course  of  study  in 
the  hlgh'Schools?  Shall  it  be  a  sequel 
to  the  common  schools,  or  a  prelude  to 
the  colleges,  for  these  arc    different 
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thmgaf  AlreaJ/  m  some  of  tbem  we 
lia?e  two  distinct  aystetns  of  edacation. 
A  prmcipal  of  one  of  tliese  iu»titiitloD9 
in  the  West  said  to  the  writer :  "  We 
&re  working  under  tho  disadvantages 
of  a  double  cnrrionlam.  Wo  have  a 
flcLeme  of  studies,  scientific  and  practi- 
cal, drawn  with  reference  to  the  larger 
number  of  our  pupils  who  come  from 
the  common  aohools,  and  who  close  their 
studies  with  us.  We  take  them  tliroagh 
an  English  course,  with  mathematics, 
book-keeping,  political  economy,  phys- 
ics, chemistry,  botany,  and  physiology. 
And  we  have  also  a  classic^  course  for 
a  small  nnmber  of  students  who  are 
preparing  for  college.  But  the  exac- 
tions of  Latin  and  Greek  are  so  groat 
upon  those  that  they  get  hardly  a  Bin  at* 
tering  of  the  eubjects  pursued  by  the 
other  students*"  The  tactics  of  Dr. 
McOoah  were  admirable.  To  keep  the 
proceeds  of  the  public  lands  from  going 
to  the  agricultural  colleges  and  scien- 
tific institutiona,  he  ia  willing  to  resign 
all  claim  upon  them  for  the  benefit  of 
the  classical  colleges ;  at  the  same  time, 
if  the  money  is  expended  for  the  ex- 
tension of  high-schoolSj  as  the  doctor 
says,  **  these  schools  would  aid  colleges 
far  more  powerfully  than  a  direct  grant 
to  them,"  Yet,  as  long  as  the  two  sys- 
tems of  education  remain  so  diverse  that 
the  regular  high-school  gradaatiou  is 
not  accepted  as  preparation  for  college, 
there  will  be  conflict  for  the  control  of 
these  establishments.  Only  as  the  col- 
lege curriculum  becomea  more  broad, 
modern,  and  scientific,  and  the  classica] 
studies  are  restricted  to  the  special 
classes  who  have  need  of  them,  can 
American  edacation  become  harmon- 
ized in  its  elements  and  unified  in  its 
system. 


Thje  report  of  President  Eliot,  of 
Harvard,  on  a  national  university,  was 
a  strong  document.  We  publish  the 
laat  portion  of  it,  which  deals  with  the 
main  question,  and  ask  attention  to  the 


high  grounds  on  which  he  basos  bis  d^ 
mand  for  the  non-interference  of  gov^ 
emment  with  the  system  of  higher  edu- 
cation.    His   paper  started  a  warm 
debate  on  the   broad  and  important 
question  of  the  proper  relations  of  gov- 
ernment to  the  work  of  inatructioo, 
and,  of  course,  his  views  met  with 
vigorous  opposition.  It  was  maintained 
that  there  is  no  break  in  tbe  logic  bj 
which  government  action  la  prcacribed; 
and  that,  admitting  the  propriety  of 
state  action  in  primary  education,  therfl 
is  no  halting'place  until  the  gcrem- 
ment  takes  charge  of  the  entire  aohool 
machinery  of  tbe  country.    And  soch 
is  the  OYershadowing  infiuenee  of  poli- 
tics, and  so  profound  the  superstition 
regarding   government    omnipotence^ 
that  this  view  found  its  urgent  advo- 
cates, who  seem  blind  to  tlie  coaM- 
quences  that  are  certain  to  follow  mhm 
the  people  shirk  the  rei(pof      "I    -  of 
attending  directly  to  the  i.  .  i 

the  young,  and  shoulder  it  ofi*  upon  % 
mass  of  politiciaus  holding  the  offictt 
of  government.  The  fk'iends  of  atitl 
education  certainly  pressed  tht^ir  o»e 
to  its  extreme  conclusions*  Govern* 
ment  contributes  money  to  suppofi 
common  schools,  and  appoints  offlcan 
to  regulate  them;  therefore  let  it 
appropriate  $20,000,000  to  eeUblisb 
a  national  university  at  Washtogtofl, 
with  $1,000,000  a  year  to  bo  diridsd 
among  the  congressiona]  appointee^ 
who  will  hold  the  professorshlpa.  Pr. 
McOosh  suggested  that  recent  oongn#* 
slonal  experiences  were  hardly  ctlco* 
lated  to  inspire  confidence  in  the  aokiaii 
of  that  body,  and  asked  what  gusranttfl 
we  should  have  against  a  nnivewily 
ring  and  systematic  educational  job* 
hing;  and  it  was  objected  by  otben 
that  the  class  of  men  who  congrefila 
in  the  capital,  and  tbe  whole  spirt!  of 
the  place,  would  make  it  more  luiit 
than  any  other  in  the  country  for  stt^ 
an  institution.  Prof,  Richards,  of 
Washington,  came  to  the  rescue  of  tte 
reputation  of  his  town,  and  asked,  m- 
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ioall J,  **  Where  do  its  knavea  and 
macals  cotce  ft-ora?  We  do  not  make 
them;  yoa  send  them  to  ua  from  all 
parts  of  the  Qation."  But  the  argu- 
ment was  not  helped  bj  the  retort,  for 
it  is  quite  immaterial  whether  Wash- 
ington  breeds  its  scoundrels  or  imports 
them.  K  our  repablican  system  is  one 
that  Biftfl  ont  its  most  venal  and  nn- 
scrupulouB  in tri goers  and  sharpers,  and 
gathers  them  into  one  place,  it  is  ques- 
tiouahle  whether  that  place  had  better 
not  be  avoided  m  the  seat  of  a  great 
model  university— especially  if  said  in- 
trigners  and  sharpers  are  to  have  the 
management  of  it. 


SLMCnVM  STUBISS  AT  MAMVAUD. 

If  an  instructive  article  upon  thia 
subject,  tlie  Hatiotv  says ;  **  There  was 
a  vagne  but  very  general  impression, 
m  few  years  ago,  that,  if  the  elective 
ajstem  were  introduced  into  the  older 
American  colleges,  the  practical  sci- 
ences,  as  they  are  called,    especially 
phy^sics,   chemistry,   and    natural   his- 
tory, would  crowd  out  the  study  of 
the  ancient  languages.    There  was  also 
a  Ifeeling  that  the  obvioos  utility  of  the 
modem  languages,  and  particularly  of 
French  and  of  German,  would  help  to 
throw  the  **dead  languages "  into  the 
background.    A  great  many  enthusiasts 
fancied  that  the  good  time  a-comiug 
was  at  hand,  when  books  would  be 
thrown  aside,  and  all  intellectual  ac- 
tivity wouH  bo  narrowed  down  to  the 
study  of  pbysic^al  Nature ;  and  ao  much 
noise  has  been  made  about  the  natural 
sciences  that  a  great  many  people  un- 
doubtedly think  this  is  ihe  principal  if 
not  the  only  subject  taught  where  an 
elective  system  prevails," 

To  submit  this  matter  to  a  test,  and 
**  aac'^rtain  what  it  is  that  the  mass  of 
students  feel  the  need  of  most  and  flock 
to  most  when  the  choice  is  left  entirely 
to  themselves/*  the  Natirni  overhauls 
the  university  catalogue  of  Harvard 
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for  1879-7B,  and  pre&enta  the  statistics 
which  hear  upon  the  subject.  The 
**  elections ''  of  subjects  of  study  or 
choices  of  the  students  are  shown  In  a 
succession  of  tables,  the  last  of  whit'h 
divides  the  college  studies  into  "dis- 
ciplinary'* and  **  practical,"  and  ex- 
hibits the  results  as  follows  i 

DiiiC[Fi.arAmT  ■Ttn>Di9. 

Andeot  Iftnguigc*      ....  100 

Hlftory 8t 

MfttlusmAtifls         ....       *  SI 

PhUijAophf 15 

PoUtkal  «d«aco H 

186 

McHlcrti  Lmguftge*       »        ...      80 
Physics  ftod  chemlAtry  .       .         S7 

N&tianl  iLbtoiy    .....      28 

^^By  thia  arrangement  the  disci- 
plinary  studies  preponderate  over  the 
practical  in  the  ratio  of  185:145  or 
100:  7B.** 

Upon  this  the  Nation  proceeds  to 
remark:  "  The  figures  show  conclusive- 
ly that,  in  spite  of  the  era  and©  which 
has  been  carried  on  against  the  ancient 
languages,  they  are  still  full  of  vitality, 
still  a  power,  still  a  popular  study,  and, 
in  fact,  the  greatest  interest  In  the 
little  college  world.  As  our  inquiry  is 
purelj^  numerical  and  statistical^  we  «1o 
not  ask  "why  the  students  make  the 
selections  they  do.  Doubtless,  the 
reasons  are  not  very  obvious ;  still,  one 
fact  is  plain,  that  they  are  not  guided 
wholly  by  utilitarian  views," 

NoWj  if  the  Nation  had  looked  a 
little  into  the  **why"  of  this  matter, 
we  are  sure  it  would  have  found  the 
reasons  for  this  state  of  things  obvious 
enough f  and,  although  it  might  have 
somewhat  qualified  its  oonolusion,  it 
would  have  made  the  statement  more 
valuable.  The  number  of  votes  cast 
at  an  election  is  usutdly  an  expression 
of  public  opinion,  but,  if  in  any  case 
there  happen  to  have  been  military 
interference  and  dictation,  the  nnmeri- 
cftl  report  of  ballots  east,  if  taken  alone, 
would  be  misleading.   We  are  told  that 
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the  working  of  the  option  system  at  liar- 
rard  ttfffjr<k  an  indicatioa  of  the  prefer- 
ences and  tendencies  of  the  stndeutd  in 
regard  to  the  studies  they  iacline  to  pur- 
sue ;  but  is  not  entrance  to  Harvard  a 
part  of  its  policy,  and  what  about  the 
option  tJiere  f  Is  there  not  at  the  door 
of  the  university  a  big  winnowiug- 
machine  which  delivers  the  **  discipli- 
nary "  studies  as  acceptable  wheat,  and 
blows  the  *^  utilitarian  **  studies  to  the 
winds  aa  the  veriest  chaff?  All  the 
preparation  exacted  of  students  for 
entrance  to  college  is  in  the  "  discipli- 
nary -^  studies,  and  mainly  in  the  Latin 
and  Greek  languages.  Besides  being 
incessantly  told  in  the  preparatory 
schools  that  the  very  poles  of  the  intel- 
lectual world  are  two  dead  languages^ 
and  that  a  classioal  education  is  the 
only  real  broad  liberal  education,  they 
are  kept  for  years  drilling  at  Latin 
and  Greek  aa  the  only  condition  upon 
which  they  can  get  to  college  at  all. 
The  standard  is  here  kept  as  high  as  it 
was  twenty  years  ago,  and  President 
Eliot  stated  at  the  late  Elmira  conven- 
tion that,  in  the  estimation  of  the  pre- 
paratory teachers  in  New  England,  Har- 
vard retxnires  a  year  more  study  of 
Latin  and  Greek  than  the  other  col- 
leges. The  student  thos  enters  college 
warped  and  biaa^sed  by  ids  preparation 
for  it.  Of  the  sciences  he  knows  noth- 
ingj  and  he  is  prejudiced  against  them 
aa  mere  utilitarian  studies  to  be  con- 
trasted on  all  occasions  with  liberal 
mental  pursuits.  When  these  facts  are 
remembered,  it  is  certainly  no  matter 
of  surprise  that  Latin  and  Greek  lead 
in  the  collegiate  elections  of  study ;  it 
is  rather  surpriaing  tliat  they  lead  by 
BO  small  a  number.  It  is  very  far  from 
being  a  fair  or  open  choice  when  a 
pnpil  has  to  repudiate  his  past  aoqaiai- 
lions,  and  stem  the  tide  of  opinion 
whlcli  has  forced  them  upon  him,  to 
take  up  studies  under  the  grave  Ci\n- 
advantage  of  no  early  preparation.  We 
think  the  lesson  of  the  Harvard  statis- 
tics is  not   altogether  exhilarating  to 
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opposition  to  Bis  old  friend  Brewster 
aiid  otliera,  and  was  elcKited  to  the  po- 
sitioii  at  the  age  of  twentj-fonr.    lie 
was  an  original  investigator  in  a  wide 
fidd  of  pbjaics,  contri  bated  to  the  ex- 
teuaion  of  knowledge  in  many  direc- 
tiona,  and  was  an  able   writer.     Hia 
health  failing,  lie  resigned  his  chair  in 
the  Edinburgh  Universitj,  and  accept- 
ed the  principalship  of  St»  Andrew ^9, 
and   i»  therefore  known  as  Principal 
Forbes.     He  died  the  last  day-  of  1868, 
and  an  elaborate  biography,  by  three 
of  his  Scotch  friends^  has  just  beenpub- 
ahed  by  MacmillaD)  wMoh  is  an  ex- 
emely  interesting  book. 
Among  other  subjects  of  his  inves- 
|tlgation  were  the  glaciers,  npon  which 
lie  pablished  an  Lmportant  volume,    lie 
|.met  Agassiz  m  the  Alps,  while  that 
gentleman    was    experimenting    npon 
Iglacial  motions,  and  they  made  obser- 
IfatioQs  together,  but  Bobseqiiently  fell 
DUt  with  each  other  about  the  di^aion 
[>f  the  honors  of  discovery.    Tlie  com- 
plication extended^  involving  the  claims 
Df  Bishop  Rendu,    Prof.  Guyot,  and 
(others.     In  hia  "  Glaciers  of  the  Alps,*' 
irablialied  in  1860,  Prof.  Tyndallnnder- 
took  to  do  justice  to  the  clainia  of  all 
[»arties.    Prof.  Forbes  was  not  satisfied 
ith  the  awards,  and  replied  to  Prof. 
rjudalVa   work,   vindicating  his*  own 
Jatms  to  a  larger  share  of  the  investi- 
gation than  hod  been  accorded  him.    To 
bis  Praf.  Tyndall  at  the  time  made  no 
rejoinder ;  but  in  Ma  recently-published 
I** Forms  of  Water"   he  restated    the 
in  a  way  that  was  not  satisfactory 
|to  Forbes's  biographers,  who  liave  met 
^t  by  an  appendii  to  the  volume.     In 
|tbe  Contemporary  Eeview  for  August, 
?rof.  Tyndall  returns  to  the  question 
I  ttn  elaborate  paper,  entitled  **  Prin- 
teipal  Forbes  and  his  Biographers,^'  of 
which  we  publish  the  first  and  last 
ortions,   thAt   are    of    most    general 
DtereRt.    We  have  not  space  for  the 
pbole  article,  which  is  long,  and  omit- 
l  the  extended  extracts  from  Kendu's 
rcrk  ia  French^  and  that  portion  of 


the  argument  which  will  maioly  con- 
cern the  special  stndents  of  glacial  lit- 
erature, in  an  introductory  note  to 
the  article.  Prof.  Tyndall  brietiy  states 
the  origin  and  cause  of  the  controversy, 
and  earnestly  deprecates  its  present  re- 
vival. He  says,  epeaking  of  the  biogra- 
phers :  *^  I  am  challenged  to  meet  their 
criticisms,  which,  I  find,  are  com^idered 
to  be  conclusive  by  some  able  public 
journals  and  magazines.  Thus  tlie  at- 
titude of  a  controversialiat  is  once  more 
forced  upon  me.  Since  the  death  of 
Principal  Forbes  no  on©  has  heurd  mo 
ntter  a  word  inconsistent  with  tender- 
ness for  his  memory ;  mid  it  is  with  an 
nnwillingness  amounting  to  repogntuice 
that  I  now  defend  myself  across  Ms 
grave.  II is  biographers  profess  to 
know  what  he  would  have  done  were 
he  alive,  and  hold  themselves  to  ho  the 
simple  executors  of  his  wilh  I  cannot 
act  entirely  upon  this  assumption,  or 
deal  with  the  dead  as  I  should  with 
the  iiviug-  Hence,  though  thcHe  pages 
may  appear  to  some  to  be  suflieientlj 
fun,  tbey  lack  the  completeneas,  and 
still  more  the  strength,  which  I  whould 
have  sought  to  confer  upon  them  liati 
my  present  position  been  forced  upon 
me  by  Principal  Forbes  himself  instead 
of  by  his  friends.'* 

It  is  to  be  feared  that  Prof.  Forbes 
did  not  sufficiently  abide  by  the  rule 
of  life  which  was  formed  under  the 
solemn  circumstances  of  his  father's 
death. 


We  commend  to  the  attention  of 
our  scientific  readers,  with  philosophi- 
cal inclinations,  the  series  of  articles 
on  **The  Primary  Concepts  of  Modern 
Physical  Science,'*  the  first  of  which 
appears  this  month,  on  **Th©  Theory 
of  the  Atomic  Constitution  of  Matter.*' 
The  defjth  and  force  of  the  criticism  arc 
only  e<[ualled  by  the  clearness  of  the 
conceptions,  and  tbe  precision  and 
felicity  of  the  statement.  The  interest 
of  the  discission  wiU  not  be  leaseiied 
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when  we  say  that  H  ia  by  an  Ohio  law- 
yer— formerly  a  judge  of  Cinciimati* 
It  has  be^n  held  as  one  of  tbe  redeem- 
ing features  of  tbe  Eogllsh  bar,  that 
the  author  of  the  able  and  admirable 
essay  on  *'The  Correlation  of  Forces  " 
belongs  to  it^  and  it  is  certdnly  to  the 
or^t  of  the  legal  profession  in  this 
oonntry  that  a  member  of  it  has  culti- 
vated pbysical  philosophy  to  snoh  ex- 
cellent pnrpose  as  is  evinced  by  the 
article  we  now  publish. 

LITERARY  NOTICES. 

Toi  TJ^vtY  or  NxTuaiL  FacsfOMcxA.  A 
Popular  Introduction  to  the  Study  of 
the  Forecfl  of  Nut  are.  Prom  the  French 
of  H.  Emila  Saioit.  With  an  latro- 
ductioQ  and  Not«s  by  Thomas  Freejux 
Moms.  A.  M.,  H,  D.  Boston  :  Bates  k 
lAor^t    Price  $L50.    iOd  pages. 

Altboctoq  this  neat  and  attractiTC  little 
rolame  claims  to  be  a  popular  introduction 
to  tbe  study  of  the  forces  of  Nature,  we 
think  it  should  rather  be  regarded  as  a 
book  for  those  who  have  been  previously 
introduced  to  the  subject.  It  is  rather 
devoted  to  an  ciposition  of  the  author** 
speculative  views  thou  to  a  simpli6cd  and 
elementary  statemeot  for  those  who  are 
beginning  to  studj.  The  author  holds  to  a 
universal  ether,  and  maintains  besides  that 
matter  is  conatituted  from  it,  and  consista 
of  St,  and  he  aims  to  buUd  up  the  universe 
of  ethereal  atoms  sad  motion.  The  work 
ij  written  from  the  modem  point  of  view 
of  the  correlntton  of  forces,  and  contains 
much  interesting  in  formation  upon  this 
Bubjeet,  but  the  author  is  less  concerned 
merely  to  interpret  the  phenomena  of  inter- 
action among  the  forces  than  to  get  below 
them  to  what  he  regards  oa  the  causes  of 
their  nnity.  "The  atom  and  motion,  be- 
hold the  universe  !  *'  is  a  somewhat  Frenchy 
lod  fimtastio  cosmology.  To  readers  of  a 
^paeulative  turn  of  mind  the  book  wiU  prove 
interesting, 

BaMiTAEv  EtfotiriKatiro :  a  Guide  to  the 
Construction  of  Works  of  Sewerage  and 
House-Drainage.  By  Baldwin  I^tham, 
0.  K.  862  pages.  Price  |1S.  New 
York :  E.  &  F.  N.  Spon. 

This  work  is  In  all  respects  a  contrast 
to  that  of  If  *  Saigey,    Instead  of  transcen- 


dental ether,  U  treats  of  dcaoendental  wcw- 
erage,  and»  instead  of  remote  imagmaliTe 
speculations,  it  is  occupied  with  ths  oMit 
immediate  and  practical  of  tbe  iuterestf  of 
daily  life.     Of  the  importance  of  the  P«t* 
ject  tp^ted,  the  preservation  of  life  «sd 
health  by  tlie   thorough   constructicia  of 
sanitary  works,  there  can  be  no  <iaestioo, 
and  tbe  author  claims  that  it  10  the  Int 
book  exdusirely  devoted  to  sabjeeti  m- 
latiog  to  sanitary  engiiieeHog.     Be  tm 
gatheted  his  material  6^010  oifioisl  reporti, 
periodical  papers,  and  various  woria  whkb 
touch  tbe  subject  ineidentallyt  and^  sddli^ 
to  them  the  results  of  his  own  practice,  ttif 
produced  a  most  valuable   treatise.     JU 
Bcience  unravels  the  complicated  eomdhioBi 
of  Life,  it  becomes  more  and  oiors  sfpunt 
that  health  can  only  be  maiBtaised  bf  tbi 
destruction  or  thorough  removal  of  thc#e 
deleterious  prodnets  which  art  engeikteid 
in  dwelliiiga.    Tbe  neoewty  of  dniiHi^  ii 
well  understood,  and  tbe  art  has  beenbtf 
practised  In  all  civilised  countries;  but,lili 
all  other  arts^  ita  inteUSgeot  snd  «M«i 
practice  depends  np>o&  sciocttilie  priadpb^ 
and  therefore   progresses  with  a  grorriff 
knowledge  of  the  subject.    The  qosillttBi 
involved  in  the  proper  sewerage  of  a  diitHit 
arc  numerous.    Its  geokt^cal  ehsncler  ni 
phfBical  features  have  to   be  eonlldsnd; 
the  meteorological  element  of  ralsftll  il 
important;  Uko  constitution  of  the  wt/H  wi 
sobsoil  must  be  taken  into  account;  (ki 
sources  and  eztcDlof  artificial  watitf<«tqiplj 
are  of  moment ;  and  the  area  of  the  dlsltki 
to  be  sewered,  and  Its  present  and  ^ 
spective  population,  cannot  be  overloo!*^ 
Much  information  of  tbia  kind  trqaines  il« 
to  be  caUed  into  requisition  in  the  coosiiM' 
tion  of  separate  oountry-residencsa.    1^ 
physical  circumstaneea  being  gi^sHt  ibof 
then  arise  numerous  questioas  in  ftfut  to 
dndnage,  oonstruclloti,  booaelioki  cootd*' 
ances,  the  materials  employed,  and  tbt  oQui^ 
eflScieney,  and  penuanency  of  worka    Vt. 
Latham^s  volume  treats  this  whole  Siriff 
of  topics  hi  a  systematic  and  eikanslN 
wa J*    It  is  profusely  ilhistratc>d  with  «eo4^ 
cuts  and  maps,  and    contains   muacrc^t 
tables  which    are    indispensable    for  tb 
guidanee  of  oottstnioton.     Il  is  net  re- 
printed, but  Is  supplied  by  the  Ksw-Teri 
branch  of  the  Loodon  bouse,  who  hold  't 
at  an  ezorbitiat  pioe. 
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AXD  MrrB-MAEXnat  Old  Tales  and 

^erBtittona  interpreted  bj  Compara- 

Ttlv©  Mythology,  By  John  Fibke,  Prke^ 

|2.00.   Boston :  JaiDee  fi.  Osgood  k  Co.| 

1878, 

TluiTELUcxs  to  the  United  St&tea,  Jind 
Ajsericao  AQtbors  themselves,  have  ofleo 
remarked  on  the  affectionate  vene ration 
shown  by  Americana  for  the  oldest  things 
ia  Europe,  and  for  all  the  aagocbtions  con- 
necting their  present  life  with  the  life  of 
their  forefather*  in  the  old  country.  Not 
long  agO|  It  may  be  remembered,  the  build- 
en  of  a  new  meeting-house  at  Boston 
(United  StateaX  sent  for  a  brick  from  the 
prototype  still  standing  at  our  Boston  in 
England.  We  now  find  an  officer  of  Ear« 
rard  University  putting  forth  labor  wMcb 
U  evidently  a  labor  of  love,  and  the  literary 
skin  and  iaatc  in  which  the  best  American 
writers  net  an  example  worth  commending 
to  many  of  ours ;  and  the  thinp  he  etpeaka 
of  belong  to  the  Old  World  \  to  a  world, 
indeed,  so  far  off  that  for  centuries  we  had 
lost  its  meaning,  and  have  only  juBt  learned 
to  spell  it  out  again.  His  theme  takes 
liim  b»ck  from  the  New  World,  not  only  Xo 
En^Aodi  not  only  to  Europe,  but  to  the 
andent  home  of  the  Aryan  race,  a  world 
still  full  of  wonders  for  ilie  dwellers  in  it» 
whose  changes  of  days  and  seasons,  inter- 
preted by  the  analogy  of  human  will  and 
action,  were  instinct  with  manifold  life; 
where  the  imagination  of  our  fathers  shaped 
the  splendid  and  gracious  forms  which  have 
gone  forth  over  the  earth,  as  thetr  children 
went  forth,  and  prevailed  in  many  lands, 
and  have  lived  on  through  all  the  diverse 
&tes  of  the  kindred  peoples  in  India,  in 
Qrsooe,  in  Iceland,  to  bear  witness  in  the 
kltar  days  to  the  unity  of  the  parent  stock. 
ThSm  book,  which  Mn  Fiskc  modestly  Intro- 
diioes  as  a  ^*  somewhat  rambling  and  unsys- 
lemfttic  scHes  of  papers,"  seems  to  ua  to 
give  the  leading  results  of  comparativo  my- 
thology in  a  happier  manner  and  with 
greater  success  than  has  yet  been  attained 
in  so  small  a  compass.  It  Is  the  work  of 
a  student  nho  follows  iu  the  steps  of  the 
great  leaders  with  riglii-minded  appreola- 
Uon,  and  who,  though  he  doos  not  make 
any  claim  to  originality,,  is  no  ordinary 
compiler.  He  is  enthusiasti<5  In  his  pursuit, 
wHhont  being  a  fanatic ;  his  style  has  the 


attractivenesE,  due  to  a  certain  subtle  tact 
or  rcfiuemfnt  hard  to  analyze,  but  quite 
sensibly  felt^  which  marks  the  best  Ameri- 
can essay-writing ;  and  his  manner  of  deal-  \ 
ing  with  bis  subject  is  well  fitted  to  reassure  j 
those  who  have  been  deterred  from  seeking  I 
any  acquaintance    with  comparative    my- 
thology, eitlier  by  the  formidable  appearance 
of  philological  apparatus  and  Vedic  proper  , 
names,  or  by  the  aggressive  boldness  of  ' 
one  or  two  champion  a  of  the  new  learning. 
It  is  very  niiturol  to  feel  a  rebellious  impulse 
at  being  told  that  half  the  gods  and  heroes 
of  the  classical  epics,  or  even  the  nursery 
tales,  which  have  delighted  us  from  our 
youth  up,  are  sun  and  sky,  light  and  dark« 
ness,  summer  and  winter,  in  various  dis- 
guises. 

The  myth  is  in  its  origin  neither  an  al- 
legory — as  Bacon  and  many  others  have 
thought — nor  a  metaphor — ^as  seems  now] 
and  then  to  be  implied  in  the  language  of 
modern  comparative  mythologiats — ^but  a 
genuinely-accepted  explanation  of  facts,  a 
"  theorem  of  primitive  Aryan  science,"  as 
Mr.  Fiake  happily  expresses  it  This  view 
is  brought  out  in  the  last  esMj  of  the  vol- 
ume,  entitled  "  The  Primeval  Ghost  World,^* 
where  the  genesis  of  mythology  is  held  not 
to  be  eiplicable  by  the  science  of  language  i 
alone^  and  is  rather  ascribed  to  the  complete 
absence  of  distinction  between  animate  and 
inanimate  Nature,  which  is  now  known  to 
be  common  to  all  tribes  of  men  in  a  prlmi* 
live  condition,  and  to  which  Mr,  Tylor  has 
given  the  name  of  Animism.  We  are 
pleased  to  find  Mr.  Fiske  pAising  Mr.  Ty- 
ler's work  warmly,  and  even  enthusiasti- 
cally :  here  is  another  of  the  many  proofs 
that  the  ties  of  common  language  and  cult- 
ure are  in  the  long-nm  stronger  tlian  diplo* 
macy  and  Indirect  Claims.  We  find  men- 
tioned, among  other  instances  of  animism^  J 
the  belief  that  a  man^s  shadow  is  a  sort  of* 
ghost  or  other  self.  This  belief  has,  in 
comparatively>recent  tinea,  made  its  mark 
even  in  so  civilized  a  tongue  as  the  Greek. 
l/rmx^ih  in  Komaic  la  a  ghost,  or  rather  R 
personified  object  generally,  and  seems  to 
correspond  exactly  to  the  oVier  Mrff  attrib- 
uted by  primitive  man  to  all  creatures,  liv- 
ing or  not  living,  Indiscriminately.  Mr* 
Geld  art,  In  a  note  to  his  book  on  Modem 
Greek  (Oxford,  1870),  which  well  deserves 
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the  attention  of  studentB  of  language  tnd 
mythology,  traces  tbla  u  well  u  older  al- 
lied meaninga  from  the  original  meaning  of 
«Y04X*<^  '^  claasical  Greek,  as  the  shadow 
on  the  sun-dial,  acutely  obsemng  that  the 
moving  shadow  would  seem  to  the  natural 
man  far  mor^  tUire  and  mystenons  than  the 
fixed  rod. 

There  are  aereml  matters  dealt  with  m 
eped&l  chapters  by  Mr.  Fiske  which  wo 
mu^t  put  oil' with  little  more  than  alluBion: 
the  book  is  indeed  a  small  one,  but  so  full 
of  intereat  that  choice  among  its  cooteuta 
is  not  eaay.  An  essay  on  "  The  Descent  of 
Fire  *^  treats  of  the  divining-rod  and  other 
talhimans  endowed  with  the  faculty  of  rend- 
ing open  rock  a  and  revealing  hidden  treas- 
ure,  which  all  appear  to  be  aymhoU,  some- 
times obrloufif  sometimes  remotely  and  fan* 
clfully  derived,  of  the  lightning  which  breaks 
ihe  cloud  and  lets  loose  the  trciLsures  of  the 
raiti.  There  is  also  a  chapter  on  the  my- 
thology of  T»on-Ar>an  tribes,  showing  the 
difference  between  the  vague  resemblance 
of  tho^e  to  Aryan  myths  and  to  one  another, 
and  the  close  family  likeness  which  leads  to 
the  certain  oonclusion  that  the  great  mass 
of  Aryan  mythology  came  from  a  common 
stock. — ^pflcfo^or. 

Hons  AND  ScBOOL  :   A  Journal  of  Popular 
£duc4ition.     Morton  h  Co.,  Lonisvilleu 

In  a  late  number  of  this  journal  is  an 
excellent  article  by  Prof.  Alexander  Hogg, 
of  the  Alabama  Agricultural  and  IfechaaU 
oal  College^  entitled  "  More  Geometry — 
leas  Aritbmctll/'  that  contains  tsHoub  sag* 
gestions  worthy  the  thoughtful  attention  of 
teachers.  It  was  a  favorite  idea  of  the 
kte  Josiah  Uolbrook,  which  he  caforoed 
upon  educators  on  all  occasions,  that  rudi- 
mentary geometry  should  be  introduced 
into  all  prtoiary  schools;  but  he  insisted 
with  equal  eamesttiejis  upon  his  theory  of 
their  order,  which  was  embodied  m  his 
aphorism,  "  Drawing  before  writing,  and 
geometry  before  arithmetic.'*  The  priority 
of  geometrieai  or  Arithmetical  conception 
in  the  unfolding  mind  lb  a  subtle  pttycho- 
logical  question,  into  which  it  is  not  neces^ 
aary  for  the  teacher  to  go,  the  practical 
question  being  to  get  a  recognition  of  the 
larger  claims  of  geometry,  and  this  is  the 
point  to  which  Prof»  Hogg  wisely  directa 


the  discussion.  The  fact  is,  mental  dev4' 
opment  has  been  too  much  cofuideTvd  in 
its  linear  and  sneceesive  aap(»ctSv  a&d  the 
theories  that  are  laid  down  concenuKig  the 
true  order  of  studtca  have  been  bitberlo 
too  much  confined  to  this  idea.  Sttff&f 
with  inherited  aptitudes,  mental  d«v«lqp> 
ment  begins  in  the  interoourse  of  ibo  bdkBt 
mind  with  the  enTiroameEit,  and,  while  It  if 
true  that  there  la  a  sequence  of  mental  cr 
perieuce  in  each  Increaidiig  complexity,  it  is 
equally  true  that  many  kinds  of  mental  ae^ 
don  are  mifolded  together.  Id^as  of  !bra 
are  certainly  among  the  earliest,  and  tksny 
fore  should  have  an  early  cultivation.  Ta 
all  that  Prof.  Hogg  says  about  the  need  of 
inereaalDg  the  amount  of  geometry  in  cdo* 
cation  we  cordially  subsctibe,  and  we  tbhik 
be  is  equally  right  in  condemning  the  esMSi 
of  attentlou  that  is  given  to  arithiaetic, 
which  is  mainly  due  to  Its  supposed  pel^ 
tioal  character  as  a  preparation  forbuaaoa 
But  neither  Is  geometry  without  ita  iatpor* 
tant  practical  nses.    The  profeasor  lati: 

''Let  us  see,  then,  what  n  pupil  li&h 
enough  arithmetic  and  the  plane  geooift} 
can  perfonn.  He  can  moftsttre  be^^iti  lad 
distances ;  determine  areaa ;  knowi  fSuK 
having  enclosed  oit#  acre  with  a  mi^ 
amount  of  fencing,  to  enclose  f^Mt  t0M 
he  only  has  to  dtnthle  the  amount  of  tmda%\ 
that  the  same  is  true  of  hb  buUdings.  In 
circles,  in  round  pUt^,  or  in  cylindrical  isp^ 
sela,  he  will  see  a  beautiful,  nnivetsal  liv 
pervadmg  the  whole— the  increase  of  tkr 
circumference  is  proportional  to  the  to- 
crease  of  the  diametef,  whUe  the  iaeras* 
of  the  circle  is  ai  the  fgwors  of  the  dli»- 
eter.  ,  .  . 

"  Thooaands  of  boys  are  sifted  tg  tt 
pletion  with  interest,'  'diseottnC  ^ 
*  partnership/  in  which  they  have  ei|0^ 
enoed  much  *  lusa  ^  but  no  *  profit ;  *  \An 
mastered  as  many  as  five  arithmptias»  ^ 
yet,  upon  being  sent  into  the  iurreyor^  fl^ 
fice,  maohine-ahop,  and  carpenltr^lbo^ 
could  not  erect  a  perpeodfcular  lo  i 
straight  line,  or  find  the  centre  of  a  eiiclt 
already  described,  If  their  lives  dif^M 
upon  it.  Many  eminent  teachers  think  ^ 
young  person j?  arc  incapable  of  rDMOsio^ 
and  that  the  truths  of  geometry  are  6oe  i^ 
struse  to  be  comprehended  by  Ihem.  * . . 

^*  Children  are  taught  to  raid,  sot  ftr 


LITERARY  NOTICES. 


Ill 


rbfti  is  oootamed  in  the  readmg-bookai  tmt 
bat  thejr  may  be  able  to  read  through  Hfi;^ 
o,  let  enough  of  the  leading  branobea  be 
aught,  if  DO  more,  to  enable  the  pypi!  to 
mrsue  whatever  he  maj  need  moat  in  after- 
ife.  Let,  then^  an  amount  of  geometry 
tommensurate  with  its  Importance  be 
aught  even  in  the  common  aehooLa  \  let  it 
>e  taught  at  the  same  time  with  arithmetic ; 
et  as  much  time  be  given  to  it,  and  we  Bhall 
ind  thousanda  wbo^  instead  of  eloaing  tbcir 
nathcmatical  booke  on  learmg  school,  will 
>e  led  to  pursue  the  higher  mathematics  in 
hm  maturer  years,'* 

te  llTSTEiir  OF  Kattee  Aim  Other  Ea- 
aAYS.  By  J.  Allaksok  Pictok.  12nio, 
pp.  4SS.    Price  |S,&0,   Macmillan  h  ^, 

Tbx  purpose  of  this  work  ia  to  reconcile 
b^caestfal  prinoiples  of  reltgioua  faith  with 
be  present  teodeturies  of  thought  in  the 
phere  of  poaitire  and  pbplcal  acieoce.  Mr. 
icton  is  not  a  votary  of  modem  akepti- 
iana,  although  he  recognizes  the  fact  of  its 
xifltence,  and  ita  bearing  on  vital  questions. 
Tor  It  he  a  partisan  of  any  of  the  current 
yst^^ms  of  philosophy  or  science,  but  dis- 
Oflsea  their  various  pretensions  in  the  spirit 
i  intelligent  and  impartial  criticism.  He 
lift  no  fear  of  their  progress  or  inflyeneo  \ 
i6  ■ooepts  many  of  their  concluaions ;  be 
lOikort  the  earnestness  and  ability  of  their 
zpouudcrs  ;  while  he  believes  tliat  their  ro- 
alia  arc  in  hamiony  with  the  essential  ideas 
f  religion.  It  is  possible,  he  alBnna^  that 
Q  forms  of  finite  existence  may  be  reduced 
(»  modes  of  modon.  But  this  is  of  no  con* 
equenee  in  a  religioua  point  of  view,  for 
lOtion  Itself  is  only  the  vi.^ible  manifesta- 
ioD  of  the  energy  of  an  infinite  life.  *'  To 
ie,"  he  says,  **  the  doctrine  of  an  eternal 
ontinuity  of  development  has  no  terrors ; 
9r,  believing  matter  to  be  in  its  ultimate 
Menee  spiritual^  I  see  in  every  coamlc  revo* 
piiion  a '  change  from  glory  to  glory^  as  by 
be  Spirit  of  the  Lord/  I  can  look  down 
he  uncreated,  unbeginning  past^  without 
be  flSekness  of  bewildered  faith.  I  want  no 
fleot  dark  eternity  in  which  no  world  was ; 
br  I  am  a  disciple  of  One  who  said,  ^  My 
^•Iher  worketh  hitherto.*  My  sense  of 
itemal  order  is  no  longer  Jarred  by  Che  sud* 
len  appearance  in  the  universe  of  a  dead, 
substance,  foreign  to  God  and  spiritna] 


being.  And  if,  with  a  true  insight,  I  ocmld 
stand  so  high  above  the  world  as  to  take 
any  comprehensive  survey  of  its  uno easing 
evolutions — ^here  a  nebula  dawning  at  the 
silent  fiat  *  be  light/  there  the  populous 
globe,  where  the  communion  of  the  many 
with  the  One  brings  the  creature  back  to 
the  Creator — I  aro  sure  that  the  oneness  of 
the  vision^  so  far  from  degrading,  would  un* 
speakably  elevate  my  sense  of  the  dignity 
and  blessedness  of  created  being.  I  have 
no  temptation,  therefore,  to  join  in  cursing 
the  discoverer  who  tracks  the  chain  of  divine 
forces  by  which  finite  consciousness  has 
been  brought  to  take  its  present  form  ;  be- 
cause  I  know  he  can  never  find  more  than 
that  which  waa  in  the  beginning,  and  is,  and 
ever  shall  be — the  *  power  of  an  endless 
life/** 

With  retard  to  the  speculations  of  Prof 
Huxley,  the  author,  so  far  from  bewailing 
their  effects,  pronounces  them  decidedly 
favorable  to  the  interests  of  religion.  They 
present  a  forraidable  barrier  to  the  encroach- 
ments of  materialiam.  In  this  rcspeot,  he 
thinks  that  Prof  Huxley  has  rendered  ser- 
vices to  the  Church,  if  less  signal,  not  less 
valuable,  than  those  which  be  has  rendered 
to  science.  He  has  brought  the  religious 
world  face  to  face  with  facts  with  a  vigor 
and  a  clearness  peculiar  to  him?; elf  Not 
only  so.  In  the  opinion  of  the  author,  he 
has  made  suggestions  concerning  those  facts 
of  vast  importance  to  the  future  of  religion. 
He  has  defined  the  only  terms  on  which 
harmony  is  possible  between  spiritual  re- 
ligion and  physical  science.  Equalling 
Berkeley  in  transpflrent  distinctness  of 
statement^  while  he  far  surpasses  him  in 
knowledge  of  physical  phenomena,  Mr.  Hux* 
ley  has  shown  that,  whether  we  start  with 
materialism  or  ideal  ism  |  wo  are  brought  at 
length  to  the  same  point  He  has  tlius 
proved  himself  one  of  the  most  powerful  op- 
ponents that  materialism  ever  had.  All 
that  he  did  in  his  celebrated  discourse  on 
the  "  Physical  Basis  of  Life  "  was,  to  call 
attention  to  certain  indisputable  facts. 
^*  And  perhaps  it  was  the  impossibility  of 
denying  these  facts  which  was  a  main  cause 
of  the  uneasiness  that  most  of  us  felt. 
Thus  he  told  us  that  all  organisations,  from 
the  lichen  up  to  the  man,  are  all  composed 
mainly  of  one  sort  of  matter,  which  la  eU 
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eafteft,  even  those  i^t  the  extremitj  of  tixe 
•eaJe,  la  mltoost  identical  in  composition. 
And  tihe  one  other  fact  on  which  he  in&mtcd 
was,  that  every  living  actiou,  from  the  vi- 
brations of  cilia  by  the  fonuniniter  to  the 
Imagination  of  Hamlet  or  the  oomposition 
of  the  Meaaiab,  is  accompanied  by,  and  in  a 
9e(iae  finds  an  equivalent  erpreasion  in,  a 
definite  waste  or  disintegration  of  material 
tisane.  Thus  it  is  no  less  certain  that  the 
muscltts  of  u  horse  are  strained  by  a  heavy 
load|  than  it  is  that  the  brain  of  a  Shake- 
speare undergoes  molecuUr  agitation^  pro- 
ducing definite  chemical  results,  in  the  aub- 
lime  efibrt  of  imagination.*^ 

But,  at  first  bluith,  such  statements  pro- 
dnee  a  shuck  in  the  minds  of  most  readers. 
They  are  reluotant  to  be  told  that  the  soul 
never  acts  by  itself  apart  from  some  excite- 
ment  of  bodily  tissue.  It  seems  monstrous 
that  thought  and  love,  which  in  one  direc- 
tioQ  find  their  expression  in  the  majesty  of 
eloquence^  should  tu  another  direction  find 
their  expression  in  evolTing  carbonic  aoid 
Kod  water.  Such  a  union  between  soul  and 
body  seemed  to  amount  to  identity*  And 
yet  the  soul  won  conscious  thai,  whatever 
might  be  said,  it  was  not  one  of  the  chemi' 
cal  elements^  nor  all  of  them  put  together* 

The  mental  anxiety  referred  to  has  been 
aggravated  by  the  hold  whkh  has  been 
taken  on  most  inquiring  minds^  by  the  doe- 
trine  of  development.  Whether  natural 
selection  is  or  is  not  suffleient  to  account 
for  the  origin  of  species,  the  idea  of  sue* 
oessiTe  acts  of  creation  out  of  nothing  has 
been  virtually  abandoued  by  all  whose  ob- 
servations of  Nature  have  been  on  such  a 
scale  as  to  entitle  their  opinions  to  any 
weight.  What  was  once  the  property  of  a 
few  isolated  thinkers  has  been  made  com- 
pletely accessible  to  ralods  of  common  lu* 
telligence.  But  the  terrors  which  have 
been  awakened  by  the  popular  reception  of 
novel  scientific  theories  are  entirely  founded 
on  the  assumption  that  matter  and  spirit 
are  funrlam^ntally  distinct  in  their  nature. 
It  has  been  the  general  belief  that  matter 
was  something  heavy ^  lifeless,  inert,  some* 
thing  that  forma  the  hidden  basis  of  the 
ethereal  vision  of  the  world.  But,  argues 
the  author,  if  that  assumption  be  the  mere 
creature  of  false  analogy,  and  is  wlwlly  in- 
oongnioua  and  unthiokablei  it  does  not  in- 


deed follow  that  maiertallsm,  in  «  Cilf  leut 
of  the  word,  is  impossible,  still  the  conclu- 
sion cannot  be  avoided  that  matccialism 
and  spiritualiam  would  then  exhibit  onlj 
different  aspectt  of  the  same  eretUitiif 
fact,  and  physt^l  research  might  heocefoilli 
nnfold  to  US  only  the  energies  of  IitfiBiXi 
life  self-goTemed  by  eternal  law. 

But,  admitting  the  nmversaJ  actiaD  of 
molecular  mechanics,  the  author  addn«es 
numerous  mstanoes  which  show  that  the 
ezphmation  they  offer  of  the  phenomena  of 
sensation  cannot  be  realized  in  oonicioiia- 
ness.  Nothing  is  reaOy  an  ezplaoitios 
which  cannot  be  reproduced  in  oaiiselotis> 
ness  «8  such.  We  demand  a  came  fiwi 
which  the  effect  can  nitionaUy  be  edaeed 
The  perception  of  distance,  for  example,  u 
explained  by  the  action  of  the  mnsooiii 
sense  and  the  experience  of  touch.  This  if 
an  adequate  explanatioD,  for  it  cui  be  re* 
alized  in  coneoiousneea.  Bat  the  ease  is  isr 
otherwise  with  the  explanation  of  i 
by  molecular  mechanics.  Physical  i 
hinds  us  in  a  dead  inert  subetance  caSsd 
matter,  which^  though  without  soul  or  mem- 
lug  in  itself,  produces  by  its  ribrations  thi 
most  beautiful  visions  and  sublime  emotiooi 
in  oor  oonscioosness.  But  the  external  phs^ 
nomcna,  inseparable  from  our  oonsdonnitfi 
of  sight  or  sound,  cannot  be  rationally  eoo- 
nected  with  the  conscioueneas  that  ppi 
them  all  their  interest  No  one  to  whan 
the  Hallelujah  Chorus  ntten  the  joy  rf 
heaven,  or  for  whom  a  sonata  of  Beetborw 
gives  a  voice  to  the  unutterable,  oaa  male 
It  seem  real  to  himself  that  bis  mind  it  la* 
vaded  by  mere  wavea  of  vibrating  air.  At 
no  point  in  the  chain  of  Tibrations^  not  evtft 
the  point  most  deeply  buried  In  the  hraiiv 
can  we  conceive  that  molecolar  action  b 
oonverted  into  any  thing  beaides  material 
movement,  or  resistanoe  to  movemenL  But 
this  does  not  exhaost  the  consdonoiaM, 
The  emotional,  hnagtnatire,  and  moml 
wealth  of  human  life  opens  a  world  of  r^ 
ality  immeasurably  greater  than  can  be  coo- 
tained  in  mere  mechanical  movement 

Assoming,  then,  the  fact  of  a  natme  hi 
man,  of  which  the  molecular  laws  are  not 
the  substance,  bat  the  condition,  the  author 
takes  up  the  Inquiry  as  to  the  essential 
nature  of  religion.  This  he  defines  to  be 
the  endeavor  after  a  practical  expreeaiOD  of 
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^■inaa'c  ccni»doQS  rdation  to  Ihe  lo  finite. 
Tlie  MTtge  wba  wonders  at  tho  iine4>eii  but 
might  J  wind  that  streams  from  UBknoM'n 
realmH  of  power  baa  already  the  germ  of 
the  feeling  which  inapireE  religion.  But  the 
ooQ^clonii  relatioD  to  the  lofitdte  Includes 
every  itoge  in  thi^  consciouamssj,  just  as 
tbd  zmne  of  a  plant  mcl tides  the  blade  aa 
well  aa  the  fruit  If  the  evolution  of  reli- 
gion be  a  normal  phasii  in  the  dcyelopment 
of  maokindf  theire  most  be  at  the  root  of  it 
that  grand  and  meaaurelesa  Power  which  ie 
the  ineritablis  oomplement  of  the  coiiceptiuD 
of  etvolulioiL  Alt  erolution  impLiea  a  divine 
Power,  but  religious  evolution  has  to  do 
trith  the  dim  apprehensicin  of  that  Power  in 
ooosdousiiesa.  Mr  Herbert  Spencer,  to 
eontimie  the  rea«oning  of  the  author^  has 
been  much  blamed^  bj  many  rcligioua  think - 
enti  for  making  the  reconciliation  between 
science  and  religion  to  lie  in  ihe  recognition 
on  both  aided  that  "  the  Power  which  ihe 
tuUvenie  manifeiita  to  ns  ia  utterly  inscru- 
table."  Yet  the  very  perioua  who  most 
£trenuoualy  object  to  this  suggestion  are  In 
the  habit  of  quoting  the  words  of  Scripture 
which  declare  the  unsearchable  mj&tory  of 
the  Divine  Nature,  Those  words  are  iiae-d 
to  rebuke  the  arrogance  of  phitoBophy,  But, 
when  phUosophv  Icams  the  lesson,  ita  hu- 
mility ii  condemned  as  wilf^d  blindness. 
The  trn©  philosophy  of  ignorance,  however, 
retaine  as  an  Indestructible  element  of  hu- 
man consciousness  an  apprehension  of 
Bomething  beyond  all  fragmentary  existence, 
the  Absolute  Being,  at  once  the  only  true 
substance,  and  the  One  that  const ittites  a 
univetse  from  the  phenomenal  world.  It 
*ifl  inevitable  that  attempts  should  be  made 
to  give  practical  expression  to  this  feeling. 
And  in  such  efiorts  we  find  the  first  germs 
of  religion. 

With  the  Imperfect  summary  which  we 
have  given  of  the  views  maintnined  in  this 
volume^  it  will  be  perceived  that  lis  posiiion 
In  literature  is  that  of  a  commentary  on 
new  devctopmcnts  of  thought,  rather  than 
of  a  complete  exposition  of  any  system  of 
philosophy  or  science.  Accepting  the  con- 
sequeoces  of  modem  physical  research,  it 
aims  to  establish  their  consistency  with  the 
principles  of  a  high  rellgiou?  faith,  and  thus 
to  remove  the  vagne  alarms  which  their 
preralenoe  has  called  forth  in  certain  por- 
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lions  of  the  community.  The  author  is 
evidently  a  man  of  an  ai'dent  poetical  tem- 
peromentj  of  a  reverent  and  tender  spirit, 
and  an  aptitude  for  illustration  rather  than 
for  demonstration, — N,  T,  Driimm, 

Cbimneyb  rott  Fuhnaceb^  Fjreplacss,  i5t> 
Stkaj£ -Boilers.  By  R.  Armstrong,  C. 
E.,  12mo,  76  pages.     Price,  ftO  cents. 

This  is  number  one  of  Van  Nostrand^s 
science  series,  and  is  a  technological  mono- 
graph that  will  be  useful  to  engineers  and 
builder?.  The  author  says  :  **  Furnaces  or 
closed  fireplaces,  which  it  is  the  main  de- 
sign of  this  essay  to  treat  upon,  are  essen- 
iially  different  in  principle  and  constniction 
lo  the  ordinary  open  fireplaces  of  dweHng- 
houses,  as  they  are  exceedingly  diifereDt  in 
their  general  scope  and  object,  and  in  the 
vast  variety  of  their  appUcatlons ; "  and  ho 
then  prot^eeds  to  eipoond  the  general  phi- 
losophy of  special  chimneys  for  furnaces 
and  steam-boilers* 

Stkam-Eoilkr  ExTLoeioirs.  By  Zkbaa  Col- 
BURK.  12mo,  tJ8  pages.  New  York: 
D.  Van  Nostrand. 

This  is  number  two  of  the  same  series, 
and  is  a  most  instructive  and  readable  essay. 
The  editor  states  that,  although  published 
ten  years  ago,  later  experiences  wo^ld  odd 
but  little  if  any  thing  to  the  knowledge  it 
aflbrds.  The  various  observed  scientific 
questions  in  regartl  to  the  causes  of  steam- 
boiler  explosions,  such  as  over-beating,  elec- 
tricity, the  spheroidal  state,  decomposed 
steam,  etc,  are  considered,  but  Mr.  Colbum 
maintains  that,  whether  these  are  valid 
causes  of  explosion  or  not,  they  are  coVeo- 
tlvely  as  nothing  compared  with  the  one 
great  cause— defective  boilers.  The  sty  Is 
In  which  this  essay  is  written  U  a  fnodsl  of 
slropllcity  and  clearness. 

BUIXKTIN   OF  Tnx  BUTFALd  SOCIXTT  OP  NaT* 

xjMAL  8cit](cc8.    Vol  I,  Nos.  1  and  2. 
Builklo,  I87B. 

The  BuQalo  Society  of  Natural  Sciences 
commences  this  year  the  publication  of  their 
BuBdiH^  which  it  is  proposed  to  continue, 
four  numbers  lo  be  issued  annually.  The 
two  numbers  before  us  contain  seven  papers, 
six  of  which  are  devoted  to  ths  detcrihing 
and  cataloguing  of  AmeHoan  moths,  sitd 
one  gives  desoHptions  of  n«w  spiles  of 
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AiDgi  Tbe  aatbor  of  the  ktter  paper  la 
Gbarles  H,  Peck  ;  nil  the  others  are  by  Au- 
gQSius  R.  Grotc.  Mr,  Grote  ts  well  known 
to  entomologiatfl  u  tn  AUthoritjon  the  nub- 
jeeta  wbieh  be  diaonaaea,  and  the  BuiSUo 
society  la  to  be  congratuljited  for  being  the 
inedliun  throagh  which  the  labortott&  and 
.  Tuliiable  reBearches  of  flo  able  a  natumliat 
are  published  to  the  world.  The  papers  are 
strictly  scientific  and  technical,  being  in- 
tended sold  J  for  those  who  pursue  method- 
ically the  special  br&nchea  of  science  to 
which  they  refer.  They  are  not  popular 
expositions,  but  rather  brief  notes  on  wjr- 
tain  departmentE;  of  natumt  science,  to  be 
nnderstood  and  vfllued  only  by  the  initiated. 
The  Bulldin  is  handsomely  printed  oa  ^ood 
paper,  in  octaro  fonn,  Subscriptloa  price, 
la^GO  per  volume* 

AnfosrnERic  Theory  of  tor  Opki  Pouji 
S«A :  with  Remarks  on  the  Preseut  State 
of  the  Question,  By  William  W.  Wkbil* 
DON.     First  Paper,     Boston,  1872. 

This  paper  was  road  at  the  meeting  of  the 
American  Association  for  the  AdTancement 
of  Sdenoe,  held  at  Newport,  R.  L,  in  I860, 

^  md  was  published  in  the  volume  of  proceed- 
ing of  the  Association  for  that  year.  The  ex- 
imordinary  interest  taken  In  Arctic  aflTalrs 
daring  the  past  two  years  has  led  to  its  re- 
issue in  pamphlet  form,  witli  brief  introduc- 
tory observations  on  the  present  state  of  the 
problem.  Accepting  the  view,  now  <|uice  gen* 
erally  held,  that  ao  open  sea,  or  at  least  a 
much  ameliorated  cUmale,  exiata  in  the  vi- 
cinity of  the  pole,  the  author,  in  this  paper,, 
aims  to  show  that  such  a  condition  of  things 
'*  is  largely  if  not  entirely  due  to  the  our- 
rents  of  the  air  from  the  equatorial  regions 
which  move  in  the  higher  strata  of  the 
e&rth*s  atmospherct  bearing  heat  and  moist- 
ure with  them/'  How  well  he  succeeds  in 
this  undcrtakiag,  we  leave  the  readers  of 

'  the  argument  to  Judge. 
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Washington  Catalogue  of  Stars.  By  or- 
der of  Boar-Admiml  Sands,  U,  a  N,  Waah- 
ington,  187S. 

First  Annual  Report  of  the  Minnesota. 
State  Board  of  Health.  St.  Paul,  1873, 
pp.  102. 


Selentifie  and  Indastrial  Edneitioiw  A 
Lecture.  By  6.  B.  StobbloA.  Detroit,  187>, 
pp.  24. 

The  Bailroada  of  the  Umted  States.  B; 
Henry  V,  Poor.  New  Yorlt :  H.  V.  *  H.  W. 
Poor,  68  Broadway,  pp.  i«. 

Cosmical  and  Molecular  Hannooies,  Ke. 
H.  By  Pliny  Earle  Ghasc,  M,  A.  Fhilad^ 
phia,  1873,  pp.  16. 

Nickel  By  Dr.  Lewis  Fettchtwanger, 
pp.  19. 

Diminution  of  Water  oo  the  Earth,  sLd 
its  Perm  anient  Conversion  into  SoUd  Fonm 
By  Mrs.  George  W.  Honk.  Dayton,  O.,  1^9. 
pp.  39. 

8ixth  Annual  Report  of  the  Trttsteei  of 
the  Feabody  Mupeum  of  Amefiota  Arebm^ 
ogy  and  Ethnology*  Oambrtd|^  18?lt,  pp, 
27,  Mr.  6il1man*B  report  of  his  explorft* 
tioni  of  the  ancient  roounds  oo  the  St  Cttk 
Eiyer  is  an  important  contribution  to  l^ 
chieology.  The  museum  is  in  a  flourtshii^ 
state,  and  growing  steadily.  The  Nicoobod 
collection  of  ancient  crania  and  inapkBiioll 
was  the  most  important  additioQ  muk 
during  the  past  year, 

MISCELLANY. 

rtllliitloQ  ofWasle  OmI.— The  Jiy'**^ 
Mechanic  gires  an  historieml  aketdi  of  thi 
various  prooesiBes  stiggested  for  theotUi»> 
tion  of  the  waste  of  ooal-min^.  Froa  i^ 
account  it  would  appear  that  so  eariy  a«  the 
close  of  the  sixteenth  century  the  waste  of 
small  coal  attracted  notice.  Abont  the  yrtr 
1594  one  Sir  Hugh  Plate  proposed  a  miilvs 
of  co&Uust  Rud  loam,  together  widi  mA 
combuBtible  materiuls  as  sawdofl  Mid  !•• 
ners^  bark:  the  loam  being  liha  esQtft 
whloh  was  to  hold  the  other  ingrediaiili » 
gether.  But  Sir  Hugh's  snggesitioiis  M  BoC 
reoeire  mnoh  attention  in  those  t^j  ^aoH, 
when  coal  was  but  little  used,  wood  btbii 
the  staple  ftie]  of  England. 

It  waB  only  at  the  b^gimimg  of  ^ 
present  century  that  this  qnestiott  ht^  IB 
receive  serious  attentloo.  A  patoit  m 
then  granted  for  a  mUlare  of  rellM  ^ 
with  charcoal,  wood,  breeve,  tan«  pesiw^ 
dust,  cork-euttiogs,  and  other  InfiaotBiiblt 
ingredieotd.    Aeapltal  ot^Jeodon  loisdi* 
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ae  is  ita  expense.    The  product  would 
>ily  cost  about  oa  mucli  per  ton  as 

[  coal,  without  being  at  all  a^  service- 
able. The  Dext  attempt  was  the  production 
of  ^^gaaeoufl  ooke."  Here  the  object  was  to 
oonrert  amall  ooolt  by  the  addition  of  coal- 
tAT,  either  pare,  or  mixed  with  naphtha,  ioto 
a  weU-mixed  omss.  It  waa  then  to  be  put 
into  on  OTen  and  coked ;  afterward  it  was 
to  be  broken  into  auitabic  blocks  for  use. 
There  were  several  tnodification»  of  this 
prooesfl,  but  as  they  all  inoreor  lesa  inrolved 
the  previous  manuTacture  of  their  most  ca- 
tential  ingredient,  coal-tar,  the  anticipations 
of  the  projeetora  were  not  realized. 

In  ld2S  a  step  was  takeo  in  the  right 
direction  by  the  combination  of  bituminotts 
and  anthracite  coaki,  and  converting  them, 
bj  partial  cartwoizatioii  in  an  ovon,  into  a 
kind  of  BOfl  coke.  Id  1845  Frederick  Ean- 
some  introdueed  a  plan  for  cementing  to- 
gether small  coal  by  meana  of  a  solution  of 
silica  difisolved  in  cauatic  soda,  the  small 
refitae  coal  eo  treated  to  l>e  then  compressed 
into  blocks  suitable  for  use.  In  1849  Henry 
Beeaemer  propojied  simply  to  heat  small 
coal  sufficient  to  soften  it,  and  thua  render 
it  c^iable  of  being  easily  pressed  into 
moolda  and  formed  into  solid  blocks.  The 
eod,  accord'mg  to  this  plan,  might  be  soft- 
ened cither  by  the  action  of  steam  or  in 
suitable  orens.  Coal  alone  was  used,  no 
extmneoiiB  matter  of  any  kind  being  em- 
ployed. In  1856  F.  Bansome  brought  for- 
ward one  of  the  beet  plans  yet  offered.  He 
pUoed  the  small  coal  in  suitable  moulds, 
which  were  then  passed  into  an  oven,  and 
there  heated  just  sufficieotlj  to  cause  the 
mass  to  agglomerate. 

Though  the  writer  in  the  Mechanic  com- 
mend s  highly  the  Bansome  and  the  Besse- 
mer plans,  it  is  clear  that  they  do  not  fully 
solve  the  problem^  for  inventors  are  stilt 
busy  on  botli  Bidea  of  tlie  Atlantic  devising 
other  and  better  methods.  Perhaps,  how- 
ever, the  Buccessiful  working  of  the  Crana* 
ton  "Automatic  Reverberatory  Famace," 
which  is  adapted  for  the  consumption  of 
INywdered  ooil,  wUl  cause  such  a  demand 
for  smaU  coal  as  will  leave  these  utilixing 
processes  without  material  to  work  on. 

l)Batrefige«  on  Hnman  Crtnla«— Quatre- 
fhgcfl  if  engaged  on  a  work  entitled  ^'  Cra- 


nia of  the  Human  Haces,*^  and  recently 
laid  before  the  Paris  Academy  of  Sciences 
a  synopsis  of  the  results  which  he  there 
proposes  to  establish.  The  materials  be 
has  at  hand  for  this  investigation  are 
abundant^uo  less  than  4^000  skulls ;  and 
he  acknowledges  the  valuable  assistance 
rendered  to  him  by  the  most  eminent  Mo- 
vants both  of  France  and  of  the  rest  of 
Europe.  He  holds  that  the  fossil  races  are 
not  extinct,  but  that,  on  the  contrary,  they 
have  yet  living  representatives.  He  regards 
the  skull  discovered  in  HOO  at  Canstadt, 
near  Stuttgart,  as  the  type  of  the  most  an- 
cient human  race  of  which  we  have  any 
knowledge.  This  skull  is  dolicboeephalouB 
— that  is,  having  a  length  greater  than  ita 
breadth.  With  the  Canstadt  ekuU  he 
classes  those  of  Engbisheim^  Brui,  Nean* 
derthal}  La  Denisei  Staengenaee,  01m  o,  and 
Clichy — 4he  last-nomcd  three  being  the 
skulls  of  females.  Among  the  repr€«enta> 
lives,  in  historical  times,  of  the  doUchocepb- 
idouH  race,  M.  Quatrefages  reckons  Kay 
Lykke,  a  Danish  eta  teaman  of  the  seven- 
teenth century,  whose  skull  is  portrayed  in 
the  forthcoming  work ;  Saint  Manj^uy,  Bishop 
of  Toul  in  the  fourth  century,  whose  skull  is 
also  figured  ;  and  Robert  Bruce*  Whether 
the  cranium  is  long  or  abort— dolicboceph- 
aioua  or  bmcbycephalous — is  a  question 
which  has  nothing  to  do  with  the  intel- 
lectual  status  of  the  man,  according  to  M. 
Quatrefages. 

Ueart-Dlsease  and  Overwork.— The  car- 
ly  break'down  of  health  observed  among 
Cornish  miners,  ond  commonly  regarded 
as  an  atfection  of  the  lungs  — ^^  miners^ 
phthisis  *^ — is  declared,  by  competent  au' 
thority,  to  proceed  rather  from  disturbed 
action  of  the  heart ;  and  thi?,  according  lo 
Dr.  Houghton,  the  disiinguiahed  Dublin 
physiologist,  is  caused  by  the  great  and 
sudden  strain  put  upon  the  system  bytb^J 
ascent  frotn  the  pits^  at  a  time  when  th#1 
body  is  not  sufEcicDtly  furtiBed  with  food. 
In  his  valuable  addresa  on  the  **  Relation 
of  Food  to  Work,"  Dr.  Houghton  nays : 
"  The  labor  of  the  miner  is  peculiar,  and  his 
food  appc&rs  to  me  badly  suited  to  meet  iu 
roqulremeuta.  At  the  cioso  of  a  hard  day*« 
toll  the  weary  miner  bus  to  eUtnb,  by  verti- 
cal ladders,  through  a  height  of  from  600  to 
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1,200  £bet,  before  he  can  reach  his  cottage, 
where  he  Ofttitrallj  looks  for  hia  food  and 
Bleep,  ThU  climbing  of  the  ladders  U  per- 
formed bastilj,  ahnoBt  a«  a  gymnastic  feat, 
ftnd  throwi  a  heavj  strain  (amonntmg  to 
fi^mi  one-eighth  to  one-quarter  of  the  whole 
dmj^a  work)  opon  the  muaclea  of  the  tired 
Djiner^  during  the  half-hour  or  hour  that  con- 
cludes his  dailj  toil  A  fleah-fed  man  (as  % 
red  Indian)  would  ran  up  the  ladden  like  ft 
cat,  using  the  stores  of  force  alrcddy  in  re- 
aervo  in  his  blood ;  but  the  Cornish  miner, 
who  is  fed  chiefly  upon  dough  and  fat,  finds 
himself  greatly  distressed  bj  the  climbiug  of 
the  Udders — more  so,  indeed,  than  bj  the 
slower  labor  of  quarrying  In  the  mine.  His 
heart,  over^etimulated  by  t!ie  rapid  exer- 
tion of  muscular  work,  beats  more  and 
more  quickly  in  its  efTorts  to  oxidate  the 
blood  in  the  luDgs,  and  so  supply  the  force 
required.  Loc^lI  congestion  of  the  lung  it- 
eelf  frequently  follows,  and  kys  the  foanda- 
tion  for  the  afectiou  so  graphically  though 
aadly  described  by  the  miner  at  forty  years 
of  age,  who  tells  you  that  his  other  works 
are  very  good,  but  that  he  is  *  beginning  to 
leak  in  the  Takes  *  Were  I  a  Corniah  miner, 
and  able  to  aflford  the  luj[ury,  I  ihoold  train 
myself  for  the  '  ladder-feat '  by  diniog  on 
half  a  pound  of  rare  beefsteak  and  a  glass 
of  ale  from  one  to  two  hours  before  oom- 
mencing  the  ascent^* 

Polsonooi   Tolrmilc   €*seg»^  During  a 

rolcanic  eruption  on  the  little  island  of  San 
Jorge,  one  of  the  Azores,  in  the  year  1808, 
Taporoiui  clouds  were  seen  to  roll  down  the 
aides  of  the  mountain,  and  to  move  along 
the  volley.  Wherever  they  passed,  plants 
and  animals  wilted  and  perUhed  install ta> 
ueously.  From  this  asphyxiating  action, 
as  also  from  their  downward  movement  on 
the  mountaiu'side  and  toward  the  sea,  we 
may  conclude  that  they  consisted  chiefly  of 
aotne  dense,  deleterious  gaa,  most  probably 
earbonic  acid.  Their  opacity  is  to  be  at-^ 
tnhuted  to  the  presence  of  watery  vapor, 
and  their  reddish  color  to  the  presence  of 
fine  Tolcanic  dust  Finally,  their  injurioaa 
action  on  plants  was  doubtless  owing  to  the 
presence  of  chlorhydrlo  and  sulphurous  acid. 
Similar  phenomena  have  been  observed 
on  occasion  of  other  volcanic  outbreaks, 
but  liowhere  bo  marked  as  in  the  case  of 


B4n  Jorge.  In  1866,  for  instanoe,  the  vot 
cano  of  Santorin  emitted  smoke  chatgied 
with  add,  which  produced  on  plants  eBeett 
similar  to  thoae  observed  &t  San  Jor^  la 
1808. 

A  writer  in  the  Itevu4  8ciet>iififiu\M  ii 
the  opinion  that  the  facta  &boftt  itilid 
give  the  solution  of  some  of  the  prottku 
fdaed  by  the  exhumations  at  FompeH  Us 
ttrutge  posture  of  skeletons  fonod  In  tlis 
streets  of  that  town  is  Yery  £ISoiilt  tt»  io> 
count  for,  if  we  insist  m  finding  analpgiM 
with  phenomena  observed  in  modem  erup- 
tions of  Vesuvius.  A  shower  of  ashes,  bof* 
ever  heavy,  however  charged  with  hninidit;, 
could  never  have  thrown  down  and  ctioksd 
a  strong  man  like  the  one  who  mi^t  bci 
death  while  making  his  escape,  in  coispa; 
with  his  two  daughters,  along  one  of  die 
pubUc  roads.  They  must  have  inhaled  t 
poisonous  gas  of  some  kind,  which  estiscd 
them  to  perish  in  fearful  agony.  This  gH 
would  not  lie  in  a  Uyer  of  eqtul  ^Ickacsi^ 
in  some  placet  it  might  hare  a  grcslsr  ^^fk 
than  in  others.  Hence,  while  somt  «f  ibi 
inhabitants  woold  perish,  the  raoainiv 
would  escape. 

It  is  very  probable  that  the  eroj^tios  la 
the  year  ^9  was  accompanied  with  bed 
emissions  of  carbonic  add,  sprioging  bwa 
points  remote  from  the  crater.  In  aU  fot^ 
canic  regions,  says  the  author,  then  tii 
localities  where,  even  when  the  voteaooii 
inactive,  carbonic  add  exists  in  the  iiaos> 
phere,  in  quantities  sufBdent  to  prodnet 
asphyxia :  and  the  neighborhood  of  Tsio- 
vius  is  particularly  noted  for  the  osunb«  of 
such  localities.  During  an  empcioo,  tbt 
amount  of  the  gas  given  out  Is  nsuillf  \t 
creased,  and  wells,  ditches,  quani«%  itc* 
are  filled  with  carbonic  acid.  It  In  sobs* 
times  dangerous  to  enter  cavities  ia  tk 
rocks  on  the  coast  when  a  fresh  breese  4osi 
not  keep  them  free  of  the  poisonoos  ^ 
In  1861  Ste.^laire  Deville  tiuue  nstt  nUt* 
Ing  his  death  by  entering  one  of  fhess  «■<> 
tics  for  a  few  momentsu  ttis  foUov^ 
week  he  and  the  author  bAfd^j  He^ 
being  asphyiiaied  m  tba  bed  of  «  gn* 
quarry,  wldd)  they  had  prcrlofntly  tWtt^ 
many  a  toe  wilh  impunliy. 

1  Belie  of  Anctent  ECrmrlai  lfl.-*Aa 
antiquarian  disoowy  of  Tory  oonsidcnMr 
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Inieresi  was  recentlj  m&de  ftt  Cenretri, 
lulj,  being  a  terra-cotta  sarcophagufi  of 
trntiTe  Etruscan  production.  The  aDcient 
Etruriaiift  were  noted  for  tbe  honor  thi^y 
bestowed  upon  their  dead,  and  thetr  custonu 
of  paying  homage  to  ancestors  by  placing 
their  effigies  upon  their  tomba  seems  to 
hare  been  peculiar  to  themaelTes,  and  un- 
known among  the  Greeks.  The  recently- 
diacoTcred  sarcophagus  b  now  in  the  British 
Mtueunu  It  meaaures  internally  four  tVet 
ten  inchet  in  length,  and  two  feet  in  width. 
The  floor  is  hollowed  out,  or  rather  marked 
by  a  raised  border,  which  takes  the  form 
of  a  human  figure.  It  rests  upon  four  claw 
feet  projccimg  beyond  the  angles,  and  ter- 
miDating  aboTe  in  the  bead  and  breasta  of 
a  winged  siren.  The  lid  of  the  aareophagus 
represents  an  upholatered  couch  upon  which 
recline  two  human  %ure8,  male  and  female. 
There  are  fn^cnpUoQa  on  the  fonr  aidea  of 
the  ootieh.  The  panel  at  the  foot  haa  the 
ignrea  of  two  warriors  in  panoply,  and  the 
front  panel  exhibita  the  same  pair  of  war- 
riors engaged  in  mortal  combat.  Seyeral 
aece^sory  i^gure^  are  alao  to  be  seen.  On 
tbe  panel  at  the  head  of  tbe  couch  are  rep- 
resented four  sitting  figures  In  opposing 
pairs,  plunged  in  deep  sorrow.  The  monu- 
ment  has  no  counterpart  among  thcwe  of  its 
kind  hitherto  discoveredf  the  only  one  at 
all  reaembling  it  being  that  of  the  Campana 
Collection  in  the  LouTre.  The  latter  ia, 
however,  of  a  much  more  recent  date  than 
tbe  former,  nor  is  it  adorned  with  either 
r^efs  or  inacriptions.  The  Ccrretri  sar- 
cophagUa  probably  dates  from  the  period  of 
IStruafian  ascendency  m  Italy. 

Attdlbte  ini  Inandlhln  Seondft,— The 
phenomenon  of  ootor-blindness  Is  a  familiar 
fact ;  but  an  analogous  phenomenon,  what 
mi|^  he  called  pitcb-deafiieas,  though  not 
nnoommon,  la  not  so  generally  known.  By 
fMi^^0aftteM  ia  meant  insensibility  to  cer- 
tain sound-vibrations,  Frot  Donaldson^  of 
the  TJnlTcrtity  of  Kdin burgh,  used  to  illiis- 
trate  the  different  grades  of  sensibility  to 
sound  by  a  very  simple  experiment,  namely, 
by  sounding  a  set  of  small  organ-pipes  of 
great  aculencsa  of  tone.  The  gravest  note 
would  be  sounded  firat^  and  ibia  would  be 
heard  by  the  entire  clasd.     Soon  some  one 

aid  remark,  ^^There^  *tis  silent/*  whereas 


all  the  restf  perhaps,  would  distinctly  hear 
the  shrill  piping  continued.  As  the  tone 
rose,  one  after  another  of  the  students 
would  lose  sensation  of  tbe  acute  sounds, 
until  finally  they  became  Inaudible  to  all. 

There  is  reason  for  supposing  that  per- 
sona whose  ear  is  sensitive  to  very  aoute 
sounds  are  least  able  to  bear  very  grave 
notes,  and  vitx  vnna.  Probably  the  hear- 
ing capacity  of  the  human  ear  ranges  over 
no  more  th^i  12  octaves.  The  gravest 
note  audible  to  the  human  ear  is  supposed 
to  repreaent  about  15  vibrations  per  second, 
and  the  sharpest  48, »KH>  per  second. 

The  auditory  range  of  animals  is  doubt- 
less very  different  from  that  of  man  \  they 
hear  sounds  which  are  insensible  to  oa,  and 
vice  veraa.  Many  persons  are  insensible  to 
the  scream  of  the  bat^t  is  too  acute.  But 
to  the  bat  Itself  that  sound  must  be  in  all 
eases  perfectly  sensible.  If,  then,  we  sup- 
pose the  bat  to  have  an  auditory  range  of 
12  octaves,  and  its  scream  or  cry  to  stand 
midway  in  that  range,  the  animal  would 
hear  tooea  some  six  octaves  higher  than 
those  audible  to  the  human  ear — two  and  a 
half  million  vibrations  per  second. 

Scorcsby  and  other  arctic  voyagers  and 
whale-hunters  have  observed  that  whales 
have  some  means  of  communicating  with 
one  another  at  great  distances.  It  is  prob- 
able that  the  animals  bellow  in  a  tone  too 
grave  for  the  human  ear,  but  quite  within 
the  range  of  the  oetacean  car. 

The  MetloDS  of  (lie  llfmrt.— According 
to  the  generally-accepted  teachings  of  phya. 
iologists,  the  heart  resta  after  each  pulsa- 
tion ;  that  is,  each  complete  contraction 
during  which  the  auricles  are  emptied  into 
the  ventricles,  and  the  ventricles  into  the 
veflsela,  is  followed  by  a  moment's  repose, 
when  the  organ  is  entirely  at  rest  Dr.  J, 
Bell  Pettigrew,  in  his  rcccfntly-publiahed 
lectures  on  the  **  Physiology  of  the  Circula- 
tion,** lakes  a  dtlTercnt  view,  affirming  that 
the  normal  action  of  the  heart  is  a  con- 
tinuous one,  and  that  as  a  whole  it  never 
ceases  to  act  until  it  comes  to  a  final  stop. 
Ee  says:  **  When  the  heart  is  beating  nor- 
mally, one  or  other  part  of  it  is  always  mov* 
ing.  When  the  veins  cease  to  close,  and 
the  auricles  to  open,  the  auricles  begin  to 
close  and  the  ventricles  to  open  ;  and  eo  oa 
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til  cndloM  tuooemcnL  In  order  to  sdmli 
of  these  obangea^  the  ftaricuIo-veiitrieuUr 
Tolreflf  as  his  been  Btated^  rise  and  fall  like 
the  diAphragm  lu  re^pimttoo ;  the  ralvea 
protrtidin^f  now  into  the  auricular  cariticfi, 
now  into  the  rentricular  onee.  There  is  in 
reaUtj  no  pause  ia  the  heart's  action.  The 
one  moTemenI  glides  into  the  other  as  a 
snake  glides  into  the  grass.  All  that  the 
cje  can  detect  is  a  quickening  of  the  gliding 
moTemenis,  at  stated  and  very  short  inter- 
raU.  A  careM  examination  of  the  sounds 
of  the  heart  shows  that  the  sounds,  like  the 
movements,  glide  into  each  other.  There 
is  no  actual  ceuatioti  of  sound  when  the 
heart  is  in  action.  Th«re  &re  periods  when 
the  sounda  are  Tery  faint,  and  when  only  a 
sharp  or  an  educated  ear  can  detect  them^ 
and  there  are  other  periods  when  the  sounds 
are  so  distinct  that  e?en  a  dull  person  must 
hear ;  but  the  sounds— -and  this  te  the  point 
to  be  attended  to — merge  into  each  other 
by  slow  or  Budden  translttODs.  It  would 
be  more  accurate,  when  speaking  of  the 
movements  and  sounds  of  the  heart,  to  eay 
they  are  only  faintly  indicated  at  one  time, 
and  strongly  emphaaued  at  another,  but  that 
neither  ever  altogether  ci?i&se8,  If,  however, 
the  heart  is  acting  more  or  less  vigorously 
as  a  whole,  the  question  which  naturally 
prcienfei  itself  i&,  How  is  the  heart  retted  ? 
Tluire  oan  be  little  doubt  it  rests,  as  it  acta» 
▼li;,  in  parts.  The  centripetal  and  ceatrif- 
Qgal  wave-movements  pass  through  the 
iarooaa  elements  of  the  different  portions 
of  the  heart  very  much  as  the  wind  paasei 
through  the  leaves :  its  particles  are  stirred 
in  rapid  suocessionf  but  never  at  exactly  the 
flame  instant;  the  heart  is  moving  as  a 
whole,  but  its  particles  are  only  moving  at 
regular  and  stated  intervals  ;  the  periods 
of  repose,  there  is  every  reason  to  believe, 
greatly  exceeding  the  periods  of  activity. 
The  nourishments,  life,  and  movements  of 
the  heart  are,  in  thi«  lesse,  synonymous.** 

PilMilBf  \j  Oxygra*— H.  Paul  Bert, 
wboflo  observations  upon  the  physiological 
elTeeta  of  high  atmospberic  pressure  we  have 
Already  noted  in  the  IfoKniLr,  eommuid- 
oates  to  the  Paris  Academy  of  Sciences  the 
results  of  his  observations  on  the  toxic  ac- 
tion of  oxygen.  Placing  sparrows  In  oxygen 
under  a  pressure  of  950  (that  of  the  atmos- 


phere besog  repmcoted  as  100),  he  found 
the  bifda  aetied  with  Yident  eonTDlsiatts. 
The  same  resolt  fbUowed  whan  tpanowi 
were  confined  In  ooounoit  air  ODder  a  pft»> 
ure  of  17  atmosphecM.  In  osygeo^AA^ 
atmospheres'  presBora,  or  in  air  att  3i  at- 
mosphere the  convulsiona  were  extremely 
violent  and  quickly  fatal  The  gjuiptoiM 
in  the  hitter  ease  were  these :  CoovidaloBi 
set  in  after  four  or  five  minutes :  In  moving 
about,  the  bird  hobbles  on  ito  feet,  u 
though  walking  ou  hot  coals.  It  then  fiul- 
ters  its  wings,  falls  on  iU  back,  and  ifiiiii 
about,  the  daws  doubled  up,  Dealli  loper- 
renes  after  a  few  such  spaama. 

The  toxic  dose  of  ox^  gen  for  a  dog  *ii 
found  to  require,  for  coii  rulsiona,  a  prosiri 
of  350  in  oxygen ;  and  a  preasore  of  5C0  ti 
fatal  The  atootint  of  oxygen  in  the  aitsrisl 
blood  of  a  dog  tn  «on^nh^o&a  was  ibood  to 
be  considerablj  lets  thin  tirioe  the  ooensl 
quantity.  Henoe  tlie  antjioi^i  ctart&iig  ooiu 
elusion,  that  fm^/gm  If  Cis  mo^fmtfulfBmm 


Taking  a  dog  in  Aill .  coovitlaion  out  of 
the  receiver,  M.  Bert  found  the  paws  ri^ 
the  body  bent  backward  in  the  shape  of  sa 
arch,  the  eyes  protruding,  pupil  dllalsd, 
jaws  clinched.  Sooi:  there  is  relaxsl3QB» 
followed  bj  another  erista,  eombiniBg  ibi 
symptoms  of  strychutne-poboniiig  and  of 
loc^'aw.  The  convnislonarj  periods,  il 
first  recurring  every  five  or  six  minotca^  b»> 
oome  gradually  leas  violent  and  last  fi** 
qnent 

The  author  sums  up  Ua  oottdasioai  ai 
follows:  1.  Oxygen  behavna llk» n  rapidly 
fatal  poison,  when  its  amoiml  fai  tha  iri» 
rial  blood  is  about  S5  cubio  oentloacirci  pn 
cent  of  the  liquid;  i.  The  poisauQg  ii 
characterised  by  oonvulsiona  whibb  repre- 
sent, according  to  the  inlensity  of  lihe  fyaip< 
toms,  the  variona  types  of  tetantii^  cf^Qcp^i 
poisomng  by  phrenic  seid  and  alryeholtt^ 
etc.;  S.  These  symptoms,  which  are  aUtysd 
bj  chloroform,  are  doe  to  an  exaggefiiiQa 
of  the  excit04notor  power  of  the  spinal  oortf ; 
4.  They  arc  aocompanied  by  a  cooaidenlbis 
and  constant  diminution  of  the  Intenial  tfo- 
perature  of  the  animal 

lafhot  VtrtiOtj*— 1>iitlngihay««rlM«» 
23,199  children  under  obo  y«ar  of  igi^ 
died  by  oonmMoaa  b  i8w|^«iwt  ^^  ao^ 


NOTES. 
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b«r  of  birtlia  being  786,858 — owe  In  34. 
In  the  same  year  the  births  in  Scotland 
were  115,514,  and  0DlyBI2  lufante  under 
one  jear — one  in  870— fell  Ttctiitis  to  con- 
rulflions.  Thia  striking  difference  in  the 
mortality  etAtisticfl  of  the  two  countries  is 
^Accounted  for  in  a  report  of  the  Bcottiali 
^Pegistrmr-Genctal  b?  the  difference  between 
^Bhe  English  and  the  Scottish  modes  of  rear- 
ing infants.  "The  Englieb,'*  ho  writea, 
"  are  in  the  babit  of  atufllug  thetr  babies 
with  Bpoon-meat  almoet  from  birth,  while 
the  Scotch,  exeepdog  in  cftsea  where  the 
tnotber  ia  delicate,  or  the  child  ia  otit  nurs- 
ing, wisely  give  nothing  but  the  mother's 
milk  till  the  ebild  begina  to  cut  itg  tccth.^' 
The  atatistica  (ff  infantile  demlha  from 
diarrbopa  may  alao  be  adduced  aa  an  argii> 
ment  in  favor  of  the  Scottish  system.  In 
England  more  than  twice  as  many  infants 
die  of  this  disorder  than  in  Scotland. 

On  comparing 'theaestatiHtica  with  thoae 
of  the  last  Uniteil  States  cenaus,  it  will  be 
Been  that  the  chances  of  life  for  infants  in 
their  first  year  «se  far  more  favorable  in 
tbfa  country  than  in  England,  though  not  so 
flTOfable  oa  in  Scotland,  In  the  year  end- 
lag  May  31,  18^0,  ^ere  were  bom  in  the 
TTnitcd  Btatea  1 ,1009415  children.  Of  the^e 
there  died,  daring  ^he  same  year  4,609  by 
CODTulsiona,  and  1,!P84  by  diarrhosa,  or  one 
in  S86  from  the  former  cause,  aod  one  in 
724  from  the  latter.  In  Eugland  tbe  deaths 
from  diarrba?a  amounted  to  1S8  in  100,000 
infanta,  and  in  Scotland  to  66  in  the  same 
number.  It  will  be  eeen,  on  computation, 
that  the  proportion  of  deaths  from  this 
cause  are  by  a  very  small  fraction  leas  in 
tbe  United  Sutea  than  in  Scotland.  But 
now  are  we  to  attribute  these  very  credita- 
ble reaulta  to  our  more  rational  system  of 
rearing  children,  or  to  the  better  social  con- 
dhum  of  the  population  here  t 

fluliei  gwallowlng  theLr  Temiig.— The 
question,  "  Do  snakes  swallow  their  young  V 
that  is^  give  them  shelter  m  the  maternal 
stomach  when  danger  Ihreatens,  waa  Am- 
cuBsed  in  a  paper  presented  to  tbe  Ameri- 
can Aasociation  by  G.  Brown  Goodo.  The 
author  some  time  since  asked,  through  the 
public  preaa,  for  testimony  bearing  on  this 
subject,  and  b©  now  comes  forward  with 
what  appears  to  be  perfectly  satisfactory 
evMeDCf  in  favor  of  the  ti&rmatiTe  side. 


He  has  the  testimony  of  fifty-six  witnesses 
who  flaw  the  young  enter  the  parent's 
month.  Of  these  fifty-six,  nineteen  testify 
that  they  heard  the  parent  snake  warning 
her  young  of  danger  by  a  loud  whistle. 
Two  of  the  witnesses  waited  to  see  the  young 
emerge  again  from  their  refuge,  after  the 
danger  was  past;  and  one  of  them  went 
again  and  again  to  tbe  snake's  haunt,  ob' 
serving  the  same  act  on  aeveral  successive 
days.  Four  saw  the  young  rush  out  when 
the  parent  was  struck  \  eighteen  saw  tbe 
young  shaken  out  by  dogs,  or  escaping  Irom 
the  mouth  of  their  dead  parent.  These  tes- 
timonies are  confirmed  by  the  obsenrations 
of  scientific  men»  such  as  Prof.  Smith,  of 
Yale  College,  Dr.  Pahner,  of  the  Smithsonian 
Institution,  and  others. 


NOTES. 

Tub  year  1769,  which  witnessed  the 
completion  of  the  Eddys  tone  Lighthouse, 
closed  with  tremendous  storms,  and  the 
courage  of  tive  light-keepers  was  tested  to 
the  utmost,  A  biography  of  John  Smeaton, 
the  builder  of  the  Eddystone«  etatef^  that 
for  twelve  days  the  eea  ran  over  them  so 
much  that  they  could  not  opeu  the  door  of 
the  lantern,  or  any  olhtr  door,  **The 
house  did  shake/'  sold  one  of  the  keepers, 
**  as  if  we  had  been  up  a  great  tree.  The 
oM  men  were  frightened  out  of  their  lives, 
wishing  th«5y  bad  never  seen  the  place. 
The  fear  seized  them  in  the  back,  but  rub- 
bing; them  with  oil  of  turpentine  gave  them 
rehefr' 

Bin  Charles  Ltell,  in  his  "  Geology," 
speaking  of  Mudngasciir,  aays  that,  with  two 
or  three  small  islands  in  its  Immediate  vicin- 
ity, it  forms  a  soological  sub-province,  In 
which  all  the  species  except  one,  and  nearly 
all  the  genera,  are  peculiar.  He  singles  out 
for  special  remark  tbe  lemurs  of  Madagas- 
car, comprising  seven  genera,  only  one  of 
which  has  any  reprewentatives  on  the  nearest 
main-land  of  Africa.  Hitherto  no  fossil  re- 
mains of  these  Madagascar  species  have 
been  known  to  exist,  but  M.  Delfortrie,  of 
the  French  Academy  of  Sciences,  annouDcea 
that  he  hna  found,  in  the  phosphorite  of 
the  department  of  Lot,  an  almo*it  complete 
skull  of  an  individual  bdongiog  to  this  le- 
murinc  family. 

0?  the  S5,l'70,20i  passengers  carried 
over  the  railroads  of  Pennsylvania  last  year, 
only  thirty 'three  were  killed,  less  than  one 
in  a  millioD.  fiut  the  Eogll^h  lines  make  a 
far  more  favorable  showing,  the  number 
killed  in  tbe  year  1871  being  only  twelve— 
or  one  in  81,000^000. 
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Ik  tbe  **  Hl<^tory  of  the  Fishes  of  the  Brit- 
ish laknds,"  GtnUdua  Cambrensis,  a  nrritcr 
of  the  twelfth  century,  Is  quoted  for  the 
Objiermtion  ihai  in  the  Lyn  y  Cwn,  or  Pool 
of  Dogs^  in  Walea,  the  trout,  the  perch,  mnil 
the  eel,  were  deficient  of  the  left  eye.  A 
recent  work  on  "  Trout  and  iSalinon  Fishing 
in  Wales,*'  Btrangel?  enough,  confirma  in 
psrt  this  obsenr&tioti,  usertiDg  that  one- 
eyed  trout  are  atiQ  caught  in  the  same 
waters. 

Frofessok  SifEB  recently,  at  the  Berlin 
Chemical  Society,  proposed  a  method  for 
detecting  orgaoic  matters  contained  in  the 
air,  and  for  effecting  at  the  «ame  time  a 
kind  of  distillation  by  cold,  A  glass  fun- 
nel, closed  at  its  narrow  end,  la  held  ftus- 
psnded  in  the  air  and  filled  with  ice.  The 
moisture  of  the  ^r  is  condensed^  in  contact 
with  the  ©iterior  surface ;  it  trickles  to  the 
bottom  of  the  apparatus,  and  falls  into  a 
%mtSi  basin  placed  for  its  reception.  Tbe 
liquid  obtained  in  a  giren  time  is  weighed. 
It  generally  contains  ^nmonia,  which  is  de- 
termined by  known  raethods.  Distillation 
by  cold  may  be  employed  for  separating 
volatile  eubetances  which  might  be  injured 
I  T)y  heat  Thus,  if  tiowers  are  placed  under 
•  large  bell-glass  along  with  the  refrigerat- 
ing funnel,  a  liquid  is  obtained  m  th^  basin 
saturated  with  the  odorous  principles  of 
the  flowers. 

At  Tarious  points  on  the  rirer  Thames, 

between   Woolwich  and   Erith,  there   are 

vtsibie  at  low  water  the  remains  of  a  sub< 

merged  forest,  over  which  the  river  now 

flows.    This  fact,  taken  in  connection  with 

other  local  phenomena,  has  led  geologists 

to  conclude  that  tbe  present  outlet  of  the 

Thames  to  the  North  Sea  is  of  quite  recent 

'  origin,  the  waters  having  formerly  passed 

I  Boathward   Into   the   Weatd    by    channels 

which  still   renmin.     Excavations  in  tbe 

^  manhea  expose  to  view  a  deep  stratum  of 

twigs,   leaves,  Beed-Tcsscb,  and  stools  of 

trees,  chiefly  of  the  yew,  alder,  and  oak 

kinds. 

A  TRATttLni  in  Zanzibar  describes  the 
red  and  black  ants  as  one  of  the  greatest 
scourges  with  which  Eastern  AlHca  is  af- 
file te^i.  These  insects,  he  says,  move  along 
the  ronds  in  masses  so  dense  that  beasts  of 
burden  refuse  to  step  among  them.  If  the 
traveller  should  fail  to  see  them  coming,  in 
time  to  make  his  cscjipe,  be  soon  finds  tnem 
swarming  about  his  perjion.  Sometimes, 
loo,  they  ascend  the  trees  and  drop  upon 
the  wayfarer.  The  natives  call  ihom  madi* 
Hodo^  that  Is,  boiling  water,  to  signify  the 
scalding  sensation  produced  by  their  bite> 
These  ants  are  of  great  size,  and  burrow  so 
dec^p  into  tlie  ft^h  that  it  is  not  easy  to 
pick  tlium  out  In  certain  forests  they  are 
said  to  exist  in  such  numbers  as  to  bo  able 
to  destroy  rats  and  tiaarda. 


Ax  ec centric  and  method ical  man  is  Or. 

Rudolf,  Danish  governor  of  Cperittvik; 
Greenland,  Dr.  Rudolf  19  a  Ecientiitt  of  some 
distinction,  and  has  contributed  his  ihtn 
to  the  seientiflc  Hteratore  of  his  own  coon, 
try,  yet  it  is  his  choice  to  live  in  a  refpoo 
where  darkness  prevails  four  months  in  the 
year,  and  where  he  can  have  no  comroimS- 
catlon  with  civilized  life  beyond  the  annoal 
Tisit  from  the  govemineDt  j^tore^bip,  and  the 
casual  arrival  of  whalers.  Bj  tbe  storeehtp 
the  governor  receives  annually  a  file  of 
Danish  newspapers;  but  instead  of  glan* 
cfng  through  them  hastHy,  he  takes  a  fresh 
journal  every  morning,  reading  the  DaghUi 
of  Jan.  1,  \m%  on  Jan.  1,  1878,  He  thai 
follows,  day  for  day,  the  changes  in  the  miod 
of  r*' — -'^'  *  =  Hnd  in  tbe  order  in  which 
Cr<,  I,  and  tiee  verta^  but  al- 

waj    ,  .        ^vcmontbs  after  the  ercDt 

If  the  white  of  an  egg  be  immersed  for 
some  12  hours  in  cold  wn*-  '■*  •-  "orgoesa 
chemico-molccular  chaii.  ng  solid 

and  insoluble.      The  hif  uarparent 

atbuTuen  assumes  an  opaque  and  gnow>^liie« 
appearance,  far  surpassing  that  of  th<;  ordi 
uary  egg.  Dr.  John  Goodman,  writing  w 
tbe  Chmiicat  aVnr*,  recommends  thia  miNs 
rial  for  diet  in  eases  wher  /'ji  blood 

lacks  fibrine.  Thosubstai  jhttnd 

easily  digested,  it  is  not  ^  .^ . . .  .  ^ n:n  b;  * 
fi»eb1e  stomach;  and  as  it  creates  a  Mof 
of  want  rather  than  of  repletion.  It  w 
motefi,  rather  than  decreases,  the 
for  food,  AAer  the  fibrine  has  b 
daced  in  the  manner  described  at)ovr,  11 
must  be  submitted  to  the  action  of  a  hoit 
ing  heat,  and  is  then  ready  for  use. 

Okjs  of  the  great  dangers  attendini  Hi 
use  of  the  various  sedatives  employia  It 
the  nursery  is  that  they  tend  to  i^o^Bli 
the  opimn-habU,    These  quack  medlciais 
owe  their  soothing  and  quieting  t^ 
the  action  of  opium,  and  the  inf^t 
them  given  a  morbid  appetite  for 
stimulants.     The  offering  for  solf 
nostrums  should  be  probibtte^l,  a.-  ' 
to  the  physical  and  moral  det<  t!   rrif.  t  h 
the  race.     In  India  mothers  pi>    t     -r   r 
infants  sugar-pills   ooutainiug  lu,    ^ ! 

tbe  result  is  a  languid,  scn^uai  ' 

less  debaucheei.     In  tJie 
poisonous  dose  is  admL 
oUier name ;  but  the  oonsfiriueiict*  ^ m  jtrt^^^ 
ably  be  the  I 


DtntiMQ  last  antnom,  ssyi  Ihe  J^mntaf  «f 
ih*  Soddy  of  Artty  there  were  no  f 
seventeen  companies  4«ngaged  la  fi 
gold  from  the  anriferous  sand  of  1 
The  alluvial  deposits  at  Toalo  are  said  16 1« 
extremely  rich  in  gold,  the  total  prodnrlfan 
last  season  being  estimated  at  about  |«l«,«*l 
One  of  the  companies  returned  a  dfriteft 
of  70  per  cent  The  larg««t  nngsvi  vtigM 
40  grammea. 
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